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PREFACE

There are o number of free or independent connective tissue cells whose
funetions hate not been established Among these cells the lymphacy tes
plasmacytes and mast cells are probably the most sigmficant, because of
therr relatnyely great numbers and well known capaaity for densely ¢ infil
trating a particular area Together with eounophils neutrophils mono
cytes glocytes and various less obvious cells the mast cells lymphocytes
and plasmacytes are considered to be very mmportant in mmtermediary
metabolism Certain of these trephocytes function directly 1n metabolism
of other cells, but others may control the passage of nutntive matenal
from the capillaries to the individual cells and the ehmmation of their
products, as well as affecting the salt water balance 1n the tissues

The lymphocyte 1s a specialized cell which synthesizes stores and trans
ports nucleoprotein for maintenance growth or <ccretion by other cells
The plasmacyte 1s considered to be a synthesizing and storage cell for
ribonucleic acid (RNA) and gamma globulin instead of having only the
delimited funetion of antibody formation The functions of lymphoid
tissues in the intracellular storage and release of protem 1s related to the
situation of the particular lymphoid structure with regard to the immediate
source of available proten Thus, the formation of lymphocytes in the
spleen inte tinal lymphod tissue and lymph nodes has simslar relations to
the over all problem of normal and pathological protemn anabolism The
spleen 15 located between the systemic and hepatic portal blood vessels so
that 1t may control the supply of plasma protein passing from peripheral
blood to the hiver by intracellular storage and release Likewise the intes
tinal lymphoid tissue, including the core of the villi may store some of the

1l tary protemn llularly, and md m 1 the supply of
protemn for use by the liver Penpheral lymph nodes resynthesize extra
cellular protemn from tissue flud to the mtracellular form 1n lymphocytes
and plasmacytes and thereby, aid in regulating the level of plasma protemn

The chief sigmficance of the mast cell 1s the result of 1ts ability to synthe
size <tore and release histamune and heparm but its production of muco
polysacchanide (MPS) and 1ts possble relation hip wath erotomn 1s al o
discussed Thus the mast cell plays an important part in the control of the
permeablhty of blood and lymph capillaries and in diffuston through the

tissue ground sub Mast cells effect changes
m Iylar flmds by rel h e which di hyperemia
with increased capillary permeability

The number of trephocytes (feeding cells) and their rate of secretion or
lysis forms an essential factor 1n the control of conditions i the recipient
cells and/or 1n the mtercellular fluds changes mn the phy<iochemstry of

m
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which markedly alter the metabolism of the varous cclls The activity of
trephocytes 1s varously controlled by hormones, histamine epinephrine
balance and the pirasympathetic sympathetic nervous system In turn,
the formation and disintegration of the<e cclls 15 considered to form an
mtermediary step and mechanism which merea e the deheacy of control
1n the various sy stems of balance and counterbalance

Tdeas and results used for developing working hypotheses for these cells
have been taken from dnerse fields of the biological sciences meluding
anatomy bacteriology, brochemistry, eytology , embry ology, enzy mre chem
1stry, medieme, veternary medicine, parasitolo,y and pharmacology

We do not profess to have covered the literature with the object of pro
ducing a bibliographical review Rather we attempted to mcorporate the
vanous rdeas on, and different expertmental approaches to the vanous
aspects of the problems mnvolved in this volume References gleancd from
hsts of hterature cited, bibliographies and international indexing and
ahstracting journals were carded and evaluated The works decmed esscn
t1al for these papers, but not available in the varous libranes of the Unt
verstty of Colorado or 1n our per<onal collection of reprmts, were borrowed
through Iibrary Interloan By these procedures we had access to worhs
published m foreign countries as well as those published m this country
The sources of abstracts used i this work are credited 1n the respectine
references m the list of I iterature Cited

We have freely employed the ‘ historsel estation o indicate who made
the ongmal statement and when 1t was made The historical eitation 1s
designated by the year of publication enclosed 1n parentheses mmmediately
following the name of the author Historical references are not listed 1n the
Laterature Cited =ince we did not «ce the onginal work Authority for the
statement 15 aited by a superior figure which mdieates the reference hsted
i the Literature Cited

The term  plasmacy te * 1s used mn this work mstead of the more popular
term ‘plasma cell ’ to conform with the rules formulated 1n 1948 by 32
members of the American Society of Clinteal Pathologists who compiled
the * first report of the commuttee for clanfieation of the nomenclature of
cells and diseases of the blood and blood formmng organs (Committee
1048) Use and/or spelling of certam other terms are variable primarily
because of our wnability to find o definite rule or authorty to follow Ior
evample both prefixes deoxy  and ‘desoxy  are m common usage and
occur m both Amerean and Luropean journals and books The abbrevia
tion DNA 15 conststently used m Lnglsh publications (ADN in I'rench)
for de or desoxynbo or de or desovyribesenuclerc acsd We have how
ever at the nisk of censure by certam organie chemusts nIimuted the use of
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the abbreviation AMP to d te acd 1 haride—nev
adenosine monophosphate

Part of this work, particularly that pertaiming to the distribution and/or
weight of lymphoid tissue 2 2 the effects of benzene porcoming splenec
tomy and/or appendectomy on lymphoid tissues and arculating leuko
eytes 512 b4 the histogenesis of lymph nodules in the rabbit s appendrx @ *®
and o comparative study of cceae * " was begun dunn, 1948 to 1943—
and amplfied and extended dunng the intervemng years to 1908 Conse
quently, we are indebted to a number of mdividuals and orgamzations for
various favors We are particularly mndebted to various mdividuals of the
U 8 Wild Life Service and the Henderson Muscum of the Umveraty of
Colorado for supplying the viseera of wild rodents, shrews and a few other
mammals This worh could never have been completed without the splendid
cooperation and assistance of our assistants in research typists and pho
tographers, and of the staffs of the Librares and Research Services Labora
tory of the University of Colorado We are especially indebted to Mrs
Madeline L Atwell for her continued assistance with our re carch during
the last 5 years and for her help with the many problems mvolved in the
preparation of this manuseript

Expenimental work done by the authors and utilized 1n this nork was
21ded by the following research grants National Cancer Institute National
Institutes of Health, Public Health Service Recearch Grants No C 373
C-2395, C 2395 (C) C-2395 (C1), C 2395 (C2) and C 2395 (C3) National
Institute of Arthmtis and Metabolie Diseases, National Institutes of
Heaith Public Health Service Research Grants A 1273 and A 1273 (C)
Beta Sigma Phi International Lndowment Fund vanous annual grants
extending over a penod of about 7 years, University of Colorado Council
on Research and Creative Work Campus Chest, Bauer and Black D1
swon of the Kendal Company Valentine Memoral Tund and various con
tnbutions

Unnersity of Colorado Maraarer A Kersarn

Boulder Colorado Epwarp D Crase




CONTENTS

PRFFACE
CHAPTER

1 NrTrODUCTION
Trephocy tes in General
Principles Involsed
Action of Trephocytes
Intracellular Substances and Torces
Nucleocy toplasmic Interrelationships
Chromatin Chmination
Intracellular Protemn Synthests and Storage
The Nucleolus
Microsomes and Secretory Granules

2 LYVIPIIOCYTES AND PLASMIACYTES
Lymphocy tes as Trephocytes
Trephocy tic Charactenstics of Lymphocytes
Lafe Span of Lymphocytes
Nitrogen Retention
Alkaline Phosphatase
Lvmphocytes in Intestinal Epithelium
Distribution withan the Columnar Cell
Lymphoepithelia
Plasmacytes
Plasmacytogenesis
Cytoplasmie Basophilia
Atypieal Plasmacytes
Plasmacytcs in Vil
Glandular Activity
General Considerations
Mammary Glands
Prelactating Gland
Cessation of Lactation

3 MAST CELL INTFRRELATIONSIIIPS
Ongin and Distribution
Tunctional Relations

Effects of Nutrition
Nature of Mast Cell Granules
Tixation and Statning
Routine Fixation and Stamning
x

i



CONTENTS

Metachromasia
PAS-Staimng Reactions
Factors Affecting Mast Cell Population
Factors Increasing the Number
Irradiation
Lymph Nodes
Thymus
Thyroid and Parathyroid Glands
Spleen
Shn
Bone Marrow
Hormones
Increased Protern
Chemeal Carcinogens
Factors Decreasing Mast Cells
Mast Cells and Mast Leukocytes Compared

4  PHYSIOLOGICAL DISTRIBUTION OF MAST CELLS
Qccurrence m Structures
Head and Neck
Oronasal Reglon
Teophagus and Trachea
Thyrod and Parathyrod Glands
Salivary Glands
Thoracic Cavity
Abdommnal Cavity
Stomach
Intestine
Liver
Mesenteries
Structural Relations
Serosal Mast Cells
Functional Relations
Glisson s Capsule
Pancreas and Islets
Skan
Fetus and Newborn
Lymphoid Tissues
Lymph Nodes
Intestinal Lymphoid Tioue
Thymus
Spleen



X CONTENTS

TReproductrve System
Glandular Secretion
Salivary Glands
Salvary Glands of Normal Ammals
Salivary Glands of Txperimental Animals
Total Body X irradiation
Results of Irradiation
Low Protem Dret
Pancreas and Islets of Langerhans
Certam Submucosal Tubular Glands
Oronasal, Tracheal and Lacrimal Glands
Brunner’s (Duodenal) Glands
Gastric Glands
Uterme Glands
Effect of Parenteral Lstrogen
Permeability to Yons
Mammary Glands

5  MISTAMINE

Source of Histamyne
Plasma Histammne
Species Dyfferences
Histamine in the Unine
Storage of Histamune
Release of Histamne
Histamne Liberators
Liberation of Both Histarmune and Heparin
Serotomn Compared with Histamine
Tests for Serotonin
Metabolism of Scrotonm
Urinary Serotonin and Histamme
Renal Relations
Control of Histamme
Hormone Histamine Relations
Bex Iormones
Estrogen
Testosterone
Progesterone
ACTH and Cortisone
Desoxy corticosterones

100
105
109
109
m
11
112
113
13
114
115
116
117
118
118
118
119

123
124
125
126
127
129
129
132
133
134
136
136
138
139
143
146
146
148
149

154



CONTENTS

EFFFCT OF MAST CELL PRODUCTS O CAPILLARY PERMEA

BILITY

Vasomotion
Terminal Vascular Structure
Lffects of Artenolar Changes
Variously Effected Vasomotion
Histamunergic Neural Action
Epinephrine
Histaminie Effects
Divere Relations of Histamme
Mechamcs of Capillary Response
Permeability Changes
Normal Capillaries
Mechameal Irntation
Exogenous Histamine
Endogenous Histamine
Inflammatory Processes
Capillary Dilation
Mast Cell Relations
Histamune 1n Allergy
Hyper<ensitivity
Allergic Response
Histamne m Shock
Histammopexy
Corticosteroids

ACTH (Adrenocorticotropic Hormone)

Corticone
Ipmephrine as Initiator
Effects of Cortisone
Desoxycorticosterones

7 NFPARIN AND IIYALURONIC ACID

Heparm
Occurrence of Hepann
Circulatory Relations
Clearng Hyperlipemia
Summary of Activities
Hyalurome Acid
Relation to Ground Substance

xim

156

160
160
161
162
164
167
167
169
171
173
174
175
176
176
177
178
179
181
181
182
183
186
187
187
188
188
189
190

192

192
195
198
199
203
203
205



X CONTENTS

Reproductive System
Glandular Secretion
Salinary Glands
Salnary Glands of Normal Anmals
Salnary Glands of Evpenimental Antmals
Total Body X wradiation
Results of Irradiation
Low Protein Diet
Pancreas and Islets of Langerhans
Certain Submuco-al Tubular Glands
Oronasal, Tracheal and Lacrimal Glands
Brunper’s (Duodenal) Glapds
Gastne Glands
Utenine Gland»
Effect of Parenteral L«trogen
Permeability to Tons
Mammary Glands

5 HISTAMINE

Source of Hi tamine
Plasma Histamine
Species Differences
Histamne 1 the Unne
Storage of Histamne
Release of Histarme
Histamune Liberators
Liberatton of Both Histamine and Heparmn
Serotomn Compared with Histamine
Tests for Serotonin
Metabolism of Serotonm
Unnary Serotonin and Histamme
Renal Relations
Control of Histamine
Hormone Histamine Relations
Sex Hormones
Estrogen
Testosterone
Progesterone
ACTH and Cort1 one
De<oxy corticosterones

100
105
109
109
111
m
12
113
113
114
115
116
u7
118
118
119
119



CONTLNTS

Maturation of Lrythrocytes
Megakaryocytes

INTESTINAYL LYMPHOID TISSUE RELATIONSHIPS

Tunctions
Peyer s Patches and Solitary Follicles
Cecal Lymphoid Tissue
Cecal Form and I'eeding Habits
Absorption from the Cecum
Coprophags
Cecal and Appendical Tlora
Histone Synthests in the Intestine
Appendix of Man and Rabbit
Appendix of Man
Appendix of Rabbit
Appendectomy 1n Rabhts

2  INFLAMMATION AND WOUND HEALING

Histamume Hy perema
Neoplastic Growth
Telergic Relation of Histamine
Rouget Cells
Tactors Inmbiting Exudation
Significance of Edema Protein
Plasmaeytogenesis
Sympathetic Parasympathetic Balance
Fibrin 1n Repair Processes
Tibrinogenesis
Tibrin and Plasmacytogenesis
Fibroblasts as a Source of AMP
Effect of Hormones
Peplacement Processes
Collagen 1n Wound Healmg
Nature of Collagen
Chemical Properties
Collagenase
Physical Characterstics
Formation of Collagen
Polysaechande 1n Collagenesis
Precollagen
Procollagen
Tropocollagen

301
302
302
303
305
306
307
308
309
311
312
312
314
314
315
316
318
319
320
321
321



Xy CONTENTS

Mast Cells and Bynovial Tlud
Muein n Synovia
Hyaluronte Acid m Synova

Inzymie Actraty

8 THF THYMUS
Thymuc Iuvolution
Vasenlanty of the Thymus
Depletion of Thymus
Dhetary Deficiencies
Synthesis of Nuclete Aexd
Hhstones
Protein Storage
Relatsonships of Thymus and Gonads
Tficet of Thy mectomy

9 TIF SPLFEN
Intracellular and Plasma Protem Shifts
Vasculanity of the Spleen
Artenoveneus Connections
Structure and Tunctions of Sinuses
Changes mn Volume
T ymphatic System
Spleen and Lymph Nodes Compared
Celis in the Spleen
Phagocytons
Cs toplasmue Bodding
Erythroes tolysts
Lirythroey te Turnover
Protems from Erytbracyies
Proteoly tie Dnzymes
Protemn Storage
Plasmacy tes m the Splecn
Depletion of Ly mphard Tissue
Hyperplauia of Lymphad Trssue
Extrameduliary Hematopoews
Splencetamy
Tilect on Iy throcytes

10  poNE MARROW
Lymphorytes and Lymphod Tissue
Sinusords and Plasmacy togenests
Nuele: of Erythrocey tes

206

245
247
250

2ad
256
257
20

261
262
264
26



1

Intioduction

Lymphocy tes plasmacy tes, mast cells and certain other cells have fune
t10ms 1m supply ng nutnin e matenals and in regulating protein metaboliem
These cells are designated by the general term trephocey tes (feeding cells)
since they evist pnmanly for the benefit of other cells The nutntional
relations of trephocy tes with recipient cells commonly 1nvolves the inter
relations between extracellular and intracellular metabolt m of both the
trephocy te and the reciptent eell

The 1dea that Ining cells function 1 the nutrition of other cells and
structures began more than a century ago with the work of Goodsir and
Goodsir 7 Cameron®® states that these mnestigators identified cerfain
mmute cellular parts, such as nueley, which exast 1n the textures and organs
as centers of nutrition, and that they concluded that “they draw from the
capillaries or other <ources of nutritive materals and distmbute them to
each organ or texture after1ts hind Thej also behave as centers of germina
tion, the so called germinal spots  Although therr «tatements are not 1n
cisive, 1t 1s clear that the brothers Goodsir had a nebulous concept of
trephocytes The idea that some cells of the body carry nutntive matenal
was reported by Ranvier (1875 to 1900) who noted the phagocy tic proper
ties of free cells 1n loose connective tissue and 1n the omentum, and called
them “clasmatocytes (which he believes are derived from extravascular
lymphocytes) because ‘they carry nutnitive material which they deposit
by breaking off protoplasm "33

This work sets forth the trephocytic activities of Iymphocy tes plasma-
cytes and mast cells However 1t 1s not the writers destre to promote the
1dea that trephocy tes are all important In the final analyss, the plasmais
the primary source of most substanees uttlized m intermediary metabolism
whereas nueleocy toplasmuc interrelations and the intracellular organelles
are vital m the synthesis and retention of protemns These mtracellular
functions have been considered 1n detail by many v estigators but the
importance of 1y mphocytes and mast cells m regulating processes m the
mtercellular flmids has not been recogmzed

The interrel between extracellular fluid and intracellular metabo
hism of most organs 1s generally recogmized For ctample the relationship
between deerea ed eytoplasmic basophihia m hepatic cells and decreased

1
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INTRODUCTION 3

leasing histamine to produce local hy peremra an mcereaced eapillary perme
ability (Chap 5}

Lymphocy tes pla macytes ma.t cells and other trephocytes are situ
ated m drrect contact with blood lymph or tissue find and have the fune
tion of 53 nthestzing and storing varous ubstances obtained from this fluid
to be released for the regulation of metabolism in other cells These trepho-
cytes retain the stored substances until they are freed Relea ¢ of the
trephones 15 controlled by alterations m hormones, by changes 1 the
histamine epinephrine or 1 svmpathetic parasympathetic balance The
proce es of withdrawal of amno acids and other substances from body
flmds for synthe«s and intracellular retention by trephocytes and the con-
trolled release of these stored substanees form a delicate mechanism which
plays an important part in the regulation of protem synthesis, normal body
gronth repair and maintenance Furthermore, this mechanmm permats the
regulation of physiologieal proces es at specific loer or 1n «pecific structures
and facilitates the of function, re tion and wound heal
ng

TREPIIOCYTES IN GENERAL

Gencerally trephocytes are considered to be heterogeneous non endocrine
cells which synthesize and store nutritise regulative or other escental sub
stances (treph ) for physiol \B: This concept mcludes a
number of cells 1n addition to lymphocytes plasmacytes and mast cells
which have varously speeralized multiple or Iittle understood functions
Lymphocy tes and plasmacytes are pre emmently concerned with nucleo-
protein metabol: m, mast cclls contmbute histamine hyaluronic acid and
polysaechandes to form hepann, cartilage basement membrane and prob
ably other substances A considerable smount of materal has been brought
together 1n this chapter chuefly to stress the fact that lymphocytes and
plasmacytes are not the only trephocy tes which supply nucleoproteins

Lymphocytes plasmacytes and mast cells form an mportant mecha
nism for regulating local protein synthests 1n an area such as 1n wound
healing and al o m more widely dissimlar pathological growth processes
The time mtersal 1n relation to the _equence of steps 1s a crucial factor 1n
con wdening the working hypothes that thesc eclls regulate protein me
tabolism 1n delimited areas The release of histamine and heparn by mast
cells1s a tngger mech 1n the of steps 1n producing hy peremia
and mcreased capillary permeability 1n a partreular area Thus the ng
mificance of the ma t cell 1n normal and pathological conditions can be
mterpreted only by con 1dering the relation of the vanous stages in a par
ticular proce s becau e mast cells may be present during one stage and
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plasma proteins has been generally accepted Also 1t 1s generally conceded
that all cells contain a certain amount of stored or reserve protein for the
use of the individual cell, rather than for the use of other cells or 45 a con
tribution to the plasma protem as 1 the case of trephocytes

There are various cells and certatn structures m higher vertebrates, the
functions of which have not been definitely established Some of thesc cells
retain as well as syntheuze, various substances Release of stored sub
stances from a cell 1s controlied by 1artous agents, and the order of release
from the different kinds of trephocytes forms a means of regulating protetn
synthesis The full siymificance of a «ingle kind of trephocy te ean be intur
preted only m terms of 1ts relation to other cells Trephocy tes function as
an intermediary between extracellular fluids and metabolr m of fixed eells
and the necessity for trephocy tes 1s neually related to the nature of the
mtercellular material and to the presence or absence of motility and/or
mobility of the reciptent cell

A revien of the literature mdicates that large and small Iy mphocytes,
plasmacytes and mast cells have multtple and varted functions Lympho
cytes are the most versatile of all the trephocey tes beeause of therr general
distribution, mobility motility great numbers rapid turnover and abibity
to assume additional roles by transformmg into plasmacytes 3¢ Mast cells
function chiefly in controlling the metabolic relatrons of plasma and inter
cellular flud to intermediary metabolism by releasing substances which
cause hy peremma and 1ncreased permeabihity of camllares and conneettve
tissue grournd substance

The process of protein hinding 1s al o a factor in the transportation and
utihization of substances in intermediary metabolism The linkage or other
attachment of some substances to the globulins instead of albumins, could
be an adaptation for regulating the distribution of the attached substance
because there are differences in shape and size of the globulin molecules
and m the ea e with which globulin and albumin pass through the walls of
capillartes The binding of various metals with plasma protetns mcreases
the size of the molecule and may be a mens of rctaimng these substances
especially withm the capillanies and 1n the blood stnusords of the spleen
and bone marrow The B, globulins contatn copper and 1ron binding pro
temns Schade and Caroline (1946) report that By plobulin can bind two
atoms of Fe which then has a molecular weight of 90 000 '* The combina
tion of thyroxtne (mol wt 776 93) %% as 10dized protetn i the form of thy
roglobulm {mol wt 640 000)°*¢1s nn example of this increase n stze of the
molecule which might facthtate retentton within the thyrowd follile 2084
There 15 evidence to mndicate that mast cells function 1n promoting the
local cscape of these and other large storage protemn molecules by re
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X

ceyeral taal for certan types of processes en
hances it value Breaking a limhage such ag that betwien stored hustamme
and heparm n granules of mast cells, 18 advantageous beeause nstamine
ancrenses capyliary permeahihty and hepann deters coagulation The hink-~
sge between hust and heparin factlitates storage of these two power
ful and fughly active physiologieal substances by runderng them smactive
Furthermore glucuronie seid, glucosamne and .ulfune acid groups may
be relessed from heparmn or other forms of AMP In turn, these substances
may be related to AMP metaboliem of other cells, such as mucmogen se
ereting cells, or to detovication of substances in locahzed areas

The sequence of formation and lyss of the free connective tssue ceifs s
netther clear eut or guantitative, nor do the same time nters als obtamn
Similarly, there are fluctuations in time mtervals and n the quantity of
vanous substances m the tt sue flud of locahized areas For example, the
wtracellular sturage of protem durmg the transformation of tymphocytes
nto plasmacyies follows a Iapse of time duning which there 15 a sygmfic.nt
werea ¢ in extracellular protein as a result of capilary leakage The for
matwon of plasmacy tes 1s related to tymphoevtie mfiltration and the avail
Attty of prottm 1n the extracellular fud In turn, extracellular protein
depends upon (1) increa ed capilary permeabibty and the duration of
capllary leakage (2) the number of necrotic cells (3) the number of extra
vaeated erythrocytes and other blood cells, (4) the number of infiltrating
tymphocytes and (5) the retention of these colls and other =ubstances bv
the fibmn network. Disintegration of most of the plasmacy tes occurs dur
ng the period of growth of the replacement tissue However in subchrome
mflampation the eausative factor 19 mtermittentlv cffectsve wd conse
quently, the repl b protess 19 prol d Theref more plasma
«ytes are formed because there 13 repeated exudation of protemns and longer
sntervals of tywe than those that occur 1 a proce s such as healing by first
ntention

The numbcr of mast cells m muerferaus glands 1s <o related to the ex
tent of the ground sub tance underlying the mueigen secreting b colar
cells In 1mple epithelium, such as the hning of the fask <haped muceius
glands i the ribint appendix® where mast of the cells are secreting muey
gen the underly ing connective tiesue usually has relatively fes mast cells
However the ¢ tissue ad, to other glands such
a8 the sublingual salnary and Brunner s glands 1 the hamster contamns
many disinte_rating mast eelis ® 7 § 8 These mast cells may be an important
source of AMP wd by this means have a dircet relation to the muem
secreting abveolt 8 7 8 % The primary function of the mast granules or therr
components released from the mast cells s ocated with Brurmer s nnd the
subbngual salivary glands, mav be to release histamine to provide for 1
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absent durmng another Mast cells are most conspicuous between thetr
pertods of trephocytic activity because at this tume they are synthesizing
and stormg substances to be suppled to other cells later Thus, the effects
of these cells are not obvious during the stage in which they are most
abundant, and, as the contents of their granules are released, they lose
therr 1dentity

Substances released by mast cells may facilitate protemn synthesism a
structure within an organ, such as the 1slands of Langerhans, within an
organ of a system such ag in the mammarv gland during lactation, orin a
delimted area of an organ, such s a lobe of a gland Mast cells play s sig
mfteant part 1 the regulation of normal processes, espeetally those which
are mtermuttent 1 function The salivary glands and capillary beds, for
example function mntermittently, that 13 they are subject to pertods of
hy peractivity and of hypoactivity Mast eells, lymphocytes and plasma
cytes store m an mactive form, substances which are available almost 1n
stantly and m appropnate quantities during perrods of activity of the.e
organs The mast cells release histamine to mcrease capillary permeability
and to obtam a readily available supply of plasma, as well as enzymes pro
terns and other substances from the bload, for local use Aectd mucopoly-
saccharides (AMP) from mast granules may furmsh substances for the
secretton of mucin Lymphocytes and pl ytes release ted
nucleoprotein by dialysis, budding or Iy s1s and thus facilitate protemn syn
thesis n alveolar cells during periods between active seeretion, at which
time capillartes are not usually dilated Formation of plasmacytes from
lymphocytes in the connectrve t1ssue around aly eolar cells indicates that the
transforming cclls are retammng protemn for later usc by alveolar cells,
possibly while capillary permeability 1s not being mcreased Thus in the
salivary glands, plasmacytes and lymphocytes merease companents for
protein synthe=is n active alveolar cells

Principles Intolved

The formation and lademmng of free connective tissue cells with sub
stances for use by other cells 15 just as important as the disimtegration of
these cells and the release of the stored trephones The formaton of trepho
¢y tes within connective tissue m contrast to those which are blood borne
@ives them optimal opportunity to regulate localized growth or physiolog
cal proce es For cxample the formation of granules in mast cells repre
vents the synthesis and storage of histamme heparin posstbly serotonin
and/or other sub tances Also 1t represents the withdrawal of substances
from the extracellular flurd where they are not readily controlled to mtra
cellular and mnactive storage combinations which are more easily regu
lated and controlled Alco the ability of a synthesizing and storing cell to
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combine several essential components for certamn types of processes en
hanees 1ts value Breaking o linkage such as that between stored histamine
and hepann in granules of mast cells, 15 advantageous becau e histamme
mcreases captllary permeabihity and heparnn deters coagulation The linh
age between histamme and hepann facthtates storage of these two power-
ful and highly active physiological substances by renderng them mactive
Furthermore, glueuronic acid glucosamme and sulfuric acid groups may
be released from heparn or other forms of AMP In turn these substances
may be related to AMP metabelt m of other cells, such as mucinogen se
cretmng cells, or to detoxication of substances in localized areas

The sequence of formation and lysis of the free connective t1 sue cells 1s
neither clear cut or quantitative nor do the ame time mtervals obtam
Similarly there are fluctuations i time intervals and in the quantity of
various <ubstances 1n the tissue flmid of localized areas For example, the
ntracellular storage of protemn during the transformation of Iymphocytes
1mto plasmacytes follows a lap e of time during which there 1s a sigmficant
merease n extracellular protein 2s a result of capillary leahage The for
mation of plasmacy tes 1s related to lymphocytic mfiltration and the avail
ability of protein m the extracellular luid In turn, extracellular protemn
depends upon (1) mecreased capillary permeability and the duration of
capillary leakage (2) the number of necrotic cells (3) the number of extra
vasated erythrocytes and other blood cells (4) the number of mfiltrating
Iymphoeytes and (5) the retention of the e cells and other substances by
the fibrin network Disintegration of mo t of the plasmacytes occurs dur
mg the perod of growth of the replacement tissue However, 1n <ubehronic
mfammation, the eausative factor 1s ntermuttently effective and conse
quently the 1 it process 1s ! d ‘Therefore, more plasma
cytes are formed because there 1s repeated exudation of proteins and longer
mtervals of time than those that occur 1n a process such as healing by first
intention

The number of mast cells 1n mueiferous glands 1s al<o related to the ex
tent of the ground substance underlying the mucigen <eereting alveolar
cells In simple eprthelium such as the iming of the fla k shaped mucous
glands in the rabbit appendix?® where most of the cells are secreting muc
gen the underlying connectrve tissue usually has relatrvely few mast cells
However the connectrve tissue adjacent to other muciferous glands, such
as the sublingual salivary and Brunner s glands n the ham ter contans
many disintegrating ma tcells® 7 8 These mast cells may be an mportant
source of AMP and by this means have a direct relation to the mucin
secreting alveol1 7 52% The primary function of the mast granules or their
components released from the mast cells associated with Brunner s and the
sublingual sahvary glands, may be to release nstamine to provide for m
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absent during another Mast cells are most conspicuous between ther
periods of trephocytic activity because at this time they are synthesizing
and storing substances to be supphed to other cells later Thus, the effects
of theee cells are not obvious during the stage i which they are most

bundant, and, as the tents of their granules are released, they lose
their 1dentaty

Substances released by mast cells may facilitate protemn synthess 1z a

structure within an organ, such as the 1slands of Langerhans, within an
organ of a system, such as m the mamm iy gland during lactation, ormn a
delimited area of an organ, such os o lobe of a gland Mast cells play a sig
mificant part 1n the regulation of normal processes, especially those which
are ntermittent n function The saltvary glands and eapillary beds, for
example, function intermuttently , that 15 they are subject to periods of
hyperactivity and of hypoactivaty Mast cells, Iy mphocy tes and plasma

cyies «tore, 1n an inactive form, substances which are available almost m
stantly and m appropriate quantities duning periods of actisity of these
organs The mast cells release lnstammne to merease capillary permeability
and to obtain a readily available supply of plasma, as well s enzymes, pro

temns and other substances from the blood for local use Acid mucopoly

saccharides (AMP) from mast granules may furmsh substances for the
secretion of mucin Lymphocytes and plasmacytes release concentrated
nueleoprotem by dialysis budding or Iy s and thus facilitate protern syn

thesis in alveolar cells during periods between active sgeretion, at which
time cipillaries are not usually dilated Formation of plasmacy tes from
1ymphocy tes in the conncetive tissue around alveolar cells indicates that the
transforming cells arc retaming protein for Inter use by alveolar cells,
possibly while capillary permeability 1s not being mereased Thus, mn the
salivary glands plasmacytes and lymphoeytes inerease components for
protein synthesis m aetive alseolar cells

Principles Involved

The formation and ladening of free connective tissue cells with sub
stances for use by other cells 1s just as mmportant as the disintegration of
these cells and the relcase of the stored trephones The formation of trepho
eytes within connective tissue m contrast to those which are blood borne,
gives them optimal opportunity to regulate localized growth or phystologt
cal processes For example the formation of pranules 1n mast cells repre
sents the synthess and storage of histamine hepanin possibly serotonin
and/or other substances Al<o 1t represents the withdrawal of substances
from the extracellular fluid, where they are not readily controlled tointra
cellular and 1nactive storage combinations, which are more casily regu
lated and controlied Also the ability of a synthestzing and storing cell to
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cleotides, enzymes and other substances as forming a very important part
of the trephocy tic contribution {trephones) to recipient cells However, 1t
18 reasonably safe to assume that these functional procesces mnolve ex
tremely delicate and heated ¢! | changes mediated to a great
extent by mnorganic catalysts, coenzymes, enzymes, 1ons and changing os
motie pressures An outstanding modification of this rule 1s mamfested by
those oocytes which engulf and digest their nurse cells

The general relations of some trephocytes to their recipient cells are well
understood such as ovanan follicular cells and the recipient oocyte, others,
such a3 phagocytes and erythrocytes, are best known for their speciahized
functions with hitle conaderation being given to therr trephocytic func-
tions Interstitial cells of gonads arc considered to be trephocytes $* endo
erme cells*®S or special phagocytes 493 The trephoey tie nature of other cells
such as microgial cells has been overlooked by many mestigators All cells
exert a certain amount of chemieal regulative or other effect upon other
cells, therefore, 1t 18 af that any functional classification of trepho
cytesisonly empnieal and that 1t 1s1mpossible to formulate a plan of clasay
fication of cells on a physiological basis which would be free from erious
objections Trephocytes have multiple functions and <ome <upply various

substrates and catalysts, e g, fia and phosphorus and
enzymes, e g, deoxyrbonuclease (DNAase), hyaluromdase, nucleophos
phatase, 1 dase, nucleotidase, thy Jeodepolymerace and nibo

nuclease (RNAase)

The quantity of substance supphed 15 relatively great in <ome mnstances,
as 1n the case of egg nurse cells or follicular cells However an mfimtes:
mally small quantity of substance may be mo t important m converting

certamn nueleic or cytopl bst mto deoxynt et acid
(DNA), ribonucleic acid (RNA) or adenosie triphosphate (ATP) or in
the utilization of phosphorus in synth g various protems

polysacchanides and other substances essential to the physiologieal proc
esses of the cell organ or organism

Most cells may release certain amounts of growth promoting substances
at death Thus the fact that a cell 1s dymg does not in 1t elf mean that 1ts
substances especially RNA, are not available to other viable cells 97 In
deed Marchand (1901) ted that d d tissue liberates ‘growth
promoting substances and several later workers <upport this 1dea 135 87
Guterz {1920) attributed this growth stimulating function to necrohor-
wmones duced by d g nueler 135 Montefosel beheves that

products of cell degeneration are always rich in RNA ’ Englert 87 suggests
that the active factors m proliferation promoting substances relea ed by
injured cells are “partly due to hydrolytic products of nuclede acid ? which
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creased capillary permeability because these glands secrete intermuttently,
rather than continuously, as do the goblet cells Other mucigen secretmg
glands, which are charactenzed by the presence of very little connective
tissue between the muciferous alveoly, also contain many mast cells This
rule applies to the mucoserous glands in the tongue, olfactory membranes
and trachea, which are stmilar to the paired salivary glands of the hamster

‘The greater the avanabiity of AMP 1n the connective tissue ground
substance, the fewer the mast cells The lacrimal 1s a serous gland and con
tamns very few mast cell¢ The glands of hrause m the eyelid contain more
mast cells than the parotid or submandibular, but relatnvely fewer than the
sublingual glands 1n hamsters This 1s correlated with the fact that, al
though the glands of Krausc seercte some mueus 1t 15 1n a dilute form
Histologically Krause’s gland 1s a low form of seromucord gland, whereas
the sublingual salivary 13 almost a purely mucmous gland m hamsterss 7
Each secreting cell in hrause s glands 1s the same because there are no areas
1 the alvealt which are exclusniely mucus or serum seereting However
the marmn source of the AMP m connectrve tissues 1s fibroblastic cells

The varsous kinds of trephocy tic cells al<o differ in mobihity and motility
Mobile and motile protemn beanng trephoey tes mclude small lymphocytes
wheeh occur 1n all bodv fluids Tissue mast cells probably have restricted
motility but are not mobile Plasmacytes are between these two groups
becauce they are not permanently attached and are sometimes mobile and
may be slightly motile but are not normally present in circulating blood
In 1ddition to being, a <ource of the amino acids of plasma protemns Ivmpho
cytes and plasmacytes play an important part as trephocey tes by supplying
essential trephones such as nucleic acids histones, magnestum phos
phorus and certam eatalyzing enzymes Some of these substances would
probably be degradated destroyed di seminated or otherwise lost of the
reeipient cells had to depend entirely upon the plasma and tissue flurds for
therr delivery The expected result would be that the ¢ substances could
not be assembled 1n the proper proportions and amount at the eritical time
and site Comb of these substanees as o pachaged umt in the
lymphocy tes permits their transportation to the area and therr release at
the «ite where and when needed

Actwon of Trephocytes

‘The phystochemical methods by which the varous hinds of trephocytes
perform their functions ire not well known Some trephocyies releace their
trephones directly mnto trssuc or eireulating fitnds whercas the trephones
of others may pa 8 directly mto the reuipient cell Histochemeal and fluo
rescent methods have cnabled mvestigators to identify nucleie acids, nu



INTRODUCTION 9

and that lymphocy tes do not ¢ However, the above relations could also
be mterpreted to indicate that the plasmacy tes contained more of the fluo
rescein labeled antibody because 1t 15 a storage, as well as a syntheuizimg
cell The possibility 15 not eltminated that 1y mphocy tes may also be a source
of antibody which 1s immediately removed from this cell by cytoplasnme
budding or other mechanisms

Increases 1n the number of causative and reactive cells may appear to
parallel each other For example, eosinophils have been considered a source
of histamine because conditions 1n which histamine mereases are usually
accompanied by eostnophiia 8 When the histammne content 1s low ered, the
number of eosinophils decreases These apparent cause and effect relations
do not prove that eosinophils are a source of histamime Rather, they sug
gest 1ts disposal by eosmophils 8% 108 30 Tf eosmophils do have a
funetion 1n destroying histamine as Vaughn'®® believes, eosinophilia
would oceur m most stages of ncreased histamine except the very earhest
stage Thereby, a decrease 1n eosinaphils would appear to paraltel the fall
1 histamne

The histochemical characteristics of some trephocy tes are not evident
by the usual fixation and staimng methods For example, the mast cell can
not be 1dentified by the usual methods of fixation because 1ts basophilic
granules which are characternstic of this cell, arc readily soluble Changes
1 mast eells are seldom mentioned m de eriptions of shin lesions except in
urticana pigmentosa xeroderma pigmentosa, and lupus crythematosis m
lesions of which mast cells are greatly mcreased *

A more readily obvious function of a cell may overshadow an incidental
or obscure function The obvious function of erythrocy tes 1s transportation
of oxygen but disintegration of dead erythrocytes in the spleen and bone
marrow 15 a factor m protein metaboli m Phagoeytows by monocytes
hustioey tes and Kupffer cells 1s easily demonstrated by methods which have
been 1n use for many years However, function of these cells 1n protern syn
thesis and storage had to await the development of more recently devised
biochemical and biophy stcal methods The function of astrocytes as sup
porting cells i the central nervous system has been chiefly deduced from the
stribing morphological charaetersties whereas the biochemseal character
1sties apparently have not been studied 1n detail

Interpretation of the sigmficance of  tructures composed prmanly of
lymphoid tassue requires consideration of therr relation to body fluds The
lymph nodes and the spleen contam reticuloendothelal cells which are

filters of various body fluds However the reticuloendothelial (httoral)
cells 1 the spleen are wnterposed to filter out bactena certan parasites
blood corpuscles protein and other substances m the sy.temic blood The
Raupffer cells in the Irver function as a smilar filter ? which 1s nterposed
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probably are 1dentified with g d and nucleosrdes Thus,
by mjury or death, any cell may exhibit a form of trephOC) tic relation to
other cells
The supernumerary spermatozoa 1n poly<permy become trephocytes for
the cells of the developimg embry0'% chiefly by supplymng additional DNA
and some RNA,1% 19¢ and probably a sigmificant amount of hyaluront
dase®® and other substances Thus the cells of the embryo are the recipt
ents of the trephones released by death of the supernumerary germ cells 1
polyspermy and poly v itelliny, whereas the oocyte 1s the recipient of treph
ones supplied by the follieular cells of the ovary or by the nutritii e egg cells
Trephones re substances which arc usually synthesized or degradated,
and then releasced 1nto the eirculation or, they may be stored and trans
ported m eells to the site where they are released for use by other cells
Carrel®* holds that there are ‘hvpothetical substances ’ ealled “trephones”
which certan cells an the body produce for the use of other cells i formmng
their protoplasm The action of trephones 1s not necessarily <pecific, as 1s
shown by the fact that chick embry onic tissue may be cultured i meda
prepared from embry os of the mouse, gumnea pig or rabbit 258 Since treph
ones are not species specific one may be reasonably certan that therr
chief function 1s to supply certain substances in a readily avatlable form
Trephocy tes are probably widely distributed throughout the metazoa be
cause they oceur mn many myertebrates,®® 1n certan nsects®? and in most
of the vertebrates %09
Functions of trephocytes are sometimes overlooked because a cell may
liave more obvious charactenstics which are indicatis e of a rminor function
The granules of mast cells contain AMP which are easily identified by
many staning methods Granules of mast cells contain histammne as well
as heparin or other forms of AMP The chief importance of mast cells m
collagen formation 1s probably because they are a source of hstamine
whieh 1ncreases the permeability of capillaries and promotes leakage of
protems, enzymes and other substances mto the tissue flud
A second difficulty 1 estabhishing the function of certamn trephocytes s
that other cells may contain varying quantities of the same substance as
the trephocyte Recognition of changes tn the number of storage cells or the
amount of matertal 1n them 1s relatively easy, compared with detecting
the effects when minute quantities of that same substance are distributed
ubiquitously
Another pomt to be considered 15 that storage of a substance m one kind
of cell may result 1n empha 1zing 1ts function 1n synthesis of that substance
to the exclusion of synthesis of the same substance by other cells The lo
calization of synthesis of globulin following 1y of fl Ia
beled antibody 18 taken to indieate that pl tes synth antibodies
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by later investigators who have shown that both the nucleus and the nu
eleolus m eggs of the sea urchin (Arbacia) behave osmotically 46 Tt has
been demonstrated by the freczing microineineration technique that the
mumeral substances 1n varous celis bear a quantitative relation to each
other For instance ealeium and magnesium were generally hgh m the
nucleus, cell membrane and m certain other definite locations, hut the po
tassium content was high where the calerum and magnesium content was
low * Indeed, Churney® beheves that the immature eggs of Arbacia be
have almost a3 & perfect osmometer and that tho e of a marme worm,
Neres, are nearly as effictent The presence of nucleic acids in the nucleolus
as well as 1n the ey toplasm surrounding the nuclear membranes sug_ests
that RNA, DNA or their components n resting cells pass through the
nuclear membrane by dialysis rather than by being entirely dependent upon
dissolution of this mermbrane during the prophase stage to enable these
sub fances to enter the cy toplasm or nucleus Danchahoff (1916) observed
a‘k halie chromatic sub 1n the ¢y toplasm of starfish eggs which
she believed passes mto the nucleus for the purpose of contributing to the
growth of nuclear chromatin ** Many mvestigators report the passage of
nuelear chromatin mnto the cytoplasm

Ther¢ sppears to be a fairly definite DNA to RNA cquilibrnium 1n rest
g cells When there 1s an mmbalance between DNA and eytoplasmie RNA
sometlung rather drastic will hikelv happen to the cell, such as the imtiation
of mitosis or necrosis The explanation 15 not <o sumple as an mbalance
between DNA and RNA, 1n ether structure for the presence of these two
nueleie acids probably represents an interaction, if not the culmination of
a sertes of actaons of a number of enzymes coenzymes and catalysts (some
of which might be anticatalysts) on vanous substrates To illustrate this
pomt Caspereson'® stresses the importance of the nucleu< 1n protemn syn
thesis, but Bracheti® thinks that the cytop! les take preced
i 1mportance in this process Haurowitz and Crampton®!! cite worhs which
show that the content of peptidase in the eytoplasm of frog, oocytes 1s 1n
creased as the yolk protemns are bemg formed whereas the nuclear eontent
of peptidase remams low st this time Brachet!™ supgests another angle
by stating that the distnbution of sulfhydry? proteins and of ey toplasmic
RNA 15 equal, whereas the nuelear sap although rich in —S8H groups con
tamns no nuclere aeid

Nucel ol Interrel

Vanous lized normal ytopl relationships range from
the binucleate sporulating cells of Bactllus megathermum, the macro- and
mcronuclu of certam protozoa and the vegetative pollen tube nucleus 1n
pollen grains of Trad %97 to the ph Lnown as chromatin




10 LYMPHOCYTES AND MAST CELLS

between the hepatic portal organs and systemic blood The reticuloendo
thelial cells 1n lymph nodes have similar phagoeytic functions, but are
bathed by peripheral 1y mph composed chiefly of tissue fiuid

Often lymphoey tes and plasmacytes form aggregates m normal ttesues,
and are more conspicuous than <everal other cells which do not usually
form aggregates Also, eosinophils and neutrophils mfiltrate ticsues at an
carly stage of inflammatton or of wound healing and may have a function
m the cataboltem of components of necrotre cells  1n addition to the
phagocey tie function of neutrophils

Phagoey tosis of bactenia, India ink, other particulate matter, cells and
cell debris, 15 an obvious function of certain phagoeytes i the spleen and
lymph nodes and 1s readily demonstrated However further informatton
on the functions of 1y mphocy tes and lymphord organs in protein metabohism
depended upon the use of several of the more recently devised biochermeal
and tracer methods Use of paper electrophoresis has provided mnformation
on changes m the plasma protemn 1n many phy siologreal and pathologcal
conditrons Use of radioactive carban, ron mtrogen, phosphorus, sulfur
and other elements has proyvided information necessary for a better under
standing of the sy nthesizing and storage functions of cosmophils mast cells,
Iymphoey tes and plasmacytes

The formation of vartously differentiated cells from a single stem cell
15 1 regulatory mccham m Some hematologists” beheve that retrculo
endotheltal cells develop into histioblasts monocytes mast cells plasma
¢y tes and tissue cosmophils Condttions conducise to protein synthess may
cause the mcreased formation of monocytes winch have & very Iugh con
tent of RNA whereas excessive histamne and heparin in tissue fluid may
stimulate the formation of mast cells Thus, undifferentiated me<enchy mal
cells may retain <everal substances i an immediate area 1n addition to
forming monacy tes which pass into the blood

INTRACELLULAR SUBSTANCES AND FORCES

Substances within cells ire related to or are dependent upon nuclear
and eyvtop)1smu structures Intracellular substanees mnclude nuclae acads,
nucleotides’® and their dernvatives sulfhydryl protemns *** free protems
enzymes Vitamins salts lipids trace clements'®? and other matenals ¢
Most of these sub tances are often in intimate interrclationship with or
ganelles (mutochondna and Golg: apparatus), submicroscopie bodies or
mucrosomes, and obscure substances Some arc further complicated by
varying, degrees of polymenic®® 1onic 41® permeability or other relations
within the cell or 1ts medrum It 1s evident therefore that osmotic pressure
undoubtedly plays an mmportant part in the exchange of autotrephones as
w4s indicated by the early work of Hamburger (1902 to 1904) and venfied
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by later nvestigators who have shown that both the nucleus and the nu
cleolus 1n eggs of the sea urchin (Arbacia) behave osmotically 41¢ It has
been demonstrated by the freczin, micromeineration techmique that the
mineral substances 1n various cells bear a quantitatrve relation to each
other For mstance, calcium and magnesium were generally high in the
nucleus cell membrane and 1 certain other defimte locations, but the po
tasstum content was high where the calcium and magnesium content was
low 24~ Indeed Churney!® believes that the immature eggs of Arbaera be
have almost as a perfect osmometer and that those of a marne worm,
Nereis, are nearly as efficient The pre ence of nuclerc acids in the nucleolus
as well as 1n the ¢y toplasm surrounding the nuclear membrane!® suggests
that RNA, DNA or their components, in resting cells pass through the
nuclear membrane by dialysis rather than by being entirely dependent upon
dissolution of this membrane during the prophase stage to enable these
substances to enter the cytoplasm or nueleus Danchakoff (1916) observed
a ‘ basiphilic chromatie substance 1n the cytoplasm of starfish eggs which
she believed passes nto the nucleus for the purpese of contributing to the
growth of nuclear chromatin * Many mnvestigators report the passage of
nuclear chromatin mnto the cytoplasm

There appears to be a fairly defimte DNA to RNA equilibrium 1 rest
g cells When there 1s an 1mbalance between DNA and ey toplasmic RNA
something rather drastic will hiely happen o the cell such as the imtiation
of mitosis or necrosls The explanation 1s not so sinple as an mmbalance
between DNA and RNA, 1n exther structure for the presence of these two
nucleic acids probably represents an interaction 1f not the culmination, of
a <eries of actions of & number of enzymes coenzymes and catalysts (some
of which might be anticatalysts) on various substrates To nllustrate this
pomt Caspersson'#® stresses the importance of the nucleus 1n protein syn
thests, but Brachet!®* thinks that the cy toplasmrc granules take precedence
m mmportance 1 this process Haurowitz and Crampton*!! cite works which
show that the content of peptidase 1n the cytoplasm of frog oocytes 1s 1
erea.ed as the yolk proteins are being formed whereas the nuclear content
of peptidase remams low at this time Brachet!0* suggests another angle
by stating that the distribution of sulfhydryl protemns and of ¢y topla mic
RNA 15 equal whereas the nuclear sap although rich m —SH groups con
tains no nueclele acd

Nucl 7 7, lationsh:
Interr

Various specialized normal, nueleoey toplasmic relationships range from
the binucleate sporulating cells of Bacilus megatherum the macro and
micronueler of certain protozoa and the vegetative pollen tube nucleus 1n
pollen gramns of Trade cant1a®7 {o the ph known as ch
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ehmmation, or formation of chromidie, as designated by R Herlwig
(1802) 1 These relationships mvolve mtrieate, although well organized
but often obscure imterchanges betneen the contents of the nucleus and
the cytoplasm 1n the cell 103 106 167 183 44 747 9 973 Ouipochetings of the
nuclear membrane permit passage of material from the nucleus mto the
¢y toplasm,33 and associated dense chromosomal material releases material
into the ¢y tosome where cndoplasmic reticulum and cytoplasmic parircles
are formed 3% The fact that 1t 15 stated that the blebs of nuclear material
are as<ociated with heterochromatic chre 1 regions indrcates that
the matenal bemg extruded 1s chiefly RNA

Exchange of material between the nucleus and cytoplasm 15 usually by
dialysts of submicroscopic particles or substances Diffusion of partly
hydroly zed substances  which are not indicated by histochemical staining
methods % or dialys1s durmg the mterhinetic phase, has been considered
the method for passage from the nucleus to the cytoplasm Schrader and
Leuchtenberger®!® note that follicular cells of Hemiptera furmished nuelear
and cytoplasmie materal to the egg by extrusion through the nuclear mem
brane Another possibility may be extruston of DNA through pores n the
nuclear membrane, such as oceurs in cells 1n an aerd solution 7

Enucleation or nuelear mnjury has been used extensnvely to determine
nucleocytoplasmie interrelations As early as 1878 Claude Bernard recog
nized that the nueleus was essential for ecllular function and suggests that
1t 15 ¢ the cell organ w hich 1s most tial to synthetie bolism " 8 Be
cause of its recognized basic )} publication of this
was followed by a number of experiments w1th living, enucleated ova, pro
tozoa and other cells that extended over a period of years 3 714 8 3 110-gnd
which supported 1f they did not actually prove, Bernard’s 1dea Cham
bers! * summarizes the results of these experiments by stating that there
15 o recorded mstance m which cell diviston has ever been expenimentally
mduced or has occurred in the absence of an active nucleus or 1ts active
material except by the use of plasmolytic methods Apparcntly cleavage
of enucleated eggs may be mduced only m certan mature marne eggs m
which 4 small part of the nucleus 1s visible and may be removed the myor
part having become mvvisible by diffusing throughout the cytoplasm Con
sequently the nucleus of these ¢ggs which may cleave a time or two, has
mercly been serrously mjured at most

Those who are interested mn the mtcrprctnhon of some of the nearly un
believable varations of nucleocyt hips <hould also con
sult the more recent worhs of Horstadms und collaborators on the develop
ment of crucleated blastomeres of ea urchin eggs ¢ 7 Patterson and lus
colleagues and others deseribed the devclopment of the armadillo (Tatusia
novemewnctus) the egg of which normally produces four embryos, and
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Patterson also studied the polyembryome gall forming wasps (Paracopido
somopsis) n which a single egg 1s normally capable of producing dozens of
cmbryos 187 3033
The mtricate interchanges betwecn nucleoplasm and cytoplasm appear
to be affected by several factors, chief of which appears to be enzymes
which may differ 10 hind or 1n otber ways The eoncentration of only a few
enzymes appears to be higher 1n the nucleus than m the cytoplasm of the
cell However, certam other enzymes such as suceimie dehy drogenase are
absent 1n the nucleus although present in the cytoplasm *
Many vitamins werve with the enzymes as coenzymes or as cofactors m
affecting some of the nuck 1 mterrelat m cells Available
§ tion on the of the vitamins and minerals in the nu
cleus 15 probably more accurate than that obtamed for the cytoplasm, be-
cause the nucler m these msestigations were ucually removed from the
cells of the tissue by Behren’s method or a modification of 1t and analyzed
microbiologically Subsequently entire cells were analyzed and the cyto
plasmic value was usually taken to be the difference between these two
values Unfortunately, mjury changes may occur, and the myestigators
commonly give onlv the muclear to whole cell values As an example, Wil
Itams and co workers (1942) report that the nuclet 1 cardine muscle
contain 2 to 4 times as much folic acid, mcotinic acid pantothente actd
nboflavin and thiamine as the whole ecll, pyridoxine 1s about as equally
concentrated m the eytoplasm as mn the nucleus, and conver.ely, brotin and
mosttol were found to be more concentrated in the cytoplasm than in the
nueler *
It 1s a well established fact that, with o few possible exeeptions such as
a =ca weed #1% the cytopla m 1s quite unable to maintaimn 1ts internal mor
phology or to form new chemcal products 1n the absence of the nucleus, as
1s shown by Dounce (1952) ¥ The re ults <how that the cell dies wathout
reproducing 1tself*33 1 110 ang that the cytopla m has, at least 1 most
forms a determiming influence on the behavior of the nucleus especiaily
n ontogeny 10
The fi of autot m the physiol 1 tion of
certam cells 1s shown by the fact that removal of a portion of the cytoplasm
without injuring or disturbing the nucleus 1n unsegmented eggs of such amt
mals as nemertines ctenoph and moll cau ed developmental de
fects 1 embryos™® Tt has also been shown by microdissection that the
ameba will not, divide 1f an ntolerable amount of 1ts eytoplasm has been
removed However, after the orgamism has replaced 1ts missing cytoplasm
to near the normal nucleocy toplasmie ratio 1t renews aits mitotic actisity 2
Even a shght prick of the cytopla m 1 one of the primary blastomeres 1n
eggs of fresh water snails with  fine glass needle disturbed cleavage and
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caused the death of the embryos within 3 days 1% However, the eggs of
certain other anmals are so “organized” that fragments may undergo vary

1ng degrees of development and, in some 1solated blastomeres are ‘tot:

potent ’ and ma)y develop skeletal®®® or other parts, incomplete embry os or
normal but dwarfed embryog 18° 195 449 724 2107

Chromatin Elvmination

It 15 a well established fact that an apprectable amount of chromatin 1s
cast out of the normal nucleus during the prophase stage of mitosts m a
number of different cells espectally auxocytes 18 704 1016 110 which are
wdentrfied m the cytoplasm as chromidia*f? 1392 or later, as volutn®®
Bonneiie (1900) supgested that the process of casting chromatm out of the
nucleus mto the ¢y toplasm 1s not hmited to the maturing ovum, but may
also occur during mrtosis of all somatic cells 110 This tenct 1s historieally
signtficant beeause 1t anfers that trophochromatin (chiefly RNA) 1s needed
and utilized m the process of mitosis wherever 1t occurs and that 1t 15 not
limited to the formation of deutoplasm in the ripening egg cell More recent
work shows that chromatin ehimination, or extru<ion of DNA from the nu
cleus mnto the eytoplasm may oceurin any cell undergoing mitotic division
and oceurs m cells of ammals whieh range from a frog fluhe™ to mam
mals 1°7 It appears in the gametocy tes and continues during cleavage and
development 1 Ris and hleinficdd®®” used the cggs of 1 lepidopter (Soleno
bia) and regarded the chromatin elmmation as 5 means of elimmating
superfluous ribonucleoprotemn from the chromosomes In this connection
1t 1s mteresting to note that Brachet?® believes that cytoplasmic RNA
serves as a reserve matenal for the synthess of DNA by the chromo<omes
and for the synthesis of protein

The process of chromatin elmination from the nucleus with the forma
tron of chromdia¥'® afforded the earliest visible support of the tenet that
there 1s an intimate interdependence betwcen the nucleus and the cyto
plasm It 1s now generally recogmzed that there are obhigatory relatron
ships between the nucleus and the cvtopla m, that nuclere acids sre m
ereased 1n both the nucleus and evtoplasm during the resting stage and
that immedrately after mito is the amount» of DNA in the nucleus and

of the RNA 1n the ey topla~m are markedly reduced in the forming daughter
Cc“s 104 416 807

Intracellular Protein Synthesis and Storage

An abundance of extracellular protein 1s e« ential for actis ¢ mtracellular
protemn <ynthe 1s Likew1 e, a proper relation<hip between extracellular
and wntracellular salts amions and cations, must be mantained as a pre
requisite for efficient evtra and ntracellular protemn metabohsm before
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intracellular synthesis and storage of protemns can be effected Several
structures within cells, including the nucleus nucleolus and cytoplasmic
melusions, hate a certain degree of “storage function for intracellular bio
chemical proce ses Also, free amino acids, enzymes and other substances
oceur 11 the cytopla m The free intracellular components are probably
primanly concerned with itracellular metabolism Howesver, the storage
organelles 1n trephocytes may have appreciable significance m the me
tabolism of other cells locally, or 1n supplying substances for body fluids,
espeerally for mtercellular fiid The migmficance of trephocytes should
also be considered in relation to the posstble funetions of their organelles
but 1n some trephocytes the organelles are depleted or msigmficant 1n the
mature cell

The cell organelles include cell melusions organoids particles cellular
particulares,!1® ¢y tol 1 constituents, 1% the , or small par
ticles 1% and secretory granules * These organelles are present 1n the
eytoplasm of most cells, especially secretory cells Other designations used
for ¢ytoplasmic inclusions which have not been adequately descrtbed but
should be mentioned are ultrachondriome (posstbly a phase of mitochon
dria) ob erved by Porter and Thompson (1947) * ! and particulate glob
ules {a general term apparently intended to include mitochondria, granules
and others)

The ty pes of cell organelles mentioned here are the Golgr apparatus (G
bodies) mitochondria (chondri omes)11® and microsomes {cytoplasmic
particles 50 to 200 p in drameter) 198 All three of these organelles occur mn
the eytoplasm of most animal cells from protozoa to man and 1n the cells
of many plants Cell organelles are generally pleomorphie structures which
are capable of division during mitosis of the host cell and, like ehromosomes
of reconstructing the entire organoid complex from the reduced amount
remaining 1n cach of the daughter cells 110

Golg! apparatus and mitochondra are readily soluble i Itpord solvents,
are argentophilic (especially the Golg: apparatus)***® and blacken when
treated with o mic acid This indicates that both structures contain lipords
While the Golgi apparatus 15 1n the granular or filtform stage, 1t 1s very
difficult to di1 tinguish 1t from mitochondna n a stmlar stage

It appears that the chief importance of cell organelles stems from their
content of, or effect on active enzymic substances These substances are
essent1al to the metabohsm of the cell and melude enzymes which are
usually thermolabile colloidal proten substances %% coenzymes which

are thermostalnle diahizable non protein substances 31, imorganic cata
lysts (eg caletum cobalt magnestum) and substrates meluding nucleo
tades and their derivatrves Most of the enzymic reactions require a very
delieate arrangement and balance of the substances and conditions that
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form the medium m which they function A sery shght quabtative or quan
titatve deviation in this medium may readily result m alieration, reversal
or complete failure of the function of certain of the enzymes

‘There 15 a tendency to regard microcomes mitochondria and the Golgt
apparatus as physiologieally and chemreally sumilar, but morphologieally
different structures 1112 Worley and Spater!! ¢ found evidence suggesting
that ‘Golgi bodies and mrtochondria may at times form complexes between
themselves or that mitochondrial material may become ineorporated 1nto
the Golg: <pheres ” They potnt out that Adamstone (1950), Parat (1928)
and Oliver (1948) have contributed mformation which supports their ob
servations and that Ralph (1946) states that the granules of eosmophis
‘appear to be composed of a nonlipd substrate ‘saturated with acetone
soluble hipids and  thin surface film of phosphobiptd ” which suggests “that
these lipids represent the Golgr mitochondria complex 1108 Worley and
Spater!! ¢ cite nork of other mvestigators which indieates further relations
between Golgr apparatus mitochondria and mast cell granules, for the
techmgues used to show Golgr matenal and mitochondria demonstrated
only mast granules

Eichenberger” ® found by electron mieroscopy that about 10 days after
the mitochondrrs had becn depleted 1n certain cells of the kidney by mtra
penitoneally mjecting mice with egg white the arganelles redeveloped from
nucrosomes apparently by aggregation Worley*™® suggests that the idea
that the Golgi elements arse de noro may be explatned by the aggregation
of particles of submicroscopre size Palade ™ observed that the mitochon
dnia 1n the cells of all trssues exarmined had a membrane 7 to 8 my thick
which effectively <eparated them from the general ¢y toplasm and supported
ty prcally arranged christae mitochondrales His work supports the findings
that some, 1f not all mitochondna contamn phospholipids, protems and a
certain amount of RNA They are also assoct ited with many enzymes some
of which apparently ‘are bwilt up of a great number of enzymatic
units # wwhich are capable of a surpnsingly wide range of ovidative ac
trvaties  coupled with the phosphorylation of ademne nucleotides,” and a
capacity for certain synthetic processes All of these mdreate that mito
chondria play an mmportant part mn the cell s physiology and apparently
are the chief ource of the sy stem of the supply of energy for the cell The
very distinctly dafferentiated Golgy apparatus snd rattochondria 1o the
cells of =arcoma 180 reminded Worley and Spater © ‘ of the spherical
Galgt bodres as representing aggregattons of Iipoidal substances 1n areas
of diffuse Ispord and of the mitochondria as omewhat similar aggregations
of matenal sithin the rbonuecleie acid contaming cytoplasm  Electron
microscopy shows that the Golg: substance has both osmophilic and osmo
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phobic components ! to contam phospholipid and to be a ‘dynamre con
stituent of the cell 7

Ty pieal examples of Golg bodtes and of mitochondria are easily identt
fied but differentiation of these two cell organelles may be difficult or even
mpossible 1 ectioned material Some investigators believe that for vital
staming methylene blue 15 specific for Golg bodies and Janus green B
{for mitochondria, but others have had httle suceess in staming Golgi bodies

at all, and mitochondria were stained with difficulty except postvitally 111°
1m0

THE NUCLEOLUS

The true nucleolus consists chiefly of RNA It 1s beltesed to function m
protemn synthesis and storage within the nucleus, and to be related to the
vanous aspects of cellular protein synthests Many investigators have re
ported the extrusion of nueleolar substance mnto the cytoplasm as a eom
mon O whereas 1 this process 1s believed to be con
cerned wath the formation of protem yolk 112

A number of papers published 1n the 1880 s and 1890 s contained state
ments indicating that nucleol are centers for the elaboration or storage of
chromatin  hinetoplasm,” ‘ plastin ” nuclele acid and other substances
destined to play a defimite part 1n nuclear functions 17 Some of these 1n
vestigators beheved that there 15 & very sigmficant interrelationship be
tween the nucleolus and the chrom (heteract tin, or RNA and
euchromatin or DNA) and between the nucleoplasm and the cytoplasm
1m hiving cells from plants and Protozoa to mamimalg 18 # 8 110

The term nucleolus was used m a paper by Bowman as early as 1840 327
but 1ts structure and functions remained 1 mystery until the use of RNAa.e,
DNAase and various selecttve staming metheds (including Feulgen s) be
came available Earlier mvestigators believed that the pucleolus prob
ably held reserve matenal of the nucleus " that “t was an accumulation of
nutritious matenal for the formation of chromatin and some linked 1t

with yolh formation 337 1% Straschurger believed that since the nu
cleolus 1s tructureless 1t must play a passive part i cell physiology, and
the 1dea that the nucleols merely float freely m the nuclear sap” was com
mon 337

The nucleolus characternstically disappears from the nuclens as the nu
cleat membrane disappears during propha.e and agam becomes conspieu
ous during the resting or mterhmetic phase of the mitotic cycle Thus, the
nucleolus 15 sometimes considered to be in interhinetic cell organelle which
forms 1ts nbonucleoproten during the telophase while the chromosomes

also are reforming ®'3 Brachet!® states that Hyden and Caspersson beliey e
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form the medium n which they function A very shght qualitative or quan
titative deviation in this medium may readily result in alteration, reversal
or complete failure of the function of certain of the enzy mes

There 1s a tendency to regard mcrosomes, mitochondria and the Golgt
apparatus as phystologically and chermieally similar, but morphologteally
dufferent structures 111? Worley and Spater' ® found evidence suggesting
that “Golgt bodies and mitochondria may at times form complexes between
themeelves or that mitochondnial matenal may become incorporated 1nto
the Golg: spheres ”” They pomt out that Adamstone (1950), Parat (1928)
and Oliver (1948) have contnibuted information which supports their ob
servations and that Ralph (1946) states that the granules of eosinophils
“appear to be compo ed of a nonlipid substrate *saturated with acetone
soluble liprds and a thin =urface film of phospholipid " which suggests “that
these liprds repre cnt the Golgi mitochondria complex  "'7°% Worley and
Spater®? ¢ cite work of other investigators wiich indicates further relations
between Golgr apparatus mutochondria and mast cell granules, for the
techniques used to show Golgi matertal and mitochondria demonstrated
only mast granules

Eachenberger ° found by electron mueroscopy that about 10 days after
the mitochondria had been depleted mn certun cells of the kidney by mtra
penitoneally mjecting mice with egg white the organelles redes eloped from
miucro~omes apparently by aggregation Worley11® suggests that the 1dea
that the Golg elements arisc de novo may be explained by the aggregation
of particles of submicroscopic size Palade’- obseryed that the mitochon-
dria 1 the cells of all tissues exammed had a membrane 7 to 8 mp thih
which effectively separated them from the general ¢y toplasm and supported
tvpieally arranged christac mitochondrales His work supports the findings
that some if not all mitochondma contain phospholipids, protemns and a
certain amount of RNA They are also associated with many enzy mes, <ome
of which apparently ‘are built up of a great number of enzymatic
units ” which are capable of a <urpnisingly wide range of oxidative ac
tivities, coupled with the phosphory lation of adepine nucleotides ’ and a
capacity for certain synthetic processes All of these indicate that mito
chondria play an important part m the cell s physiology and apparently
are the chief <ource of the system of the supply of energy for the cell The
very distinetly differentiated Golgi apparitus and mitochondria n the
cells of <arcoma 180 reminded Worley and Spater'® ® of the sphertcal
Golg: bodies as repre<enting aggre s of Iipordal substances i areas
of diffuse tpord and of the mitochondria as <omew hat stmilar aggregations
of 1 withm the rb lere acid cont cy toplaste ' Electron
microscopy shows that the Golgt substance has both osmophilic and osmo
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During the intermitotie phace this type of nucleolus may become intensely
basophahe Wil on™®” points out that the same nucleolus may be oxy phulie
at one time and basophilic at another, and, that oxy philic nucleoh are more
readily digested by pepsin than are basoplulie nucleolt He wisely concludes
that the changes 1n staimng reaction of the nucleolus are due to changes
the chemical constituents or i their proportions, for a charactenstic of true
nucleol: 15 a lugh RNA content 143 2 413
The chromo ome nucleolus or karyosome 13 composed chiefly of chroma
tin matenal and commonly persists as a strongly basophihic, spheroidal
mass within the mterhinetic nucleus Thus, 1t charactenstically contams a
igh proportion of DNA 13 The amphinucleolus has becn called a evtolog
cal alibi for 1t 15 es entially a double nucleolus part of which 13 composed
of truc nueleolar {high RNA) substance, and part of chromosome nucleolar
(high DNA) substance Wilson!!® <tates that this type may gnenseto a
true nuclcolus and a chromosome nucleolus within a smgle nucleus Schultz
and co workers *1? aiting the work of Baur on chironomid flies pomt out
wide vanations m tamng affinity of the nucler of closely related species
Others have ob erved sumilar differences m individuals of the <ame spe
fieg 110
There 13 abundant proof of the of Ji leol1 1n which one
area 18 basophilic and another 1s oxy plahc, of multiple nucleolr (the num
ber of which 18 thought to be correlated with the number of genomes mn
certamn plants)? ¢ m which all or approximately half of the two to dozens of
nucleoll may be basophlic and others oxyphilic and of a basophilic nu
cleolus accompanied by acidophhe chromo omes ¢ T he e mixed staimng
reartions pose a problem m cell metabol which 1s letely under
stood Cytolog: ta have been fairly successful in correlating the basichro
matic and oxy chromatie changes with mitotic pha es It 1s now generally
acknowledged that while the nucleus 1s without a membrane dunng the
later part of the )s the true nucleolus disapp and that 1t under
goes dissolution and contributes an appreciable amount of 1ts substance
chefly pentose nuclere acid (including RNA) to the eytoplasm 3104 416 sn
973 1018 130° T he typical nucleol RNA rich heteroch m and
15 now believed to regulate the sy nthesis of evtoplasmic proteins 18 11
N wrradiation (10000 r ) of neuroblasts m grasshoppers durmg the telo
pha e caused the characten tically dual nucleol to subdivide into everal
spherical masses but irradiation apparently had no visible effect on the
nueler when administered during any other stage of mitosis 143 After g Iapse
of 20 to 35 minutes ultraviolet irrachiation (2250 to 3130 A ) caused the
nucleolus of graschopper neuroblasts to fragment and form about 1p
Inghly refractile spherules 1r vitro These and other reactions sugge t
that the ultrwviolet rays affect both the nuclete aeid and the pratesn in the
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that nucleoprotein« nggregite near or pass through the nuclear membrane,
but “the reverse 1dea, that the cytoplasmic nucleoprotems diffuse through
the nuclear membrane and converge mn the nucleolus cannot be completely
excluded’

Casperseon thinks that cuchromatin controls the synthests of the com
plex, speerfic proteins of the genes and that heterochromatin regulates the
sy nthesis of lustones which accumulate mn the nucleotus and later diffuse
1nto the cytoplasm 1% Monne postulates that the cuchromatin synthexzes
the nuclear sap and by 1ts mtervention regulates catabolism within the
cell, and that the heterochromatin controls anabohsm by msuring the pro
duction of RNA wathin the cell 1ot Other mnvestigators believe that only
heterochromatin contams both RN'A and DNA 104

It has been ponted out that in certun ways ‘ the tudy of the nuclcolus
oceupiea a hey posttron in the analy sis of the mterrelattons of the nucleus
and the cytoplasm 213 Brachet0¢ believes that the “nucleolus 1s composed
of histones nssociated with mbonuclete acid m vary ing proportions ” Schultz
and co worhers®¥3 point out that the nucleolus re embles ) toplasmie struc
tures m contaming RNA but that ‘ Iike other genctic effects, 1t 1s related to
a defimte locus m the chromosomes * Brachet!®* belteves that heterochro
matm m the chromosomes grves rive to the nucleols to which they are at
tached He al<o states that the nueler of males contain more RNA but less
of the histones than the nucler of females

Schultz and co workers®™® point out that the nuclcolus m Drosophila
melanogaster has been shown to be asseerated with the heterochromatm of
the \ and the Y chromo omes tnd that the heterochromatic regions 1n
the mucleolus and the cytoplasm  produce the nibonuclewc actd com
pounds These mvestigators think that the development of the nucleolus
follows a pattern of gene function the mbonucleoprotemn 1> formed at
telophase and 1n endomitotic nucles grons parallel with the growth of the
chromosomes ’

Laving nucler of certan plants and Protozo1 appear to be compo ed of
highly »1 exd jelly when examined by microdrssection When the nuclear
membrane of a Inving <omatic anmml cell 1s torn  the :immedrate effect of
the mjury 1s 4 di <olution of the nucleolus ! ® In general the worhs of
Beams® and Beams and Rung ®in wineh ultracentrifugal wethods were
used indicate that the formed nuclcolus has the ghest specific gravity of
any of the nuclear substances

Cvtologists recogmze at least three loo ely defined types of nueleoh by
thur staming reactions The true nucleolus (plasmosome of Ogata 1883)
was dentificd as st uning, with pla m2 or saxdic dyes by Ogatain 1883 v
It 18 known that this oxy philic reaction 1¢ not a dependable eriterton be
cause 1t 13 faurly well correlated wath the propha e stage of the nucleus
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phosphatases, RNAasc and about half of all the e.terase and RNA 1 Iiver
cells have been found 1n the microsomes 1n embryonic tissues and m adult
tissues and tumors

Differential centrifugation of Iiver, tumor or other homogenates 15 the
usual procedure for obtaining Bradfield!®® indicates that the
enzymic activities usually ascribed to these bodies (they are not usually
ranhed as high as organoids) when centrifuged at 18,000 g remain in the
supernatant 1 to 2hours The centrifugate may erther be examined with the
electron microscope or tested for enzyme actrvaty to determme whether 1t
contams microsomes This method probably never yields anything near a
pure suspenston of microsomes because 1t would be expected to melude
ir of cells hondria Golg: apparatus and possibly other ma
ternals Bradfield!%® sounds a note of warning on the method of differential
centrifugation by stating that 1t 15 not known whether the substances 1 the
supernatant “are freely di solved in the protoplasm  or  are eluted
from the particles during separation This question of yield and punty
of the matenal thus obtained (and of 1ts evaluation) has been discussed at
length 348




20 LAMPHOCYTFS AND MAST CELLS

nucleols 13 Other writers present results which indicate that irradiation af
fects the euchromatin 1n the nucleolus, as 1s suggested by the vacuolation
of both the nueleoh and chromatin particles 8

Dearing “ finds that somatic nucleols (usually two m an epithelial cell)
of the urodele, Amblystoma tigninum, are portions of distinctive chroma
somes He also states that when the interhinetic nucleolus 1s stamed by the
Feulgen method the peripheral granules are distinet, but “the center never
takes the reaction” This characteristic plus the fact that, although the
entire nucleolus stains deeply with Heidenhain’s hematoxylin, the pertph
eral granules retan the dye more tenaciously during excessive destaming
with tron alum, mndicate that these nueleol are chemically related to the
amphinucleol of earlier investigators,®® 348 4 and, that the center of the
nucleolus 1s composed chiefly of RNA which 1s enveloped by a relatively
thick layer of DNA granules which form ‘nucleolar associated chromatin
Sharp® ® suggests that the presence of a stamable sulphuric ester of a
polysacehande 1s responsible for the affinity of part of the nucleolus for
1ron hematoxylin When the results of these staining reactions are assoct
ated with Deanng’s ? stat that the nucleolus b chr hob
and disappears by gradual dimmution rather than by fragmentation duning
the middle prophase, the autotrephogenic nature of these somatie nucleoli
and their interrelations with nuclear chromatin become obvious

MICROSOMES AND SECRETORY GRANULES

Microsomes are another intracytoplasmic source of RNA The micro
somes or small particles 187 are nearly submrcroscopic granules which range
from 50 to 200 mp 1n diameter *° The electron microscope shows that
small microsomes have a linting membrane and are small (10 to 25 mg)
mtermediate (20 to 80 my) and large (70 to 150 mp) 9 ©

Cells of the submaxillary gland and pancreas contain a high proportion
of microsomes compared with cytoplasmic particulate fractions in the ad
renal thymus and 1n some tumors ™ Approximately 80 per cent of all the
RNA 1n the cells of the submaxillary gland 1s associated with the cyto
plasmic microsomes and non sedimentable proteins 78 Claude (1943) sug
gested that microsomes and secretory granules may have a common origin
and that either majy contribute to the constitution of the other 578 Micro
somes and secretory granules are composed of phospholipids and ribose
nucleoprotems However mucrosomes have 40 to 45 per cent ipid whereas
secretory granules have about half as much (20 to 24 per cent) Iipid
Woolley determined that the amounts of mositol a B vitamin are propor
t1onal to the amounts of lipids 1 both microsomes and secretory granules 167

Microsomes of normal animals contain a variety of enzymes certain
substrates and other essential substances Catalase, dipeptidase, various
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7 admimstration of cortt one over a long peried ° However, RNA 1n
hepatic cells was tgnificantly neressed m pregnant rats dunng the last
wech of gestation 13*

The amount of ¢vtoplasmie RNA n basophils of the antertor pituitary
gland also fluctuates Cytoplasmic basophilia 1 basophuls of the antenor
pitwitary 15 attnbuted to the presence of RNA because basophiba 1s de
creased following treatment with mbonuclease (RNAase) # Rtructural
and physiological changes n pituitary basophiis have been correlated
with reproduction and with fluctuations of met iholi min a hibernating bat
Myotis lucrfugus 1% Basophilic cells i the pitwitary ncrease i thyroun
it and after ration of thiourca 3 Prolonged admimstra
tion of adrenocorticotrophe hormone (ACTH) decrea ed basopliha in
the antenor pitwitary There v as also lo s of weight of the by pophy 15 and
depression of ate functions but the acidopinles were not altered ¢ Es
trogens eaused degranulation of ba oplulia in this gland '3 Extracts of
basophihie ti sue from the hy pophy s1s have greater concentrations of thyro
trope adrenctropic and gonadotropic hormones than the more predom:
nantly acidophilic and chromophobie portion of the anternor pitwitary of
cattle® 1

"The lagh rate of protein synthe 1810 various cells of the antenor pitutary
suggests that these cells may al o be provided with satellites or trepho
cytes Shankhin® 7 found that areas of lymphocytes and lymphod tissue
occurred 1 43 of the 100 human pituitanes examined and were u ually
present in the pars mtermedia [he poative cases oecurred m 307 per
cent female and 71 7 per cent male pituitaries but were not pre ent mn
26 specimens from individuals less than 3 5 years old

Disintegration of all cells releases amino acids However this evtolvais
15 not quantitatnely wnportant 1n normal tissues nor are the cell com
ponents i a ‘packaged ' transportable form—in contrast with the disinte
gration of lymphocytes which may have been transported mtaet from a
d1 tance or may have transformed nto plasmaevtes before di mntegrat
ng #** Amino acids from histones mn the nucleus of erythrobla ts for ex
amplc may be used n synthesis of globin 1n the cytoplasm of the eame
cell or the extruded or Iy ed nucler of mammalian erythroblasts might
provide amino acds for protein synthesis m other hematopoetic cells
such as the formation of hemoglobin by hemocy toblasts or gamma globu
hn in the eytoplasm of pla macytes Histones are probably hydrolyzed in
the plasma to amino acids which subsequently are combined mto varous
protens such as albumin lobulins globin 1. lobulim casemn
and other proteins becau e there are differences 1n the argimine content
of hepatic cells and erythroeytes 77

The sub tances stored by lymphoevtes and plasmacytes are 1n a readily
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Lymphocytes and Plasmacytes

The intracellular retention of nucleoproteins 1s probably more unportant
physiologically and chemieally than s the itracellular storage of gly cogen
1n hepatie cells and of fat 1n adipose eellz Lymphocytes and plasmacytes
are the cells whose primary purpose appears to be the synthess and
storage of nucleoproteins for use by other cells Nucleoproteins are sources
of amino acid , purines and py rimdines and of ribese and deovyribo e
Furthermore, nucleic aeids may furmsh mononuclcotides for the forma
tion of coenzymes or other products which are ¢ <ential for protemn
synthesis Fhrich and Serfter- 3 postulate that ly<ts of lymphoey tes and
plasmacy tes * may furnich nucleie acids and their split products and that

lymphocy toly«is furmishes not only bwilding <tones but al<o cnergy for
synthetic processes

The plasma protemns and lymphoid t1 sues are the most obvious sources
of these stored protemns However less obvious forms of nuecleoprotemn
storage occur i organelles withm the nucleus and cytoplasm of most cells
A reservorr of protein has been considered by Whipple and colleagues to
be present in certain eells as a fluctuating and mtegral cell protein 14° That
ntracy toplasmic protems can <erve as a reserve of protem i certamn
tissues has been strongly indicated For nstance exhaustive muscular
exercise decreases protein and RNA 1 the cytoplasm of the affected

i motor cells 9

Storage of RNA oceurs in plants as well as in ammals Cotyledons of
plants function as storage organs for nbonucleic actd (RNA) which de
creases very rapidly during germination However 1t 1s not known whether
the entire molecule of RNA or only 1ts components are transported 7 Free
amino acids arc believed to be ummportant as =torage products since they
are not depleted by starvation ** Some of the RNA m the cytoplasm of
hepatic cells may be considered to be m the class of dicpensable pro
teins, and 1ncludes proteins utihzed during stress®  Stathenit ch reported
that the hiver 1s the organ mo t affected by manition and 1s followed
sequence by the kidneys parotid and submanilary glands and the pan
crens 6% RNA was almost entirely depleted in central hepatie cells of
mice that were subjected to 4 to 8 days of starvation’®® and was also de
creased 1n hamsters which had been starved®®-—and 1n those receiving

2
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when 1t 15 needed  and promotion of cell prolferation” A trephocy tic
function for leukocytes was specifically applicd to cancer by Virchow 10%
who suggested an analogy betnecen the development of the cancer cells
and the ovum In 1901, Les %8 stated that prohferation of cells may be
stimulated by an external agent
The spearfic function of Ivmphocytes (including thymocvtes) as storage
cells for nucleopratem was constdered by Jolly* and Dustin”® 9
% ¢ who behieved that (1) the thymus has a function 1 nuclear reguia
tion, (2) the formation and lysis of lymphocytes regulate the avatable
nucleoproteins, (3) a reserve of nucleoprotemns 1s necessary for all active
cell dinision, and (4) lymphocytes and lymphoid organs have a function
1n cytoregulation i adult anmmals
The mvestigations of Watjen ? were venrfied and amphfied by Dustin
during the vears 1907 to about 1921 % Bnistol!!! was a practical exponent
of the importance of lymphocytes in growth proce <es He states that
Iis opinton the clnef physiologieal function of fymphocy tes, which are com
posed chicfly of nuclear material, 1s ‘ the carriage, w the form of nuclear
enzymes, of energy that 1s required by normal hiving bodv ecells m the
process of growth and multipheation ' Ye atso beheves that ‘ under ab
normal conditions and 1 concentrated numbers these lymphoeytes may
e additional asd and energy to the normal body eells surrounding areas
of jury and inflammation
Not only did Bristol consider the energy relations of lymphocytes he
also observed the simlanty of the nucleus of lymphocytes to embryome
cells and recogmzed the aggregation of lvmphocytes at sites of injury as
a method of axding tissue repur Durnng the period from 1919 to 1950
considerations of the growth promoting functions of lymphocytes were
rare and i some eases actually suppres.ed becau e of the predommant
acceptance of the idea that lymphocytes are factors i resistance to bac
tenial infection and cancer growth, and are a source of antibodies A re
view of Carrel §'* 5 work m tissue culture shows that the Iy mphocytes
have growth promoting properties Carrel and Ebeling®*® found that the
addition of lymphocytes or of Ieukocy tie extracts was followed by mitotic
proliferation of cpithelial cells and fibroblasts m vitro Lymphocytes were
also considered by Jordan and Speidel*®® to be embryonic relies which
stimulated the growth of the limbs 1n tadpoles treated wath thvrod Kel
sall ¥ considered some of the correlations previousty mentioned by Bristol
and mcluded material {rom rescarch on the mammary tumer mator and
new data n endocrinalogy
Lymphod tis ue 18 advantageously situated between certamn free body
fluids and the va cular svstems The spleen tores nucleoprotemn withm
the blood vascular system between penipheral arterial and portal venous
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expendable form In many cells there 1s a less expendable form of mtra
cytoplasmic protein which fluctuates very little in quantity under normal
physiologieal conditions, but 1s depleted during staryation or other forms
of dietary restriction Laird and Barton®™ found that starvation causes
a reduction in nuclear RNA and protein but to a lesser extent than in
other ccll fractions, and that re feedmg caused a rapid return to normal
levels n protein and RNA of the nuclear fraction

LYMPHOCYTES AS TREPHOCYTES

As early as 1715, Dionysius believed that the fluud <ecreted by the
thymus served as nutntive matenal for the newborn, and this 1dea was
supported, mn treatises on the lymph vessels of the thymus, by Codw per,
Verheyen (1706), Haler (1748) Mascagnus (1787), Tucae (1811),
Becher (1826), and Haug tead (1832) ® ¢ In 1873, His first called at
tention to the presence of leukocy tes 1n the vertebrate ovary % Dustin 3
gives credit to Carrel and Ebcling for having sohidly estabh hed the fact
that leuhocytes are the bearers of trephones’ essential for the maimn
tenance and growth of tissue cultures Dustin 9 states that the function
of thymocytes 1s to store or to hiberate nucleoproteins but this idea was
not developed to determine the basic function of Iymphocytes Although
Mende! and Sathi recogmized d nbose as a nucleic acid component and a
product of developmental synthesis 1n animal tissues as early as 1908 3%
a quarter of & century passed before methods for evaluating the sig
nificance of nucleic acids were available Thus, nvestigations to de
termine the basie function of lymphoeytes as trephocytes have been de
layed or even suppressed at times chiefly because of the predommnant 1dea
that lymphocy tes are defensive cells The fact that very few of the many
diversified chemieal relations of nucleic acids and their mononucleotides
were seriously considered until comparatively recent years has impeded
progress n this field The funetions of nucleic acids and their mononucleo
tides 1n sy nthesizing essential proteins m phosphorylation and as a source
of radicles for coenzymes and adenosine triphosphate (ATP) are so diverst
fied that the common and baste funetion of 1y mphocytes and plasmacy tes
1n the synthesis <torage and/or transportation of deoxyrbonucleie acid
(DNA) and RNA have been obscured The multiple functions of the nuclerc
acids parallel the problem of lymphocytes Drinker and Yoffey ! state
¢« The lymphocyte seems to be almost ubiquitous and to be mvolved m
the response to such a variety of pathological conditions that 1t 15 dif
ficult to concenve of any function common to all these 1y mphoeyte reac
tions’ Carrel'®® suggested in 1924 that our experiments indreate that
lymphocy tes remain through life as storage of embryome growth promot
ng substances as trephones which may cause a resumption of cell activity
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ate oply two of many differcntiated cells which do not divide w wivo
Small lymphocytes and pla macytes contam nucleic acids istone RNA
and ather protems which are essential for eell division Mitosis of large
Iymphoeytes usually occurs m the germinal centers of lymphaid 41 =wes
where these celis are the source of smalt lymphocytes Synthesis of DNA
18 believed to be hmited to the mterphase of muitosis?%® Therefore,
lymphod tiesues, the large lymphecyte 13 the eell form that synthesizes
the nucleoprotesns which nre stored and traneported m: the small 1y mpho
eytes

The molility and mobility of sinall lymphoeytes enable the ¢ cells to
tran port a pachaged, i temn umit mt Hularly through the
body This mtracellular transportation i & means by which nueleoproteins
can be concentrated when and where they are needed It 1 very efficient
because swmall lymphocytes are numerous 1 the blood, lymph and tissue
fiwd and are copable of penetrating mo t soft tissues This transportation
18 facibtated because small lymphocytes are about the same size as
the erythrocytes m most species of mammals 28 52 For example, small
lymphocytes of man are about 6 to 8 p m dameter and erythrocytes
average 774 p % ¢ & Mature plasmacyies which are approsimately tw e
the size of smal} lymphoeytes da not u ually oceur i normat blood, but
retaun the nucleoprotemns i the srea where they are formed 3+

A charactenstic of small Iy mphacy tes 1s the predormmnance of the volume
of the nucleus over that of the cytoplasm ™ ¥ 8 gr the hgh nucleocy to
plasmic ratto  {hern/Plasms ratio of R Hertwig) However, the nucleus
of small lymphocy teg has sbout the same amount of DNA as 1n most other
cells, such as motor neurons,™ but 1t contams few conspreusus eytoplasmie
organelies 272 Nuclet of lymphacytes {calf thymocytes} after bemg de
nuded of cytoplasm, have been found sctively to wncorporate labeled
amuno acids mto therr protems 1 4 sucrose medmmn Apparently this
meorporation of amine acids by the denuded nueleus of the lymphocytes
18 controlied primanty by the DNA within the nucleus Removal of the
DNA from the nucleus virtually prevented the uptake of smno acids and
the synthesis of protemn by nucler of lymphocytes This functron of DNA
can be aseumed by partly degraded RNA or by certamn other DNA (but
not by pynimidine) by purine bases and certam dinueleotides or monoribo
nucleatides ¢

Smalt ly mphocy tes may release RNA wmto mtercellular fluds, smee
these cells have & thin shell of cytoplasm winch has & lugh concentration
of RNA as indicated by treatment with RNAase The RNA 15 released
from mtact lymphocytes by several means such as cytoplasmic budding,
eytolysis {figs 4-6) and probably by dialysis5* The transformation of
tysaphocytes snto plasmacytes may be due to the fafure st times of the
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blood The lymphoeytes and plasmacytes m the splecen function as an
mtracellular form of protem storage m which synthesis and release ap
pear to be mantained 1n balance with the level of protem n the plasma
which also serves as extracellular flurd for these cells in the spleen 4
Lymph nodes represent storage of nucleoproteins betw een tissue flmd and
blood Intestinallymphoid tissue functions as a nucleoprotein storage organ
betw een the luminal fluid (chyle) of the mtestine and a direct blood vascu
lar connection (the hepatic portal vein) with the hiser, m addition to the
lymphatie drainage 3¢

Another relation of extracellular flnd to proten ctorage 1s that dif
ferences 1n the amount of Iy mph 1n vanous lymphoid organs determine the
degree of sensitivity of these structures to lymphopenic substances For
stance, 1njection of corticone into rabbits,3%6 hamsters and mice * cause
lysis of lymphocytes in the thymus earhier and to a greater extent, and
also 1 response to smaller dosage than in lymph nodes The thymus
has very few true lymph sinuses and less contamned lymph than typieal
lymph nodes Thereby the decreased amount and flon of 1y mph results i
a higher concentration of blood borne cortt one in the thymus than in
the Iy mph nodes of the same animal

Incidentally, this unusual ability to concentrate admmstered sub
stances 18 probably related to the ob<erved greater <ensitivity of the thymus
than of lymph nodes to the admmstration of arsenical ® ® and other
lymphocytotoxic agents 53¢

‘The relations of small lymphocy tes and plasmacytes to protein synthesis
vartes 1 different tissues and organs In the gastromtestmal tract small
lymphocy tes and plasmacytes have nearly umform functions n protem
storage, therefore shght quantitative vanations m them are not usually
obvious However many authors have mentioned that they observed an
ncrease mn small Iy mphocytes and plasmacy tes m the experimental produc
tion of gastric papillomas Small lymphocytes ean supply 17 mdividual
trephones for use by other cells or any combination of two or more of
these trephones There 1s possible therefore a grand total (as shown by
the formula 2 1) of 131 071 ways by which small lymphocytes may furmsh
trephones 33 Tlus cell stores adenme phosphorte acid p 2 deoxynibose
guanine cytosmne thymine and adenosine monopho phate from DNA and
the 10 amino acids reported to be present in thymus histone 41 53¢

Trephocytic Charactenstics of Lymphocytes
There are a number of charactenstics of the small lymphocyte which
enable 1t to store transport and relea e nucleoprotemn for use by other
cells Ab cnee of mitoss 1s a characten tie of most cells whose primary
function 1s the storage of protem The «mall Iy mphocy tes and pla macy tes
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on a lymph node was reported by Florey (1928) to double the number of
Iymphocytes n the efferent 1y mphattes 83 The Iymphocy tic turnover has
been considered to remam about constant because the number of 1y mpho
cytes m perspheral lymph and blood remams fairly constant®? -5t o
305 11 8

Attempts to measure the hfespan of lymphocytes by ncorporating
radioactive phosphorus in the DNA have failed to give conclusn e results
Ottesen (1948) found that radioactive phosphorus mjected mto chickens
was 1corporated i the DNA in white blood celle 1! 7 Fichtehus (1901)
by elaborating Ottesen s method, showed that following mjection of P3
the appearance of radreactive lymphocy tes in the blood reached two peaks
of persistence, one about the 4th day subsequent to the ijection and the
other about the 15th day ** ¥ Later (1953), he showed that, by bleeding
the P3 1jected amimal the latent pertod of the second peak could be re
duced from 15 to as short a time as 4 day- 1 7

Coassin and Kline' found, by the u e of radioactive phosphorus that
the life span of lymphocytes in the blood and lymph nodes 1s about 2
weehs 1n the rabbit but that the lymphocytes m thoracic duct Iymph of
non 150tope treated rabbits are replaced twice daily (about every 12
hours) In their attempts to reconcile these disparate latent pertods thesc
nvestigators pomnt out that annulation of the thoracic duct may have
mduced “an abnormal discharge of lymphocytes from the nodes” re
sulting 1n a 12 hour turnover whereas 1t 1s mimpractical to determine by
the 1sotopic method how many generations of lymphocytes the DNA
phosphorus had passed through previously

Coassin and hlme also found that within 25 hours after the ntra
peritoneal 1mjection of 200 pe of norganic P* 1nto rabbits lymph n the
thoracic duct contamed about 5750 P* active lymphocytes and the lymph
nodes about 8050 The number of lymphocytes reached 1ts maximum 1n
the duct (15000) and m the lymph nodes (8400) at the 5th hour No
P? active Iy mphocytes were observed 1 heart blood during the 168 hours
of thls experiment These v estigators conclude that the 15 day value

to ntr: of P? represents a mimimum pos

«ible hife span of the Iymphocyte these cells undoubtedly persist for an
unknown additronal length of trme after leaving the blood stream as
shown by the 1sotope method, whereas 12 hours 1s the mmimum hfespan
shown by the collection data for lymphocytes m the blood

Cy elic changes 1 germinal centers of 1y mph nodes have been well estab
hshed even though the sigmificance 1s no(: well understood 183 1 318
108¢ 1t 7 Flemming (1885) used the name ¢ germmal center to destgnate
the delimuted area of active proliferation m the postnatal Iy mphoid ned
ule 127 Sey eral other mvestigators found that the germmal centers hyper
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lymphocy tes to “excrcte” suffieient quantities of RNA and other protemn
mto the extracellular flud, as well as to an mereased synthesis of cyto
plasm Figure 1 shows that RNA 1n the cytoplasm of small lymphocytes
oceurs as a very dense, compact mass 1n arr dried blood <mears stamned
with methylenc blue at pH 49 by Haenel s method It 13 not always
possible to see the individual RNA particles because they are abundant
and clumped together RNA poaitive particles m small lymphocy tes are
about the same s1z¢ &s the abundant mrcrosomes in the eytoplasm of hepatic
cells, as demonstrated in imprints of hepatic tissue stuned by methylene
blue at pH 49634

LIFE SPAN OF LYMPHOCYTES

A most significant quantitative pomnt in considering the mportance
of lymphocytes in the synthesis, storage and transportation of nucleo
proteins 1s the rapidity and extent of turnoser and the life span of these
cells %3¢ Several types of expenmental studies have demonstrated that
there 1s a rapid disappearance and repl t of lymphocy tes in normal
ammals It has been estimated that some 200 million lymphocytes pass
out of the thoracic duet mto the blood stream cvery hour 1n the dog? *
and that more lymphocytes enter the blood stream than are present m
the blood at any one time 3 3! 930 117 Jordan (1939) estimates
that lymphocy tes disappear 1n man at the approximate rate of 25 billion
per day '** which presupposes an equally fast replacement of the lost eells

Estimations of the hife span of lymphocytes vary from a few hours to
several days The average duration of lymphocytes i the blood was de
termined as not exceeding 4 hours 1* @ This value v as determined by Bunt
ing and Huston (1931), and Yoffey (1933) who calculated the number
of lymphocytes that pass daily from the thoracic duct into the blood
stream m relation to the number normally found m cireulating blood 3¢
Drinker and Yoffey 3 cite results which indicate that in dogs the blood
1y mphocytes have an average turnover of at least 3 5 times per day  Yoffey
and Courtice! 7 give results of ealculations mdicating that the Iympho
¢y tes may be replaced at least 3 71 tumes per day 1n the dog McCutcheon®®®
thinks that Iy mphocytes are probably renewed about every 8 hours Haden
(1940) estimates that 24 hours 1s about the life of a Iymphocyte and as
sumes that the daly production 1s sufficient to replace this loss 134 How
ever, lymphocytes observed through modified Clark Sardison windows n
the ear of rabbits are reported to have lived at least 26 days 1 ®

Various approaches and experiments have been devised to obtam lon
gevity values and other mformation on Iymphocytes i the bload stream
The hnown methods of nvestigating Ivmphecytic turnover are subject
to considerable, usually unav oidable, error For example a shght pressure
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of potassium which 15 esential for growth and regeneration * 14! In
creased renal loss of potassum occurs following the admmstration of
ACTH, ™ but the extent to whch this 1s due to lysis of Iymphocy tes, which
also follows the admmstration of ACTH or cortisone ° has not been
determined
The death of all cells ineluding ery throcytes, releases potassium 7 How

€ver, the sigmficance of potassium i small lymphocytes 18 that ly-s of
this cell often occurs at the site of dehimited growth such as wound healing
In addition, rron which 1s stored 1n the spleen, Iiver, bone marrow and
tecth of vertebrates,’t 1s present mn chromatin of nueler m anmal and
plant cells, and 1s also lacally concentrated from the disintegration of
nucley 134

NITROGEN RETENTION

The intracellular storage of proteins in small lymphocy tes and plasma
cytes 1s regulated by certain hormones A shift of protemns from extra
cellular fluids to an intracellular storage 1n lymphocytes might increase
nitrogen retention, whereas a sinft of proten from ntracellular storage
to extracellular flud forms could be an early step mn mcreasing protemn
catabolism Lymphocytes rapidly disintegrate and lymphoid tissues are
depleted 1n starvation or as a result of protemn low diet or of corticone
admmnstration However lymphocytes and lymphod tissues increase m
hyperglobinemia and 1n other conditions of increased mtrogen retention

Several hormones control the amounts and ratios of the plasma proteins
After hypophysectomy, serum globulin 1ncreases and serum albumin de
creases Thyrowdectomy, howeser, mcreases serum globuln, but does nat
affect serum albumin %° Growth hormone and adrenocorticoids are an
tagomistic 1n many cases 838 Reid®? states that the growth hormone and
adrenocorticoids are not mutually antagonistic m carbohydrate metabo
Il m However, the level of nucleic acid 13 mcreased by growth hormone
and decreased by adrenororticonds but dietary factors such as pyndoxne
are also 1 to d mtrogen Lawrenc and Mac
Vicar 8 state that 1t 1s not known whether the mercased protein excretion
following the admimstration of corticone 13 due to increased catabolism
or to an antianabolic effect Synthesis and storage of protemn m lympho
cytes can explam both effects for cortisone causes lysis of lymphocytes
and decreases lymphoid tissue and, mn turn, 1t deters intracellular protemn
storage by decreasing mitosis

Tysis of lymphocytes provides a readily expendable source of nucleo
proteins Lymphocytolysms occurs before the cytoplasmic protemns m he
patic cells decrease Protem depletion produced by low protein diet, ealoric




30 LYMPHOCYTES AND MAST CELLS

trophied folloning the injection of foreign protemn (bacterial antigens,
broth) and were regarded as “reaction centers ;' 7 while others attnibuted
the large size of lymphocytes 1n germinal centers to an increased level of
available nucleic acid and 1its mcereased metabolism 2980 2 7 Thuys, the
finding that mamtion decreases, and refecding ncreases mitosts in the
germinal centers 1n mice®!® 15 to be expected

Coassin and Kline!” show that the mncorporation of mtrapentoneally
mjected P 1nto the DNA of lymphocytes was far more active at all
ntervals (ranging from 235 to 168 hours) in the lymph nodes than n
lymph from the thoracic duct 1n rabbits Nevertheless, although they ap
parently agree with the tenet that P* 1sincorporated mto DNA “only dur
1ng the formation of a ccll” and that the P? 1s released by the death of
the cell, they do not think that re utihization of the 1sotope tagged protemn
by other cells would hkely result 1n appreciable error in the values of the
Lifespan of Iymphocytes obtaned by the 1sotopic methods

The “daly replacement factor (D R F )” for lymphocy tes 15 the “ratio
of the number of lymphocy tes daily entering the bloed through the thoracic
duct to number of lymphocytes normally present in the blood ' ¢ The
DRYT however does not represent the total turnover because 1t does
not 1nclude cells which cnter the blood stream directly from lymphord
t1ssues®® or those which may remamn 1n the conneetive tissue several days,
as found by Clark and Clark (1930) ** € Yoffey!! ® gnes the value of the
DRF forrabbits as 50 and for cats as varying from 05 to 315 Bnlla!®
found 1n 14 earmivores (wild dogs and foxes) that the average number of
1y mphocy tes was 40 to 55 per cent of the white eells whereas n 17 herb
vores (hamsters mice and rabbits) 1t was 65 20 per cent However this dif
ference may not be as sigmficant as 1t <eems for mice and hamsters are not
1nnate herbivores 53¢

Another advantage of the small lymphocyte and other trephocytes
18 that they contamn munerals Cells which release trephones for the use
of other cells are therefore a <ource of tho e mmerals which oeceur pr1
marily nt llularly A defi y of an cssential mineral fraction can
be & deterrent to protein synthesis to the same cxtent as 1s the deficieney of
an enzyme coenzyme essential armno acid or other essential component
Nitrogen retention folloning the acute admimstration of androgens has
been found to have a transient cffect 1n low ering the extracellular levels of
potassium and phosphorus ® There are several fluctuations in nitrogen
retention which have parallel effects on potassium and lymphocytes Potas
stum 15 stored mtracellularly-" and only a small amount of this clement
oceurs 1 plasma % Since the number of lymphocy tes mereases m con
ditions of mtrogen retention the lymphocyte may be important as a source
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phosphatase m small lymphocy tes might account for the absence of mitosis
1n these cells
Numerous other functions have been attributed to alkaline phosphatase,
such as 1ts actzon i transphosphorylation,! * synthesis of DNA,' hy
drolysts of monesters of phosphoric acid,*} of glucose 6 phosphate and of
glycerol phosphate ® In addition 1t 15 thought that nuclear alkaline phos
phatase controls phosphorus turnover in DNA 747
The presence of alkaline phosphatase mn reticular cells of Iymph nodes 1%
may have a funetion mn P* turnover because Andreasen and Ottesen (1944)
reported that lvmphoid organs have a high P* turnover 1 © Hewesy and
Ottesen compared the daily renewal of DNA 1n epithelium by the usc of
P3 and found that 15 per cent of the DNA 1 the intestinal mucosa was
renewed daily eompared with 58 per cent in the spleen 5 The latter had
the second highest turnover actrvity of the organs studied  If such a
cycle does occur changes 1n the Feulgen positine matenal would not be
naticeable because the DNA could be partly depolymerized and thus
rendered Feulgen negative 2 °19 and a comparable amount of the DNA
would be resynthesized Al o the<e possibilities are mn accord with the
findings that the turnover of DNA 1 lymphocy tes, as shown by the use
of radioactive phosphorus, 1s higher than expected
Alkalhne phosphatase in the intestinal mucosa his been considered by
numerous 1nvestigators Emmel 3 noted that this enzyme 1s regularly
assoctated with the Golgi apparatus of the intestinal epithelium Doyle 4
also found that the highest concentration of alkalme phosphatase was
the mtestinal eprthelium bordering the lumen of the appendix in the rabbit
The concentration of alkalme phosphatase along the luminal border
of intestinal columnar cells could be due in part to adsorption of the
enzyme from chyle onto the c3 toplasmie filaments which form the stnated
border  to a secretion of the duodenum and jejunum 57 or to bemng
localized on this tissue as a result of bemng formed within the ¢ytoplasm
of the columnar cells Dempsey and Deane (1946) found that the strated
border and Golgt zone 1 the eolumnar epithellum of a monkey’s duodenum
were rich 1n phosphatases 7 However 1t 1s apparently not known whether
the alhaline phosphatase i the striated border ltes within and/or sur
rounds the protoplasmic filaments This 1s probably due to the finding
that ¢ there 1s a defimte diffuston of the enzyme 1tsell which may give g
false positave reactton ! ® Electron micrographs show that the striated
border of col 1ntestinal hel 18 posed of protopla mrc
filaments which arise from the eytoplasm within the cell and are thought
to function i the absorption of substances iz solution  and i the form
of fat droplets 05 m 1 diameter 7 Schachter, Treece and DeLamatert?
deseribe areas in manj mtestinal bacterta which stan positrvely by the
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restriction or mcreased protem catabolism following the excessne ad
mnstration of corticone, depletes the thymus first and later the Iymph
nodes These conditions cause an obvious decrease m cytoplasmic RNA
n hepatie cells, and this change occurs before mvolution of the alvcolar
cells of the submaxilhary gland 25 Depletion deereases the ability of
lymphoid tissues to withdraw proteins from body fluds and to retam them
by 1ntracellular storage, because there are few er large Iy mphocy tes which
are active 1n the synthesis and storage of protein

ALKALINE PHOSPHATASE

The distribution of alhaline phosphatase in lymphoid tissue has been
a controversial subjeet beeause earlier mvestigators?® 5 7 reported finding
lymphocytes and lymphord tissue very rich 1n this enzyme Gomon ponts
out that most of the carlier investigators behieved that the lymphocytes
have a high concentration of alkaline phosphatase, but that ¢ there 1s no
alkaline phesphatase 1n lymphocytes’ #* However, Doyle 47 considered
lymphocy tes & minor source of alkalime phosphatase and stated that they
contamed only 1/20th as much of this enzyme as the reticular cells This
statement was apparently a result of his finding that lymphatic stroma,
washed free of lymphoeytcs, retained 90 per cent of the original alhaline
phosphatase activity of entire lymph nodes, most of which was mn the
reticular cells instead of the fibers

The distribution of alkaline phosphatase m cells comnerdes with the dis
tribution of DNA 1n various kands of cells, such as oocytes of amphibia 8
Irver cells™ and bone marrow cells® ! Dantelll and Catchcside (1945)
and hrugels (1946) point out that alkaline phosphatase 15 restricted
to the Feulgen positive bands of the chromosomes 1% Brachet, and Jeener
{1956) believe that phosphatase 1s found wherever nucleie acid oceurs #°
Arvy and Gabe (1952) report that phosphatase actinity was not related
to the content of RNA whereas hrugehs (1946) attributed the locahza
tion of alkaline phosphatase in the nucleus to the presence of a phos
phodiesterase ¥¢ Chevremont and Firket!®® review the reported functions
of alkaline phosphatase and mention that Daniell: (1946) considered that
this enzy me has a function in nucleie acid metabolism that hrugelis (1946)
behieved that 1t 1s specific for the nucleie acid cham and that Brachet and
Jecner (1948) noted 1ts relation to phosphorus turnover Chevremont and
Firhet conclude that phosphatase 1s probably ‘one of the enzymes neces
sary for the synthesis of chromatm or more specifically, of desoxyribo
nueleoproteins’ Ross and Ely 880 noted that alhaline phosphatase had
a greater action on lesser polymenzed DNA an effect atinbuted to the
action of the enzyme on terminal phosphate groups which increased with

depolymertzatton The ab ence or presence of minute amounts of alhaline
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prolferation of low, letely d 1ated  col cells 1 the

ba<al sides of the erypts of Lieberkuhn 4% 6% These newly formed cells
move sideways out of the crypts and over the denuded areas as prolifera
tion proceeds Thus, they replace the lost epithelum Admini tration of
P gives a reaction 1 crvpts of Lieberhuhn which supports the belief that
emthelium of v1lli arises from cells in the crypts *° As the new cells move
outward from the erypts, they differentiate mto columnar and goblet
cells 91 493 €60 18 Pyzznzero (18931 and Maximow and Bloom® suggest
that cells in the grstric pits s in the ervpts of Lieberhubn underg,o mitotic
prohiferation and move over denuded areas to replace lost epithehum

Thus 1t appears that the mature differentiated, columnar cell m the
gastromtestine does not divide, and that the capaaity for mitotic actiity
18 hmited to cells 1n certamn regions of the gastric and intestinal glands
‘Tins locahzation of mitotic activity may not be due to the presence or ab
sence of protemns enzymes or other sub tances but may merely be an
adaptation to the structure of the simple, columnar emthelium For ex
ample, Drasch (1879) de-cnbed regeneration of the eihated cells in the
farynx trachea and bronchi as coming through the growth of <malii basal
cells mnto larger ones that form cuneiform cells s hich 1n turn form cihated
cells ®

Columnar cells of vall1 are expending energy enzymes nucleic acad and
1ts dernvates during the process of ab<orption of protemns fats and carbo
hydrites Macklm and Mackin® 3 suggest that the absence of mitoses from
goblet cells does not point to the mabality on the part of parent cells to
diade but s related to the probabihity that a cell which 1s secreting 1s not
apt to be expending cnergy 1n mitosis and that a cell undergomng mitoses 1y
not hkely to be forming mucigen The con tantly lown RNA content of
goblet cells 1s a factor in the mmability of these cells to divide for imitiation
of mitosis 15 dependent upon mcreased cytoplasmic RNA Absence of
mitoss 1n goblet cells of the inte-tine 15 more hikely becau e the goblet cells
are modified columnar cells » hich normally do not divide

DISTRIBUTION WITHIN THE COLUMNAR CELL

The lymphocytes whach oceur m the eytopla m of columnar epithelum
of the ntestine are usually «mnall lymphocy tes We have never seen mitosis
1 these small }ly mphocytes However Andrew and Sosat and Andrew and
Andren® reported mitouis of lymphoeytes n columnar intestinal cells
within the ery pts of Lieberhubn in mice We have not been able to venfy
this observation on small lymphocytes Sometimes a condensation of

3 1n a ctol eell of wilh bles a mmtotic figure but these
apparent muto es are often pycrotic or condensed nucler of spent goblet
cells Several mnvestigators bowever repart that lymphoceytes 1n columnar
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Gomar: teechntque The vanation in the locahzation and amount of ac
tivity was <o great, even within diffcrent fields of the same culture that
the investigators concluded that no evtologieal interpretation was posstble

Several varied conditions alter the amount of alkaline phosphatase mn
the mtestine Tuba and Robinson!?® subdivided intestinal alkaline phos
phatase of the rat into two portions (1) an “adaptive” one which varzed
with the diet and (2) a “nonadaptive’ one which remained constant dur
mg fasting Adrenalectomy lowered the alhaline phosphatase in the mucosa
of the mtestie, but Iutscher and Wust (1943) found that cortisone re
stored 1t 1% However, Bourne® cauttons that there should be awarenes

that diffuston may and probably docs occur” 1n interpreting changes in
alkaline phosphatase Fasting lowered the level of blood serum alkahne

hosphatase, but ingestion of fat was followed by a return to normalcy
i:n both rats and men

Iymphocytes n Intestinal Epithelum

The presence of trephocy tes wathin the ¢y toplasm of the reciprent cells
19 another aspeet of nutritional relationshup The presence of small lympho
cytes 1 the ey toplasm of mtestinal columnar cpithelrum 18 a common ex
ample of sntracellular trephoeytes The presence of lymphocytes within
the columnar cells indicates that they are related to functions of these
cells, rather than being cnroute mto the lumen of the intestine Lympho
cytes in 96 4 per cent of 3117 intestinal columnar cells that were counted
1n 5 normal hamsters and in 96 per cent of 3478 of these cells 1n 5 tumor
bearing hamsters oceupred a postiton between the nucleus and the base
ment membrane *1¢ These 1values mdicate a metabelic relationshp be
tween the columnar eells and their mtracellularly located Iymphocytes,
rather than a stage 1 mgritron of the lymphocytes into the mtestinal
lumen

In the relationship between columnar intestinal cells and their intra
cytoplasmic Iymphocs tes we have consideded the following approaches
(1) Small lymphocy tes and the columnar epithelial cells of intestinal 1l
do not normaify divaide (2) Absence of miosis m these columnar celfs 1s a
modifieation whieh permits nucleic and ammno acrds and therr components
derived from alimentary protemns to pass from the lumen of the mtestine
through the epithelium without being used to stimulate mitosis and conse
quent hypertrophy of the columnar epithelial cells

The absence of mitosisin columnar eells of vill has been acknowledged
for many years Hock (1898) Heidenham (1899) and Greschik (1912) re
ported that these cells seldom 1f ever undergo mitotrc drvision however
Clars (1926) reparts occastonally finding mitosts m the villt of very young
chicks ¢ ® Repair and replacement of epithelium of the vilir 13 by mitotic
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core of vills It 15 also possible that the e Iymphocy tes may be wandering
=mlessly and not have any <pecific function
The migration of mall ly mphocy tes mto and out of the cells could be 2
regulatory mechanssm for the distribution of RNA 1 the ¢y toplasm of the
columnar celle As indicated m shdes stamed by the Feulgen reaction these
small Jymphocy tes apparently do not reles<e globules of DNA mto the
¢y toplasm of the columnar cells Dialysss probably play s an important part
but the 3 toplasmic medium 1n the columnar cells 18 2ery unfayorable for
determiming whether or not Ivmphocy tic trephanes are releaserd by prote
plasmic budding Howcver, 1t was not possible to determine whether 1
small lymphoey te had recently nngrated from the ey toplasm of a columnar
cell nto the core of a villus or 1f partly depolymerized DNA, which 1s
Fenlgen negatn e, *® nas released by the Jymphocyte into the cyto
plasm of the columnar cell in hamsters 54
Another possible function 1n the metaboli m of the columnar cells 15 that
Iymphocytes store and later make ayarable some of the dietary nucleic
acd such as ] des,” by b pla macytes which
are gbundant m the core of vili Plasmacytes which are belteved to be
transformed Iymphocytes s #3 880 5% are very rarely found wathm the
columnar epithelial cells or adjacent fo the ba ement membrane
Small Iy mphocy tes also synthesize RNA and may convert absorbed ah
mentary nucleotrdes mnto RNA withm therr own cytoplasm or within the
cytoplasm of the columnar cell Brown and co workers (1949) found that
nucleie acrds and nucleotides are utilized 1n the synthests of nuelezc acids 418
Nucleotides from the by drolysis of nucle: of small Iymphocy tes eould al o
be important 1n DNA turnover i the columnar cells This suggestion 13
supported by the fact that the addition of DNA which contamed 1sotopic
ademne and guanine produced labeled RNA as well as labeled DNA mn
cultures of chick embry os 82
Another possible metabolie aspect of the relation between small Iy mpho-
cytes and the columpar epithelium 13 an interchange of enzymes< Mito
chondria which contam many enzymes,? occurm young lymphocytes *
Wintrobe'®® evaluates the mitochondrial wumber as high mn  young
Iymphocvtes 10 to 20 1n mature and absent m ‘old’ Iymphocytes
He states that Potter and Ward (1942) support this tenet by showing
that the highest mean number of mitochondnia per cell oceurs popula
tions of 1y mphocytes that have the highest relative number of immature
cells Claude’®? observed an 1nerease mn the number of mitochondna
Iympbocytes following mjury
Wiseman (1931) attempted to clanfy this classtfication by atatiog that
young” lymphocytes are those that show deep bacophihe ¢y toplasm fal
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cells undergo mitosis Bohm, von Davidoff and Huber? think that Iympho
cytes may wander into the epithelium to divide The conclusion of Andrew
and Sosa that lymphocytes in the epitheltum of the ery pts of Lieberhuhn
divide 18 based on the smaller size of <ome of the mitotic figures in the
crypts It does not rule out the possibiity that these small mitotic figures
could be tangential or peripheral scctions of mitotic figures of columnar
cells which are most abundant 1n the crypts of Lieberhuhn
The small Iy mphocy tes in the columnar cells as 1s charactenstic of them
elsewhere, have very little cytoplasm but a rclatively large nucleus We
could not detect any difference m structure or size of the nucler in small
lymphoeytes 1n columnar cells, compared with small lymphocy tes 1 other
tissues and blood vessels 818 8 0 33
Small lymphocy tes have been ob erved 1n the columnar 1ntestmal ept
thelium of man®®? and most of the laboratory mammals 499 mecluding ham
sters®® 5% (figs 29 to 31) mgeons, ¢ several spectes of salamanders,™
frogs®®® and many other animals Contranly Sobotta® ® has seen numerous
mstances of lymphocytes emigrating through the epithelum overlymg
nodules in the intestine of the rabbit and gumea g
Fixatton often shrinks the core of villt away from the columnar epithe
lum and forms subemthelial <paces which are considered to be normal by
some mvestigators ¢ ¢ Others howerer, consider them artifacts caused by
agonal changes ® 8
The use of quantitatiye methods to determine the pereentage of intestinal
emithehal cells that contain lymphocytes was not feasible beeau e of great
differences 1n a single indrvidual as well as betw een members of the control
group For example a series of cells contaming 1y mphocytes was often fol
JTowed by a number of eclls which did not contatn lymphoeytes The number
containng lymphocy tes fluctuated considerably i a single villus and also
betw een epithellum of adjacent villt 318 Most 1y mphoceytes (rbout 96 per
cent) 1n ntestinal epithelium are 1n the cvtoplasm betw een the nueleus and
the basement membrane and very few occur at the level of epithehal nu
clex or betw een the nucleus and luminal border This distribution of Iy mpho
¢y tes 1> not due to the solume of e3 toplasm beeause more c3 toplasm occurs
between the nucleus and the lumen than betw cen the nucleus and the base
ment membrane—y et approximately 96 4 per cent of the 13 mphoc; tes were
located in the basal third of the cell 58
These ntracellular small lymphocytes may contribute trephones di
rectly to the eytoplasm of the columnar cells by dialy «1s or ¢y toplasmic
budding for they apparently do not cytolize Small Iymphocytes may re
man for a period during which they obtain essential substances necessary
for RNA synthesis from absorbed matenal then migrite mnto the lamina
propna and transform nto pla macytes which are most conspieious in the
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fat into the lymph Absorption of other substances 1s alco credited to the
vereatile ¢ lymph corpuseles’

Some wnters'! 895 guggest, that leuhoeytes (presumably meluding lym
phocy tes) pacss nto the lumen of the intestine mcept fat partieles and re
turn {o the lymphaties with the load of fat This tenet 1s favorcd by the
statement that “nlte blood cells actually migrate back and forth be
tween the Jymph and the lumen of the intestine, ¥ presumably to trans
port fat droplets and 1ron to the Iymphatic system

Although 1t 15 not always clear which ‘ leuboeytes’ are mvolved, 1n
general, Schafer #8%8 1deas are supported by Zawarykin (1883) Clark and
Clark (1911) Mottram (1923) Mottram, Cramer and Drew (1922} and
others, the opposing view 15 taken by Grunhagren (1887) Hedenhan
(1888} and Raymond (1904} who deny any digestsie function sa far as
cribed to ly mphocytes 5t ¢ ¢

LY \PHOEPITHFLIA

Considerable numbers of lymphocytes actually pacs through the fympho
epithelum mnto the flash <haped mucous glands of the rabbit’s appendix™
and through the lymphoepithelium that covers Peyer s patehes ind other
mtestinal iymphod t1 sues Lymphoepitheltum 1s formed by modified co
lumnar eells of the mvolved abortive vilii bemng infiltrated by 1y mphoeytes
{rom the underlving nodule Lymphocytic mfiltration of this epithelm
begins 1n newborn rabbats and has distorted the regular form and arrange
ment, of the columnar cells by the 3rd day after birth A few <ofitary Iym
phocytes are found n the epithelium of the fla<k shaped glands and vilh
1n rabbit embryos 19 days posteaitus & 31 but the total extent of Iy mpho
epithehum repre ents a very small pereentage of the surface area of the
mtestine

Farr-* used fluorescent dyes in an atterpt to determine if any lympho
cytes pass through the ntestinal epithelium nto the jumen but he was
unable to draw a coneiusion from the experiments because debnis 1n the
lumen of the mtestine was al o fluorescent However he states that even
3f these cells left the orgamsm by the intestine this means of remos el from
the blood would account, for only a few of the great number of lympho
cytes that disappear in the bone marrow and lymphowd tissucs Farrs mn
ability to demonstrate the passage of lymphocy tes into the intestinal Iumen
suggests the pos ibahity that the lymphocytes may undergo cytolysis within
the col cells or 10n nthim Peyer s patehes or the stroma
of villi The abeence of thymonucleic aeid m the cytoplasm of columnar
cells that contman small ly mphoeytes indicates that nucler of Iy mphocy tes

were not disintegrating m the manner reported for the ovum of Trturus
« vindescens ¢t
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lowing Wright's stain and many mitochondria after supravital stamng,
and that there 15 1lso a decrease in RNA content of the c¢ytoplasm con
comitant with the decrease 1 number of mitochondria during aging 113
The methods used 1n our study of small lymphocytes i intestinal columnar
epithehum of hamsters did not mdicate a sigmficant difference 1n baso
philia 1n the cytoplasm of either the small Iy mphoeytes or of the columnar
cells 1n wiach 1y mphocytes occurred 516
It 15 extremely difficult to v1suahze funetions of the ly mphocy tes which
occur 1n the Jumen of the intestine, siee a number of questions are 1nvolved
on whch there 1s surprisingly httle direct mformation The httle hnown
functions and fate of small lymphocytes gav e rise to a number of theoretieal
explanations of the presence of these cells wathin columnar epithehal eells
and lymphoepithelum of the intestine Older histologists®? 298 desenibed
Iy mphocey tes within or between intestinal columnar cells and suggested
various activities for these migrants Stohr beheved that 1y mphocytes that
found 1 the columnar eprthelium had been arrested en route to the lumen
of the intestine ' Bohm and colleagues®® beleved that the number found
1n the lumen 1s not proportional to the number present 1n the epithelium and
that as yet no leukocytes have ever been observed i the cuticula tself’
although some of thee cells probably pass into the lumen of the intestne
For many years the presence of lymphocytes 1n the epithehum of the
gastromtestinal tract has been known in man 1n common Iaboratory mam
mals and 1n & number of the lower vertebrates The funetions of these cells,
however, have not been estabhished expenimentally and the numerous
theories are as diversified as those regarding the function of lymphocytes
1n the lymphoid tissues throughout the body Early consideration of the
function of small lymphocytes 1n columnar cells covered only those phases
of digestion and abzorption known at that time However in a recent
article on lymphocytes in the duodenal epitheltum of the mouse Andrew
and Andrew!? review a number of theories which attempt to explam the
presence of these cells (1) The lymphocytes carry a thymie hormone
(2) They are the source of enzymes for lipids or nuclemns (3) They are
bemng chmimnated from the boedy (4) They are a factor o resistance to
bacterial toxins, to microorganisms or to cancer In addition Berg has
postulated that i the appendix of herbnores emigrated lymphocy tes
play a part 1n cellulo ¢ digestion © ? Othersss have thought that the num
fer of Iy mpliocy tes increased durmg digestion
Schafer®® and others maimntained that a pha e1n fat ab orption 1s chiefly
cffceted by amebord Iy mph corpuseles of the il mjesting the fat after it
has entered the columnar cells and then migrating mnto the central lacteal
of the villus where the ey mphocy tes disintegrate and release their load of
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cytes are abundant 1n the submaxallary lymph nodes of rats*® and are
numerous in the retrothymic and submandibular lymph nodes of ham
sters ¥ The retrothy mie 1y mph nodes wineh receive lymphaties from the
thymus, contain more pla macytes and have a relatively larger arca of
medullary cords than most other lymph nodes of hamsters Tordan 4% fol
lowing the 1943 rules formulated by the Ameriean Socwcty of Climend
Pathologsts (Commuttec 1948) freely u cs the terms plasmablast and
proplasmacyte to mdicate ‘it diate stages in the transformation of the
ancestral cells mnto defimtie plasmacytes  Michels®® recogmzes ‘ three
types of plasmn cells c3 topl } the plul
plasma cell * “plasma mast cell and Russell body cells Camphbell and
Good"37 gtate that “the plasma cell 1s a ¢y tomorphie variant of a number of
cell types of the reticuloendothehal system  Typieal plasmacytes, as de
seribed by Marshalko,!37 © arc easily recogmzed  but the 1dentification of
non typcal forms 15 often uncertain This 1s particularly true with regard
to ey tologically diffcrentiating the elo ely similar hemoey toblats lympho
blasts and plasmablasts 4% Pathologieal terminology ometimes nvolves
additional terms to indicate transitional atypieal precur ory or various
mtermediate stages

The actual functions of plasmaeytes are hittle understood because the
available mformation 1s almost entirely the result of deductions rather
than direct obseryations The high content of RNA 1n the cytoplasm of
plasmacy tes and the importance of RNA 1 protein synthesis substantiate
correlations between an merea<e of plasmacytes i hyperglobinemia and
an ab ence or ranty of plasmaeytes in agammaglobulinemia A parallelin,,
correlation evists between an ncrease of plasmamytes and antibody for
mation Another function of plasmacytes may be the production of ant1
bodies beeau ¢ most antihodies are gamma globulin Antibody formation
appears to be one aspect of the more ba<ic function of this cell 1n the syn
thesis and storage of gamma globulins Apparently gamma globuhins can
function as antibodies but they have a more basic function in synthesizing
and storing nucleoproteins The sigmificance of protein storage 1n plasma
cytes depends upon the site of formation beeause this cell 1s not normally
Present in eirculating blood or Iy mph The most obvious function of plasma
cytes 18 nucleoprotemn storage This process however may alse be
portant 1n regulating protemn synthesis and mito<is i cclls capable of cell
diision and thereby the plasmaeyte may be a cell which partly controls
prohiferation of other eells Large lymphocytes m lymphoid tissue aleo
retain protemn but this process 1s 1n relation to storage between the body
fluids whereas plasmacytogenesis oceurs m a more speerfically localized
retention

The difference betw ecn nntibodies and normal globulns 1s sight Normal
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Measurements of carefully controlled camera lucida tracmgs of 100 of
cach type of ecll enlarged 1800 times showed that the nueler of small Iym
phocy tes i the cytoplasm of columnar mtestinal cells did not differ signifi
cantly 1n s1ze from those in sectioned Peyer’s patches, and that Iy mphoey tes
1 both sites were approximately the same size as erythrocytes n the ham
ster Only nueler of lymphocytes were compared, because 1t was not pos
sible to delimit the cytoplasm of lymphocytes from that of the epithelial
cell surrounding 1t Sometimes lymphocy tes m columnar cells were sepa
rated from the surrounding cytoplasm by vacuole, but these were too
frequent to serve as a basis for the comparisons 533

The first 1leac Peyer’s patch from the ileocecal valve mn hamsters nas
fixed 1n sublimate alcohol and stamed for DNA by the Feulgen method
Other sections from the same block of tissue were stamed with tolmdine
blue and by 1arous other methods to indicate basophilia and to confirm
1dentification 51 Nucler w hich vared m form were not included only com
plete cireular sections of entire nucler were measured Admittedly this
method 15 not very accurate due to scetioning techmque and vanation i
measuring the masxaimum diameter but it served as a standard of cvalua
tion 1n comparing nucler of lymphocytes m sectioned epithelial and
lymphoid tissucs 16 Camera lucida tracings of 2000 nucler of eirculating
Iymphocy tes showed that these cells have a mean diameter of 55 p with
extremes ranging from 33 to 89 x 1 our hamsters ®¢ However, other
v estigators®®* found that the diameter of eirculating erythroey tes varied
from 20 to 90 w1n their stramn of Syran hamsters

PLASVMIACYTES

Plasmacytes (plasma cells, “plasmocytes,’ ‘ Rus<ell body cclls } char
actenstically occur 1n loose conneetive tissue especially following partral
stasis of blood lymph or tissue flmd m which a locally mncreased amount
of protemn 1s temporanly retaned However these cells do not oceur 1n
apprectable numbers 1n freely eirculating normal body fluids Since plas
macytes arce virtually non motile and are characteristically mobile only
under certan pathologieal conditions aggregates of the e cclls are formed
at the site rather than by mfiltration  Plasmacytes were believed by
Enderlen and Jurt: (1910) and Porcile (1904) to be carrers of nutntive
material and Dantschakoff (1905) suggested that plasmacytes in the sub
maxillary salnvary glands absorbed substances from blood and lymph and
transmitted them to the alveolar cells 801

Plasmacy tes usually occur in the medullary cords of Iymph nodes 4™
407 @ 9 Therr abundance 1n normal animals % as emphasized by Tordan and
Morton 7 Jadassohn (1891 to 1893} demonstrated the pre enecc of the e
cells m the follicles of Iy mph node 1n man and lower animals *** Plasma
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decreased or abeent 1n conditions of agammaglobnemal ¢ 3% 12 In
jection of rb leotides caused hy perglob 1n rabbits 3 Injection
of typhoid antigens nto the foot pad of rabbits produced a peak of RNA
1n the popliteal lymph node which coincided with the maxmal formation
of antibodies 7 Most antibodies are beheved to be gamma globulin, and
1t has been shown that gamma globulin fractions contain antibodies 410 756
Furthermore, horse <erum globuhins cannot be differcntiated from ant1
bodies m horse serum *** Hy perglobul 18 usualty d b
plasmacy tosis ¢ # Plasma cell my elomas usually cause a high blood giobulin
level with the formation of abnormal proteins ! Contranly protemn de
ficiency 2 prolonged admmstration of corticonc ™® *% rradiation'®®
and nitrogen mustards®” reduce the rate and amount of antibody forma
tion, and al o decrease the number of plasmacy tea 334

Plasmacytogenests

The one thing about the ongin of plasmacytes on which most invests
ators are 1n reasonable accord 1s that somewhere along the line the pro-
gemtors of these cells were denved from meenchyme Fluetuating condi
tions may be chiefly responsible for determimng the precursor of the
plasmacyte Varous me<odermal cells have been considered precur<ors
of the plasmacyte particularly those cells which do not hate a well estab
hished place 1n an ancestral trec of same other cell or which might be refated
to wandering cells such as Iarge mononuclears and varous Iymphoid cells
Primanly, the formation of plasmacytes 15 a process of withdranmg
protein from extracellular fluid and storing it intracellularly to aid in the
regulation of protem synthexis 1n other cells

Conditions di to plasmaeytog result from partial stasis
of blood, lymph*®* 47 or tissue fluud Plasmacytes develop from 1y mpho
cytes 1n tissues 1 which there 15 subchronic or chrome inflammation
These cells ate al o normally abundant 1 meany speetahized structures such
as splenie and lymph nodal simuscs and 1n the tumea propna of the m
testme They are al o precent singly or 1n mall numbers 1n the normal
connectiy e tissue of most organs 5 3 91

Normally temporary Iymph stasis may furm h an important stimulus
for transformation of plasmacytes from lvmphocy tes™8 94 497 15 Jymph
nodes and spleen 1n contrast to the sparaty of these cells 1 the thymus
winch has few or no sinuses An inerease m proten however 1s a more
nearly direct stimulus for plasmacy togenesis than  formation of nowious
metabolites 49 497 or some form of touin  as some 1y estigatorst 4 497
appear to believe

Plasmacytogenesis 1n the spleen u es amino acids and other substances
m blood for the synthesis and storage of RNA and gamma globuln
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serum globuhin has been desenbed as differing from antibodies an the
method by which the tno ends of the globulin polypeptide molecule are
coled #7 Tormerly arrangement of annno acids™? was hehesed to be the
causc of differences in antibodies and globulin Cryoglobulins which areab

normal plasma globulins, are thought by Putnam and My ahe® to differ
{from normal gamma globulin and from each other only 1n the amino acid
which 1s on the N-terminal position This conelusion was the result of di

viding 20 myeloma globulins into five ty pes which were based upon the
N termmal amino acyd 818

Plasmacytes are also abundant m those tissues which are beheved to be
active 1 the synthesis of proteins other than antibodics RNA 18 more
abundant 1n cells which are more active in protein synthesis than it 1s
other cells Only one half to two thirds of the mere1se of globulins n rab
bits that were injected with pneumococer was found by Liew, Chow and Lee
to be antibody 1t The eell which produced antibodies was considered to be
posaibly the same cell which produced serum globulin ! 1 Even 1f 1t should
be shown that all of the ganmma globulins are antibodies the more basie
function of the gamma globulins i plasmacy tes could stall be the synthess
and storage of the ammo acids which are present 1 gamma globuhn
Terromne!®!¢ states that the RNA of plasmacytes may  govern a protemno
genesis of which the hberated products would contribute to the formation
of blood plasma’

The mmportance of RNA 1n the synthesis of protens has been considered
by many investigators who used vanous techmques Caspersson {1941),
and Brachet (1942) concluded that RNA has a function 1n protem syn
thesis 197 Brachet reviewed the later hterature on the cytochemical and
quantitative evidences which mdicates that protem synthesis 1s related to
RNA Microspectrographic studies indicate that cells with high concentra
tions of RNA 1n the cytoplasm and nucleus are active in protem syn
thesis 8 In addition an mncrease 1n ¢y toplasm occurs during protem syn
thesis 143 Honever, Brachet (1950) belies es that protein synthesis 15 more
closcly related to cytoplasmic RNA 8 Nevertheless the means by which
RNA functions in protein sy nthesis has not been determined RNA hasal o
been considered a possible source of energy rich bands by Spiegelman
(1946) 7 Brinkley suggested that RNA has a part in peptade sy nthesis
Theories on the relations of nuclerc acids to protemn synthesis are reviewed
by Borsook® who points out that RNA plays a more direct part m this
process than DNA He alco considered the possibility that the earboxyl
group may be linhed to a phosphate and that the amno group remains
free until the formation of the peptide bond 1n protein synthesis by the

template hy pothesis
P?‘\smnc)tes are mereased 1n states of hyperglobulinerma 3 8 and
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Naegel: 8 55 Drinker and Yoffey 5 state that one obvious fact mn con
<idering potentialitics of lymphoeytes 15 that they can become plasmacy tes
Ehrich ™ believes that ¢ the plasmacyte 1s a cellula sut geners, and that 1t
arises, nat. from Iy mphocy tes but from the undifferentrated mesenchyma’
The formation of plasmacytes from Jymphocy tes has been demonstrated
experimentally Partial higation (producing steno<is) of the sorta between
the two renal arterics (“renal ischema’ ) caused (1) a notable accumuly
t1on of plasmacy tes at the apex of lymphatic organs, (2) a great mncrease
1 the number of plasmaevtes and (3) a strong increase in periodic crd
Sehiff (PAS) positive material in the tip of the thymus Treating the<e rats
with cortisone produced regression of the accumulated plasmacytes and
of the increased PAS poaitive material* © Injections of omatotropic
hormone (STH) of the hypophy sis produced mereased pl ytes, mast
cells, gly coprotein and mucoprotemn 1 lymphoid organs of hypophy <ecto
mized and normal rats* ® Administratron of glueagon® which 1s claimed
to be truly secreted by alpha cells of the pancreati 1slands produced
aimilar results m normal rats ! © Thus the results obtamed by Cavallerg?™
show that Iy mphocy tes may transform nto plasmacy tes
The mass of evidence and its interpretation supplied by original works
and the various, extensive reviews of the hteratures™ 497 8 7 ympress one
with the potentially multiple orgin of pla macytes They also cause one to
apprectate the suggestion that the plasmacyte may represent a func-
tional stage of any multipotent cell and that appropriate stimulation may
cause all multipotent cells of the connective tissues to transform into
typical plasmacy tes 137
Tt has also been d that the g logy of the plasmacy te may be
related to the ty pe of stimulating factor iy olved and to the structure of the
site stimulated Thus, Campbell and (ood*3* found that plasmacy tes were
formed from inva 1ve lymphocytes from mierogha from oligedendrogha
and from retieulum cells from the pia arachnoid 1n experimentally pro
duced herpetie virus encephalitss in rabbits Plasmacy tes were formed from
‘both von hupfer cells and the mfiltrating lymphocytes m the hver 1%
Good and Good (1949) show that splenic plasmacytes arose from reticulum
cells macrophages and lymphocy tes 137 Although there 1s virtually nothing
known about the quantitative potentialitres of the varsous plasmacyte
produeing cells 1t sppears that the 1y mphoeyte 1s the one ecell most often
1dentified as being directly 1n hine as & progemtor of the true, or Mar
schalkos plasmacyte However c<harp distmetion between Iymphacytes
and pla macytes cannot be made beeause there are intermediate cell stages
which cannot be classified as ty preal Iymphocy tes or ty pical plasmacytes
Immature or young plasma cells are considered by Wess* and by Teunig
and Van der Shikke * to be producers of antibodies Furthermore, the
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specifically for first use by hepatic cells In chromic nflammation and
wound healing plasmacy tes store nucleoprotein during the period between
the stages of imitial hyperemia and regeneration Plasmacytes in the
salivary glands, and under certamn conditions 1n the mammary glands
store protein to bridge the time inters al betw een perieds of mactivity and
actiity of these glands Plasmacytes n the bone marrow of mammals
store nucleoproteins for use by hemnatoporetic cells Those m villi of the
mtestine <ituated between the intestinal lumen and the hepatic portal
ven, store alimentary proteins to be passed directly to the Inver when
needed, those in the medullary cords of lymph nodes, which are function
ally situated between the Iymph and blood, may pass their stored protems
over efferent Iy mphaties to the thoracic or cervieal duct and thence into the
systemie eirculation

There 1s strong evidence that plasmacytes develop from lymphocytes
but their origin remams controsversial Nevertheless, the possibility exists
that some cells wlineh may be 1dentified as plasmacytes are denved from
other stem cells This 1s because the 1dentify ing characteristies of plasma
cytes are nondifferentiated properties such 1s a high content of homoge
ncously diepersed cytoplasmic RNA which charactenstieally oceurs m
earlier stages of several ery thropoletic and myelopoetic cells Michels and
Globus®® reviewed the hterature begmning with Unna s (1891) work They
report that various myestigators have believed that plasmacytes arise
from tissue lymphocy tes {emmgrated small Iy mphoeytes) but that others
mamtamn that large lymphocy tes various monocytes fibroblasts wander
g cells hemohistioblasts adventitial cells monocytes hemoblasts, myelo
blasts granuloblasts (all of which may be classed as monocy tes),7® eryth
roblasts®®! and probably other cells or cell stages may also become
plasmacytes beveral types of mesenchymal eells have been considered
precursors of plasmacvtes particularly those cells which do not have a
well established place 1n an ancestral tree of some other cell or that might
be related to any of the reticuloendothelial mesothehal endothelial, hema
tological or fibroblastie ty pes Primittve connective tissue cells %3 possibly
large mononuclear cells * and adsventitial cells of small blood vessels 7
have aleo been conuidered cources of plasmacytes

Most of the more recent writers believe that pla macytes usually anse
from mature or small wandering lymphocytes by transformation # 31
34 497 633 63 638 €91 75 1103 11 & Plasmacy togenests by transformation of
1y mphocy tes 15 disputed by a number of 1nvestigators Jordan and Morton
(1937) believe that 1t 1s doubtful whether or not pla.macy tes can be derived
by transformation of lymphocytes ' 7 However 1t 13 generally conceded
that plasmacy tes are dernved from lymphocytes as was proposed in Mar
<chalko » theory of 1895 which 1s strongly supported by Piney Downey and
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Cajal a year before Unna deseribed these cells,® and was used by lum m
dentifymg plasmacy tes instead of the spoke like arrangement of nuelear
chromatim which Marshalko proposed as the identifying charactenstic %91
Sylberza (1941) also thought that nit 1 eins caused the basophiha
of plasmacytes ™ but Ferrata did not consider eytoplasmic basophilia as a
distinguishing characteristic of these cells ®

ATYPICAL PLASMACYTES

Typical plasmacytes are readily wdentified but atypical cells which are
numerous are difficult to identafy, espeaially the earhier stages of develop
ment Some 1nvestigators recognize tw o or three early stages, the more com
mon of which are ealled the proplasmacyte and the plasmablast 73 93
Ferrata and his colleagues appatently ruled out Turk s irntation cells on
the grounds that nucler of the e cell forms differ from those of pla ma
cytes and he interpreted Turk s cells as‘ developmentally inhibited hemo
cytoblasts’ 81 instead of disintegrating plasmacytes Varous terms have
been mtroduced to designate aberrant atypieal immature vanous ‘ phys:
ologien], transient and other forms of plasmacytes Michels®®! ably re
viens the hiterature and gnves the ource and appheation of such terms
as erythroblastic, 1ymphoblastic monoblastic and myeloblmhc plasma
cells and undufis ted erythrobl or lobl ytes,
adventitial and resting wandering cells large mononuclenrs and varnious
lymphoid cells, as precursors of plasmacytes Michels®® recogmized three
types of plasma cells g cytoplismic mel * the hal
plasma ecll  plasma mast cell (Meutrophil) and the Russell body
cell  Jordan ** following the 1943 rules formulated by a commttee of the
Ameriean Society of Clinical Pathologists 1n 1949 (Commttee, 1948),
used the terms plasmablast and proplasmacyte to indieate intermediate

tages mn the transformation of the ancestral cells into defimtive plasma

cytes  Campbell and Good!*” state that ‘ the plasma cell 1s a cytomorpluc
variant of 2 number of cell types of the reticuloendothelial system  Typa

ral plasmacytes as described by Marshalho 17 81 gre easily recogmzed
but as most authors intimate 1dentification of non typieal forms 1s often
uncertain This 1s particularly true with regard to cytologically dif

ferentiating the clo ely similar hemocytoblasts lymphoblasts and plasma

blasts 194

Downey (1911) and ccrmm other mvestigators believe that some of the
morphologeally atypseal 1 tes are denved from large mononu
clears Mavimow s resting s\andcnng cells (clasmatoeytes) large lympho
eytes of the leuhocytoid type and possibly from a few fibroblasts €1

Almkvist (1910) Schlesinger (1902) and Pappenheim (1919) advocated
the recogmition of two types of plasmacytes Unnas plasma cells and
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lymphocyte has been considered as a possible cell to which globulins are
transferred mn order to recenve the antibody stamp 1 4

CYTOPLASMIC BALOPHILIA

Plasmacy tes have the ¢y toplasm well supplied with free trephones and
with trephone yieldig organelles The cytoplasm of plasmacy tes contams
mitochondna, usually clustered around a centrosphere that includes Golgt
apparatus of Cajal, which are surrounded by a few neutral red positive
vacuoles 5% Michels®? reviews 1deas on the presenee of granular ey toplasm
and states that Kingslcy (1924) mentioned a ¢ homogenous granuloplasm
as the first sign 1 the formation of plasma cells from lymphocytes Jadas
son suggests that the ¢ytoplasm of plasmacytes 1s crumbled rather than
granular, whereas De Asua {1922) believes that the crumbled form 1s the
result of an accumulation of seeretron 1

Descriptions based upen the use of the electron mieroscope confirm the
carlier deseriptions of the granule ke structure of the eytoplasm of
plasmacy tes Ehrich® used the electron microseope to show that a bundle
of filaments occurs 1n the cytoplasm of plasmacytes and was considerced

a framework of mbonucleoprotein that is the factor which produces
protem for export ' Granules which w ere usually spherteal 80 to 300 A m
drameter and had a relatively high electron density were abundant n the
cytoplasm of plasma cells 72 Long parallel or concentric or sometunes
branclung lamellae have been considered the rerson for eytoplasmic
basophilta of plasmacytes ! Braunstemer and co workers (1953} and
Policard and associates (1954) have shown that archoplaspue lamellae
form most of the eytoplasm of plasmacy tes

RNA accounts for the greater amount of basophilia 1n the ey toptasm of
plasmacytes 1 Harris and Harns found that 2 days after injecting antigen
wnto rabbits the plasmacytes contained more RNA than most cells
sections or imprints when treated with the RNAase histochemtcal test or
by the use of methylene blue solution at pH 49 a method which demon
strates RNA 435 Plasmacytes contain more RNA than pancreatic ahveolar
or hepatic cells or Perkinje neurons %3¢ Brachet?® 1s convinced that the

philic substance m the cytoplasm of 1y mphocy tes 1s nibonucleoprotemn

Jones*®! pornts out that there are various types of basoplnhe cytoplasm
and that the work of Caspersson and Schultz using nltraxiolct absorption
<pectroscopy and of Brachet using RNAgasc methods shows that cyto
plasmic bz ophihia 1s due to the presence of ribonucleoprotern By the usc
of RNAase Brachet successfully deprived primitive and defintn e ery thro
blasts lymphocy tes and myeloblasts of cytoplasmtc basoplilia which he
(dentified as being caused by ribonucleoprotein #* Cy toplasmic basophiha
19 « property of most plasmacytes 3 4% 49 and was notcd by Ravimon 3
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the posterior alf of the duodcnum than in the jejunum or ileum, except
1n the last meh of the ileum where they are abundant’? due to nter
mittent closure of the ileoceeal valve® * which increases the volume and
protein content of the chyle by stasis

Mild inamtion reduces the total number of plasmacytes in the mtestinal
villy, whereas prolonged hunger may practically deplete the villi of thece
cells 70 Six hamsters which were supphied with drinking water ad hibitum,
but recerved no food for 8 to 5 days, showed a pronounced reduction 1
plasmacy tes 1n the core of duodenal and 1leal villi ”*° In two groups of &
hamsters each of which received no food until one anmal 1 each group
was near death the core of all villi contained very few plasmacytes n all
10 of the anmmals  In 15 hamsters maintained from 10 to 36 days on a
protem free but othernise adequate synthetic diet to which 2 per cent
(dry weight) Brewers yeast wasadded the valli in the 1leum had a notable
deerease 1n each anmmal However, only 4 of the 15 hamsters shoned re
duction of plasmacytes m duodenal vilh 10 53 Sul lar injections
of human gamma globulin (05 to 10 ml 6 to 20 m)ections during 6 to 47
days) greatly mcreascd the number of plasmacytes m the vilh of the
duodenum and 1 many villt 1n the 1leum m all of the 5 hamsters 1°

In general any systemic alteration in mtrogen 1s reflected as a cor
responding change m the number of plasmacytes m the villi 3* Thus
1t was not surpnsing to find that subpanmcular injections of cortwonc
acetate (Merck, 100 mg/k 3 to 18 times during 5 to 41 days) mto
hamsters not only reduced the number of plasmacytes in the villi of all
13 amimals sharply, but al o cau ed vanable dilation to actual ballooning
of an appreciable number of villi 1n some mstances This distention oc
curred m the lacteals and appeared to be a result of decreased or lack of
tonus and possibly increased lymph pressure 1n the villus (fig 25) How
ever 1t was shown that plasmacytes i the core of villi were more slowly
destroyed than those i Peyer s patche. 1n 29 hamsters which received 850
to 995 r total body ¥ irradiation In 13 of the hamsters killed within 10
days subsequent to the radiation the number of plasmacytes m the villy
was approumately normal but the Peyers patches had been practically
destroyed

Glandular Actuity

There appears to be a defimte correlation betw een the number of plas
macytes and mast cells 1n the adjacent connective t1s ue and the activity
of the gland in question This 15 especially notaceable 1n those glands sub
ject to alternating high and low levels of actnity 1n which the activity
characten tieally reaches a erest of comparatively short duration followed
by a longer period of greatly reduced activity or of virtual mactivity
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Marschalko’s “plasma cells %1 Use of the electron microscope indreated
that Mott cells may be plasmacytes whose eytoplasm contains dilated
sacs 78

Plasmacytes arc often dered inf] ory cells? Pappenl
(1919) thinks that pl ytes are “mfl atory, altered b
lymphocytes of granulation tissue’, Werdenrich (1909) thinks that smce
the plasmacyte 1s a transient “arrtatnve phy<iological condition, 1t may
occur 1t vartous ly mphoid cells,’ possibly meluding Iy mphoblasts %1 Mc
Gowan {1920 1927) carned Werdenrich s 1dea that plasmacy tes represent
a morphological rather than a physiologieal entity further by postulating
lymphoblastic monoblastie, myeloblastic wnd ecrythroblastic orgmn of
certamn plasmacy tes %! apparently to indicate that these were merely 1m
mature, or blast cells which had assumed the general morphology of other
cells Certamn mvestigators have interpreted plasma cells as aborted
hemoblast 60t

PLASMALYTES IN VILLI

Plasmacytes 1n the core (lamina propria) of mtestmnal villi apparently
obtain the protein they store chiefly from chyle rather than blood In this
structure, plasmacy tes are synthesizing and <tormng protein m an intra
cellular form between the columnar eprthelium and the blood capillaries
and lacteals of the villus (fige 29 and 30) A condition approaching stasts
mn villt could hardly exist beeause of the extensive precapillary arterte
venous anistomoses which have been demonstrated 1n man and the rab
bit 47 In addition the practrcally ccaseless movement of the villi would
cffectnvely prevent any degree of stasis and practically preclude exudation
w ithin these stractures 5% It thus appears that the great number of plasma
¢y tes m the lamna propria of the vill (figs 29 and 30) results from ab
sorbed dietary imino acids rather than from plasma protein, thit stimu
late the transformation of lymphacytes mnto the numerous plasmacytes
found mntestrmnal villt There are wide variations in the number of Iy mpho
¢y tes and plasmacy tes 1 the core of mte tinal villh i different <pecies and
even in different loci o a single hamster '® 534 However the plasmacytes
are stormg more RNA and gamma globulm per cell thin are the small
Iymphocytes They are funetioming n the same relation of body fluids to
organs as are those 1ymphocytes which oceur :n Peyer s patches solitary
follicles and other 1ntestinal lvmphoid tissues

Plasmach tes are more abundant 1n the core of mtestin il 1l in hamsters
thau 1n the villi of mice * The number of Iyinphocy tes and plasmacytes
1 an andnadul vitlus of 4 Iimster varicos accordrng to the leestion m the
Intestne of the +illus and 1ts proxumty to mntestinal lymphod tiz ue
Plasmacy tes are morc numerous and more evenly distnibuted m villi
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function as trephocytes that supply necessary components for the pro
iferation of nterstitial connectivc tissue and for the secretions of the al
veolar cells During the mvolutionary phase (in man) there are mfiltra-
tions of 1y mphoeytes™™ which Aschoff”® regarded as indieating ‘ so called
retention mastitis’ but which Boyd*® helieves 1s functioning 1n the re
moval of cell debris and secretion ' rather than indicating the presence of
nflammation Fifteen years before Boyd s statement Taylor'9 expre< ed
the belief that ‘round cells that inflltrate the breast are a part of the
<emiphy siological mechamem of re orption of secretion m the breast and
prostate as a result of neerosis’ in hyperplastic or rapidiy proliferating
tissue

Prelactating Gland Growthin the mammary gland 1s imtiated partly by
histarmne mduced vascular changes which are similar to growth processes
mitiated by hormones m other organs Loeb® states that growth 1s as
soeated with intensified eireulation and inereased blood <upply, and that
gronth 1n the mammary gland 1s due to the dilation of capillanes and
the formation of a captllary field around nenly forming tissue The blood
supply of the mammary gland 1s abundant*®® 78 and greatly increases as
funetion develops 77 % Ly mphaties are also numerous 1n the nteralveo
lar and interlobular connective tissue® and pass chiefly to the axllary
lymph nodes ? 14

Lymphocytes are pre ent at all active stages of normal growth or
hyperplasia of the memmary gland as shown by Schroder and others 10
Infiltration of lymphoey tes and pla macytes accompanies any rapid pro
Iferation of glandular or surrounding interstitial conneetise tissue m the
mammary gland 100 615 860 A1z 1014 The mfiltration of lymphocytes nto
the conmective tiesue of the mammary gland during pregnancy in
women!o” 615 ysually occurs durmg the prohferative pha e of the gland 100
and at the same time that hy pertrophy of mammary epithehum oceurs %
Berka also observed round cell infiltration n the hypertrophied mammary
glands of newborn children 19! An nfiltration of Iy mphocytes oceurs m
the mammary gland of women at the end of the lactation 10

Estrogens are generally considered the causative factor for inereased
circulation i the mammary gland 7 397 but therr effect as a direct
stimulator of growth has not been established It 1s thought that estrogen
mereases vascularity m the mammary gland by having a local effect—and
merea e9 the permeabihity of the vascular bed to other hormones 1 the
blood 3% However other mvestigators?8 331 815 believe that the effect of
estrogens 13 mediated through thar effect on the pitumitary Curtiss 18
observed speeyes differences in the effeets of estrogens upon gronth of the
mammary gland He found that complete lobulealveolar growth followed
the admim tration of estrogens in the con goat and gumnea pig but that
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GENERAL CONSIDERATIONS

The number of plasmacytes and the synthess of protemn m certam
glands fluctuate mn response to intermittent periods of <ecretory activity
and nactrvity Plasmacytes are numerous 1 the connective tissue m the
normal pancreas salivary and mammary glands These glands produce
coplous amounts of protein containing secretions at intervals followed by
pertods of reduced activity or rest The blood supply 1n the salivary glands
1s probably mnadequate to meet the heavy, intermttent demands Thus, 1t
becomes necessary for these glands to draw upon the AMP and histamine,
RNA and other cubstances and components stored in mast cells, Iympho
cytes and plasmacy tes in the connectrve ti sues in order to maintain phy <10
logical efficiency of the screting cells and to obtain the e ential com
ponents for the production of normal saliva

Plasmacy tes 1n the pancreas are rare within the 1slands of Langerhans
but occur singly throughout the interalveolar connective tissue The ranty
of plasmacytes in the 1slands of Langerhans may be due to the fact that
1slet cells have comparatively httle cytoplasmic RNA as compared with
alveolar cells In addition, the 1slands of Langerhans have a well de
veloped and highly vascular capillary network which apparently, 15 con
trolled by the release of istamine stored in the granules of mast cells ¢ *

The thyroid gland differs from the islands of Langerhans and the an
terior pituitary because the capillary network 1s not so closely related
to the sceretory cells This dufference 1n relations of the capillanes and the
probability that the plasmacy tes supply a certan amount of globultn for
the formation of thyroglobulm may account for the greater number of
lymphocytes and plasmacytes present 1n the eonnective tissue assoctated
with the thy roid gland than occurs around nonalveolar glands such as the
anterior piturtary and 1slands of Langerhans

MAMMARY GLANDS

Infiltration of 1y mphocy tes and the tran formation of some of them mto
plasmacytes oceur 1n the mammary gland 1n rormal physiological states
1n which the plasma proteins are mnerea ed 1n the connectrve tissue Durmg
pregnancy and before laetation plasmacytes synthesize and store RNA
globulms and other protems for use by the alveolar cells of the mammary
gland during lactation “ome of these plasma cells disintegrate to prov 1de
trephones for proliferating alveolar cells and others become colostrum
corpuseles At the termuination of lactation the plasmacytes synthesize
and store RNA and protans from the debns of the wvoluting alveolar
cells for controlled release mto the blood and lymphatie =\ stems

Plasmacs tes n the mimmary gland have two mmportant but different
fupctons dunng the mammary cyele During the sceretory pha e they
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them as lustioeytes, monocytes or mononuclear leuhocytes 13 Maximow
and Bloom®® believe that they are more probibly, lymphoid eells which
imgest fat droplets and get into the lumen of the glands More recently,
the colostrum corpuscles have been considered to be modified plasma
cytes ®11 The extenstve di tnibution of plaswacytes m inflammatory and
diseased conditions of the udder of the cow suggested to Porter®™! that
plasmacy tes may be responsible for the production of the high protem
concentration n colostrum and mastitic mlk

1f plasmacy tes arc one, or the only source of colostrum corpuscles, the
presence of fat globules i the cytoplasm represents another modifieation
n addition to altered protein and carbohydrate metaboli m wlich oceurs
1n the metaboli m of plasmacytes Sevcral types of protemn inclusions have
been deseribed m the cytopiasm of abnormal plasmacytes Examples are
Auer lihe bodies 1n multiple my eloma °7 and Russell bodtes which are sup
posed to accur 1n degenerating plasmacytes ** Some which give a positne
PAS reaction appear to be mucoprotem %

The high lactalbumin ® and gamma globulin content of eolostrum m
cattle® uggests a direct utihzation of gamma globuhins from plasmacy tes
Furthermore during the period of colostrum formation, extensive infiltra
tion of small 1y mphocy tes and poly morphonuclear leukocytes and mono
tytes as well as plasmacytes, occurs throughout the epithebum In tins
case the dircet source of gamma globulin in the colostrum would be the
plasmacy tes and probably would not involve resynthesis by the alveolar
epithelum of the gland Tins 1s important because of the <udden inerea ¢
m gamma globulin during the period of colostrum formation Obsiously
it would be very difficult for the alvcolar cells of the mammary gland to
seerete sufficient quantities of gammn globulm 1f the source were limted
to plasma globulin The high increase m gamma globulin and antibodies
1 colostrum represents (1) a prolonged -y nthesis of the gamma globulins
duning the period of pregnancy (2) their storage within plasmacytes and
(3) the direct disintegration of the plasmacytes m the lumen of the gland
The development of plasmacytes m the stroma of the mammary gland
and the synthesis of gamma globulin duning pregnaney are proces e by
which gamma globulins can be synthesized 1n e derab} tat
a long penad of time

Disintegration of plasmacyte within the lumen of alveol might ex
plam the extremely high content of gamma globuhns and 1 turn of ant1
bodies®! duning the period of colostrum formation and the subsequent de
crease 1n the e substances during the period of lactation when there 1s
relatively hittle infiltration mto the gland stroma by lymphocytes and
plasmacytes During lactation amino acids are probably used directly
by the alveolar cells to synthesize mild protemn whereas during pregnaney

aver
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only grow th of the ducts occurred in the rat, mouse and rabbit Progesterone
was necessary for lobuloalveolar growth in these laboratory ammals The
effect of estrogens 1n increasing the permeability of blood vessels has alco
been considered a cause of edema 1n the uterus of mice °

An 1ncrease 1n vaseulanty and permeabihty oceurs i the mammary
gland during 1ts development and 1n puberty 2** 101 during the menstral
cyele,%% and during pregnancy and lactation The glandular stroma be
comes <omew hat edematous during the menstrual cycle in women 815 6%
However hyparplasia of epithelium 1n the duets and aeins following the
hy pererma and edema of the menstrual cycle hins not been established %
There 1> an mcrease 1 blood vessels m the interstitial connective tissue
between small alveoll and underlying secretory portions %8¢ Dempsey
Bunting and Wislockr * believe that basket cells have 2 funetion n alter
mg the circulation by becoming stellate and thereby formmg an open
membrane nto which capillaries move as the spaces appear This rear
rangement places capillaries 1mmediately adjacent to the epithehum of
the ducts

There 1s considerable evidence that estrogen and progesterone are
directly responsible for the mnitiation of the hyperemia and subsequent
hyperplasia of alseolar cells m the prelactating mammary gland m ham
sters © ® The direct effect of the ¢ two hormones 1s chiefly to mduce masto
cytogenesis, substances rcleased by the thus formed mast cells maimly
histamine and heparin 1nmitiate alveolar hy perplasia by causmg hyperema
and increasing capillary premeability with protein leakage into the inter
cellular flmd (<ee Chap 5 and 6)

Lymphocy tes and plasmacytes aggregate m the mammary gland before
secretion of colostrum at the beginning of lactation and at the termination
of lactation The formation of plasmacytes before and during des clopment
of colostrum®!® 15 responsible for the tenet that colostrum corpuscles form
plasmacytes The comeidence of colostrum formatton with the presence
of heavy lymphocytic mfiltration and usually plasmacytic aggregation
1 the nterstitial conneetive tissue that surrounds the alveoh and lobules
of the gland®!® %% 311 appears to indrcate that much of the protein that
15 concentrated 1n colo trum which ts not derived through hy peremia 1s
obtamed from the infiltrating lymphocytes and aggregating plasmacy tes

The onigin of colostrum corpuscles has been 2 subject of controversy
Several 1y estigators state that colostrum corpu cles are apparently de
nived from lymphocytes 3! Others*®® believe that some of the colostrum
corpuscles actually are lymphocy tes Some®8 imply that plasmacy tes may
be a source of colostrum corpuseles beeause their appearance i the mam
mary gland 18 comcident with the appearance of colostrum Gregoire be
ieved that colo trum bodies were epithehal cells #°* Gruber (1924) classed
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<ame steps as those n chronie inflammation Pichard states that the steps
1n the production of chironic ¢y stic mistitis include (1) mechameal stasiz
(2) round ccll mnfiltration and (3) proliferation of epithelium These
three conditions arc sumilar to tho e prc ent m chronic inflammation in
general The predomnance of plasmacytes in this condition oceurs 1n a
tissue flnd which 1s formed as an exudate that has a high protein content

Mammary dysplasia 18 a nonbacterial pathological condition which
results from the ¢ failure of reciprocal proliferation and mvolutions and
1s ‘escentially an abnormal interplay of parenchyma and stroma’s™
Kuzma 7 beheves that the anatomieal changes 1n the gland are due to
prolonged ovanan hormone mmbalance such as deficient corpus luteum
with abeolute or relatis e hyperestrimism An inerease 1n estrogens has been

shown to produce hyperemia and edema in the mammary gland #93 5%
61 746
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amino acids 1n the blood ean be synthesized and stored in the form of
globulin 1n the cytoplasm of plasmacytes Amino acids in the blood during
lactatron are used by the columnar eells of the alveol: to synthesize casems
and lactoglobulins The same amino acids occur m beta lactoglobulin and
1n alpha and beta casein as occur 1n gamma globulin, but the amounts
vary 410

Plasmacytes are not as numerous during lactation as at its termmna
tion *3% This ob<ers ation supplies additional support for the 1dea that the
function of plasmacytes 1s to bridge the protein gap * From a cvtologreal
standpomnt this 1s extremely important 1 view of the aggregation of
plasmacytes 1n the mammary gland during various stages of pregnancy
and at the termination of lactation In making these compancons, ne do
not maintain that the gamma globulin molecule that 15 derived from plas
macy tes 1s directly incorporated 1n the milk At certan stages the high
gamma globulin content may represent the same simple protemns which
are synthesized by plasmacy tes

Cessation of Lactation The mfiltration of lymphocytes and the aggre
gation of plasmacy tes 1n the mammary gland at the termination of lacta
tion probably t; a resorptive 1 for saly aging decomposcd
matenal or secrettons 197 80 1014 Chrome nflammation that results from
mulk stasis 1s often thought to cause this “round cell infiltration  Several
authors recogmze the fact that the mfiltration 1s not due to infection *
Taylor'9! considered round cell infiltration more probably related to
resorption and secrction than to an inflammatory reaction This idea 1»
supported by our mvestigations 3% Also lymphocytes alone have been
credited with the removal of <ccretions and disintegrating cells 120

Infiltrations of lymphoeytes and the formation of plasmacytes at the
termination of lactation oceur in tissues which have a high protein content
This protemn 1s dernved chiefly from (1) cytolyis of alseolar epithelium
(2) the pooling of secretion 1n the lumina and (3) the mcrease of ex
travasated protem m tissue fluids Thus the formation of plasmacytes
from 1y mphocy tes in the mammary gland at the termination of lactation
should be regarded as representing synthesis and temporary intracellular
storage of growth promoting <ubstances which permt slower passage of
these substances nto the blood

Several nonbacterial pathological conditions of the mammary gland
are characterized by heavy infiltrations of lymphocytes and plasma
cytes 81 Plasma cell mastitis oceurs 1n conditions of stasis and mspr sa
tion of the secretions which are considered to be the eausative factor 8 4
Plasmacytes are the predominant cells but giant cells and foam cells are
also present grouped about lipotd crystals 573 It 1s significant that changes
1n the mammary gland 1 chronic eystic mastitis follow e sentially the
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Mast cells are cad to be capable of umuboid movement®? and, conse
quently, of diapedecrs 133 They oceur m subacute wnflaromations % but are
not phagoeytic 57 Bloom and co workers,®® with the ad of the electron
microscope, ob erved ‘a large number of small filamentous protoplasmic
protrustons on the surface of mast cells m a mastocytoma of o dog At
Jeast £wo investigators claim that mast cells along camilames pass gran
ules and certam other substances directly into the bloed stream by means
of their eytoplasmic processes which are mserted between the endothehat
ccils 1nto the lumina of the capilanes ® In vascular injury thece pen
vascular mast cells pass hepann through the walls of blood ves ek to md
1 forming a protective film over 1wyured endothehum and to prevent the
{ormation of a blood clot at the site of the myury %% However, certamm
mve bigators contend that mast cells do not possess the powcr of smeboid
locomotion (or of any other mode of locomation for that matter) and that
they are meapable of penetrating capillaries, of phagocvtosis or of true
<ecretory activity 8% They further contend that there 1s no agrecment on
the morphology function or ongmn of these cells % Jernstrom*s® states
that there 15 still no unamumty of opimon as to thewr origm or function
man  althou,h ma ¢ cells have been studied rather extensively <ince they
were recogmzed m 1863

Behrt (19271 believed that ma t eclls fix oxvgen by virtue of thewr hpod
and oxidase content and other investigators al o regarded them as carriers
of axygen ®3 T he inerease 1 number of mast cells 1n the mammary gland
during imtiation of lactation suggested to Higueh (1930) that mast cells
may base some mdirect relation to =ecretion 5%

ORIGIN AND DISTRIBUTION

Mast eelis oceur 1n aimost all of the structures m the bodv %3 Character
istically if not altogether they accur m loos or areolar connective tis
Sues (04 353 €93 108 gnd 1n manv diffcrent species @ 6% Flowever they
are rare i parenchymatous organs such as the liver hidneys and upra
renal gland  Mast cells are absent 1 cartslage and bone but are precent
tn marrow perichondrium and persosteum® which have httle loose con
nectine tissue Mast cells are al.o common i arthropnds and  oecur
mo ¢ astonshing numbers i fish tissue ¢

Various 1 estigators beheve that m both the higher and lower verte
brates mast cells may anse from tissue hemohistioblasts {resting wander
g cells) tissue lymphocytes or indireetly from globule leuhocytes In ad
dition mast celis may anse from  blood mast cells  ¢spcerally m lower
vertebrates % Baumer (1896) thought that mast rells were developed
from precursors (pre umably endothelial elis) mn the wall of artenoles and
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Mast Cell Interrelations

\Mast cells have been shown to store heparin 3% 846 1045 105 |y famne®®
T3 and po ably cerotomun® - ¢ &4 The fact that product of
mast cell~ occur 1n spheneal granule~ which are widels di pered after
Ivais of the cell (fig~ 1 and 7) 1ncrea-es the effictency of thewe cell 1
storing and in di tnbuting trephones ard pbarmalogiecal sub tances a.
compared w1th tho e trephoevtes which hberate therr products in the form
of a collordal or true <clutton The mtact granules of ma t cell become
cattered throughout a con 1derable area of t1 ue® ¢ and each granule
become- a center of actinity 1in-tead of the cell forming the center of dt
per 100 of 1t. products

NMa t cell have been called ba ophile t1 <ue cell basophile granulo-
cvte 3% heparmnocvte #* 4% hi taminoevte- ~* hi togenou mast cell
leuhoct tes with gamma granules ¢(Ehrheh 1879) ma t cells of Ehrheh
mucinobla t of Harn €93 mastoevte=1 91 ~ue ma t cell~ and other name<
Ehrlich (1877) maintained that the cell de-cribed by Waldever (1872)
as plasma cells were really ma t cell-* Ehrhch introduced the com
monly u ed term mast cell 10 1879 becau e he believed that the-e cell
repre~ented over nour: hed connectite t1 —ue cell ©* #* However 1t 1
sgmetime~ 1mpo «1ble to determine whether a <tatement concern t1 -ue
mast cells or circulating ma t or basophilic leuhoevtic cell~ becau e of
overlapping and otherw: e confu ed u e of termunology Inerdentalls th
mnpo g array of termmology presage- the exten 1ve and highls contro-
ver<ial literature on mast cell~

The morphology of ma t cells in normal ammal a <hown by camera
lueida tracing 1= highly vanable ©3 & The cell are irregular to pherot
dal 1n form and charactert ticallv den elv packed with large pherordal
bacophilie evtopla mue granules when thev are mature (fig 1) The gran
ule~ commonlt tamn metachromatiealls withmo t ba ic aniline ds es**¢ and
are u ually -0 numerous that thev ob cure the nucleu \a.t cell are
highlv polvmorphie when subjected to high ksdro tatic pres-ure the
pentoneal flutd of voung female rats treated with colchieine The poh
morphs m 1~ attributed to the effect of colchicine on the evtopla mie 11 -

coaty
wB



MAST CELL INTERRELATIONS 59

cells mmto mast cells The degenerating collagen apparently stimulates the
transformation with the result that certain components of the collagen,
especially AMP and <ulfur are <tored within the formimg granules of the
developing mast cells Thus 1t appears that the chief function of these mast
cells 1s to <alvage maternnl from the degenerating collagen rather than to
contnibute to the cause of <uch conditions as subchrome mflammation,
myxodema fungotdes and lupus erythematosus 1 winch thee cells are
greatly mcreased m number %2

Although speenlation 1s nfe hittle 1s defimtely known about the geneas
or mast cells This 1s chiefly beeause mnvestigators have been unable to
estabheh rehable entena for the recogmtion of the pregranular tages
wluch do not absorb fluorescent stilbatmdine #  and do not stain meta
chromatically as do mature ma t cells

Mast cells appear to be derived chiefly by the transformation of un
differentiated mesenchymal celis which are alnays fairly abundant in the
loose connective or arcolar, tr sue It 15 1n this tissue that mast cells are
most abundant 1 both young and adult ammals Tt 1s generally believed
that 1n the differentiation of the varous special types of conneetive tis
ues from mesenchyme many of the mesenchymal cells remain indefimtely
undifferentiated 3% *93 Alzo undafferentiated mesenehiymal cell dervatines
of the fixed type hike mast cells are dictmbuted ehueflv 1o the loo e con
nective t1 ue along blood ve <el<3% ©0 & 100 Thyg hoth the develop
mentally potentia) undiferentiated mesenchymal cells®® and mast cells
assume a conspieuonsly pernvascular distribution which 1s t iken, like pen
va cular mfiltration of the liver in twinor bearing hamsters % 2 53 to
indicate a very close relationship which 1s probably transformation

Earlier work showed that the more extensive degenerative changes were
acrompanied by a larger proportion of mast cells #** Thus correlation sup
ports the contention that mast eell granules may hberate histamine which
a1ds in reparr procesees by eausing local hy peremia with inereazed capillary
permeability That mast cells store components of degraded collagen 1n
their granules 1 .ugge.ted by the increa e i number of these cells 1n the
mammary glands 1n which collagen was replaced by fat 1n normal ham

ters 5% and by as ousntion with the de truction of collagen fibnils i Al
advanced cases of dic erminated lupus ery thematosus *

Mast cells are pre ent in large numbers n the peritoneal cavity e<pe
cially in the serous fluids of Triton cristatus (» salamander) rats eats
and certain other ammals (fig 1} %% They are rare ar absent 1n the pent
toneal flurd of rabbits 9 We regularly find numerous mast cells 1n the pert

toneal fluid me entertes and retropentoneum of normal and tumor bearing
hamsters
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probably, of other small blood s essels 8 The Dalgaards (1948) apparently
advocate a similar, although somew hat modsfied, paracpithelial ongm with
subsequent migration nto the perivascular connective tissue 8 However,
1t 18 generally conceded that undifferentiated me enchymal cells or reticu
loendothelial cells are the chief source of mast cells, 3% 50 85 but they “may
anise heteroplastically from lymphocy tes plasma cells, clasmatocytes and
Iistiocy tes through endogenous elaboration of mast granules”? Batesst
ludes that  the pred nt interpretation favors a possible onigin
from the Iy mphocy te ¥ Nuvertheless, he takes 1ssue with this view sinee he
did not find ‘mast cell centers m lymphord tissue and no cell forms werc
encountered intermediate betwcen lymphocytes and mast cells ” Our ob
servations confirm Bates statement that no intermediate cell forms were
found
A notable inereise m the number of mast cells 15 often defimtcly asso
ctated with some condition conducive to increased local protem (to cause
transformation of undifferentiated cefls into mast cells) such as oceurs in
hyperemia with mereased camllary dilation and leakage of protem and
carbohy drate, Iy mph stasis and/or neerosis of cells or degeneratton of col
lagen Thus the tenet of Casperseon and colleagues that the “presence of
high nucleic acid concentrations 1s essential for every biologreal protein
synthesis’ to take place® applics to the transformation of mast cell
from undifferentiated mesenchymal or other cells Conversely the destruc
tion of mast cells to Iiberate histamine 1s very important in the production
of hyperemia and 1ncreased capillary permeability as a means of concen
trating the e ential substances for brological protemn synthesis 1n tis<ues
The consecutive steps would be (1) hiberation of lustamine and hepann
(2) hyperemia (3) capllary leakage (4) fibroblastic prohferation with
the formation of AMP and (5) mast cell ‘invasion” Collagen 1s also
formed but not 1n a signifieant, quantity unti :ncreased ma ¢ cclls appear
This was the <equence of the cellular changes ob erved 1n the mammary
glands of 19 virgin hamsturs 43 to 96 days old that recerved 3 to 29 sub
pannicular'®® injections of aqueous estrogens (14 to 29 mg Lakeade}
during pertods varving from 1 to 64 days % Compancon of consecutre
ections of the mammary gland of the e estrogen treated hamsters stamned
with tolurdine blue by Hotehkiss PAS and Mallory 8 aniline blue con
nective tissue methods showed that the mast cells mercased during but
not after the formation of 1c1d poly harides (AMP) and collag
Jernstrom**® points out that 1t 1s especrally noticeable 1 non infected
tumors that pooling or tagnation of lymph in the tissues greatly favors
¢he formation wnd accumul iion of mast ecd] There 13 considerable ¢y
dinee that the o called nfiltration of mast cell- at <ites of collagen de
1 the result of the tran formation of certain undifferentiated

generation®®
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far more sigmficant <ource of ANMP, but they do not have a primary func-
tion of storing heparin or other AMP, ntracellularly Thus the mast cells
merely repre ent accessory <ynthe 1zing and storage cells for AMP, ex
cept for special conditions The greatest quantity of AMP 1s produeed by
fibroblasts A sigmficant function of mast cells 15 to svnthe 1ze and store
this form of polysaccharide 1n t1 sues and organs in which AMP cannot
be <tored extracellularly i an adequate quantity as 1t 1s m the ground
substance of most of the loose connective tis ues For example, mast cells
are most abundant 1n the conneetive ti sues of tho ¢ organs that have com
paratively little ground sub tance the conneetrye tis ue stroma of actively
and predomimantly, although nterrmttently functional mucopoly<accha
nde (MPS) seereting glands or the sublingual <alivary gland and Brun
ner s glands n the duodenum® ¥ ¢ and synovial membranes ©

In addition to fibroblasts, some cpithelial cells such as the goblet cells
of the inte tinal mucosa and of certamn other epithelial tis ues are capable
of syntheuzaing AMP The e «unple epithehal cells 1n contra t with the
mucin ecreting als colar cell= such as n the cublingual alnary gland ,
have available quantities of ANP an the ground <ub tance AMP scereting
epithehal cells 1gmfieantly oceur as a <ingle layer nnmedrately adjacent
torelatively conuderable quantities of AMP produced by fibroblasts Ma t
cells have the di tinetive function of storing as well as synthesizing AMP
Fibroblasts and epithelal cell however are able to <vnthesize various
types of AMP but with the exception of goblet cell they commonly do
not function as AMP storage cells Thus the ANIP produced by fibro
blasts and cpithelial cells 15 temporanly tored chiefly as wmtercellular
ground substance

The work of Bensley™ supports the tenet that fibrobla ts are the ehief
source of metachromatieally staimng ground substance 1n the panereas of
guinea pigs 1n w hich the pancreatic duet had been higated for 10 to 14 day<
and m the slightly edematous mucous stroma of the human uterus after
the period of menstruous repair The ground <ub tance gave no appreciable
metachroma 1a with tolwdine blue 1n erther ca e until fibroblastic pro
hferation became obvious However neither the pre ence nor the ab ence
of ma t cells mn the pancreas or uterus 1s recorded

The absence of mast cells in blood and lymph and their pre ence 1n con
nective tissues <uggest that their ongm and di ntegration occur 1n the
connective tissues Thus mast cells are unlihe lymphoc) tes 1n being es en
tially fixed cells but are ssmlar to plasmacy tes because they are not nor
mnlly carried 1n the blood stream For mstance Ewing ®  tates that he
has net<r een more than =ingle examples of mast cells m blood mear<
Jordan*® noted the ab ence of mast cells m blood although he cbseryed
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FUNCTIONAL RELATIONS

The mast cell appears to be a synthesizing and storage cell for funda
mental forms of (AMP) Unlike small lymphocytes and cosmophils, the
mast cell 35 a relatively fixed cell and cannot transport its products ef
feetively Tissue mast cells of vertebrates are morphologically 1dentical
with trephocytes in invertebrate<,*® and are recogmized as trephocytes m
most vertebrates %

Mast cells appear to be related to multiple metabolic processe , many
of which may be attributed primanly to the presence of certain compo
nents, chiefly AMP 1n the mast granules Results of our work and that of
several other mvestigators support the tenet of Asboe Hansen ® ** that
mast cells play an important part i the formation of hyaluronie acid
(HA) However these results al<o mdieate that mast cells have additional
essential relations to other processes such as the formation of collagen,
heparn, mucin histamine possibly serotomn and dermal pigmentation
and, that these cells play a sigmficant part in the detoxication of certain
substances The e functions, however, cannot be attributed entirely to
mast eells The mast cells are a sort of special aceessory adaptation for
storing and providing readily available components for vartous proces es
and listamine to merease capillary permeabihty It has been recently
shown that mast cells contain serotonm (5 hydroxy tryptammne)® 76 8%
which they synthesize from 5 hydroxytryptophan by the action of the
enzyme 5 hydroxy try ptophan decarboxylase 57¢

The trephocy tic relations of the mast cell appear to be primanly de
pendent upon the nature of the substances which 1t has tored 1n its mast
granules Thus the functions of the mast cell proper (the nucleus and
cytoplasm) appear to be limited to (1) the synthests of the contents of
the granules (2) the storage (mecluding ripening processes ) of these
granules and (3) their release at propitious moments However because
of other maplication 1ncluding those of a ¢y togente nature any recorded
approach to analysis of the functional relations of mast cells leaves much
to be desired The problem 15 further complicated because despite the mul
tiple functions ascribed to them ¢ 1t 1s not obvious whether or not mast
cells are actually essential under other than hmited conditions for fibro
blasts and certain eprthehial cells are al o eapable of synthestzing AMP
However, 1t 1s doubtful whether or not fibroblasts and epithelal cells
could obtam the neece ary components for synthesizing an apprecrable
amount of AMP without the aid of histamne in producing hy pererma and
mereased capillary permeability Mast cells are by no means the most
even a proportionally sigmficant general source of ANMP

mmportant or
. d with fibroblasts Quantitatively fibroblasts repre cnt a

when compare
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amount of AMP 1n granules of mast cells represents avery mall percentage
of the total AMP that arc synthesized 1n normat or m mo t pathologreal
1 sues (3) Mast cells are related to several varied 1 peets of ANIP metah
olism such as mucin ecretion and the formatton of HA which make 1t
more difficult for onc to di cern the s ential function of thesc celle (4)
\Last cells are not primanly as ociated with the production of a single ty pe
of MPS such as muein while goblet cells apparently obtain AMP chuefly
from the ground sub tance underlying the ba ement membrane mast cells
take over the function of supplying ANP for everil muetn secreting
glands, such as the sublingual salivary glands (5) The formation of AMP
by mast cells 1s not a continuous or regularly recurrent proce s rather, 1t
15 4 single proce s which 1s not dupheated as 15 the ea ¢ 1n the formation
of collagen 1n sear tissue

Effects of Nutriton

The mast cells were so named by Ehrlich (1878) beecause he beheved
that they v ere overnouriched connective tissue cells and inadscrtently he
thus directcd research efforts along the line of nutntional relations of these
cells Some 1nvestigators support the 1dea that mast cells imncrease under
optimal nutritional conditions and decrea ¢ under adver e nutntional
conditions of the mdividual However others maimtam that the number of
mast cells 1s not altered by erther optimal nutrtion or by inanition %% After
observing the pre ence of many mast cells i the fat of fish and i the i
testine of well fed salamanders turtles and horned toads and erther the
paucity or entire absence of these cells in the gut of the last three specics
following bernation Michels®? suggested that theremay bea possibility
of a functional correlation of mast cells with nutritional conditions
Tuma s (1928) work upports this view since he reported that in normally
1{ed rats the mast granules stained readily with Scharlach R Sudan IIT
and ammoniacal silver but that in vitamin deficient rats these methods
ifatled to stain the mast granules 83

The presence of splanchnic ba ophile cells 1 the mtestinal villi and

their tendency to form a distinct layer at the baces of the vl sugge ted
to Hardy and Westbrook (1895) that the mast granule 1s a center of

synthetie activity 1n respect to the food which passes through the mu
coa 693

Starvation apparently reduces the mast cell population at least m sorne
ammals or under certain conditions however the available data are scanty
and mostly mcomplete particularly beeause many of the observations
werc made under vanable conditions and were sometimes hmited to a
mngle tissue or <tructure We tbrook (1890) found that animals under
starvation had a greatly reduced number of granules m the mast cells
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a igh content of these cells 1n the loose tissues along the walls of the
smaller blood vessels and m bone marrow Contranly, Nagayo™! lists bone
marrow as one of the mternal organs in which mast cells do not occur

The distribution and number of mast cells indicate that the mast gran
ules may not be 4 speaific form of AMP, but rather that they contamn an
essential, although inactive basic form of AMP wlich 1s released from
the granules to become a speeific polysacchanide such as heparm or by
aluronic acid or they may supply components for the secrction of other
MPS, such as mucinogen The number and distribution of mast cclls has
further sigmficance from the standpomt of the concentration of AMP be
cause there 15 a need for s3 nthests and exten 1ve storage, as well as ready
avaulability, of AMP 1n several tissues that ether do not contan suffi
clent amounts of ground substance or do not contvin many fibroblasts
Thus, there 1s normally a concentration of mast cells in such tissues as the
mesentery and synovial membrane Although the mast cell 15 not the only,
or even a significantly volummeus source of AMP 1t 15 important tn the
metabolism of AMP This 1s because 1t 1s a ty pe of synthe 1zing and storage
cell that 1s capable of unloading 1ts preformed contents almost nstantly,
in contrast with fibroblasts and emithehal cells which commonly produce
a small continuous supply of AMP over longer periods of time

Apparently, the mast cell has the ability to release simultaneously both
hepann and histamine from an mnactive to an active state 83¢ 1955 Since
heparm may exert an mhibiting or controlling effect on the release, or
action of histamine #18 the combination of heparin with histamine 1n 1n
active form appears to be an unusually effeetive means of storing these
phystol 1ly potent substances The distributton of mast cells 1n the
<ublmgual salivary gland® 7 and Brunner s glands 7 ® ® where mucigenesis
18 very active at trregular intervals and fibroblasts are not numerous, sup
ports this idea

The large number of mast cells 1n the mesentery of most mammals alse
indicates that the mast cell stores AMP However the relation of mast
cells to the small mesenteric tnbutaries of the hepatic portal ven and
subsequently to detoxication proce ses in the liver may be another reason
for the large number of these cells 1n the mtestinal mesentery and great
omentum

The wignificance of mast cells m AMP metabolism 1s not widely con
sudered by mvestigators for at least five reasons (1) Mast cells arc not
recogmizable 1 most routine histologieal prcparations beeause the gran
ules are <oluble 1n mo t of the u ual fixatnes employed and/or are not
stained by the usual stammg methods (2) Fibroblasts probably produce
a greater volume of AMP and certan of 1ts more speeialized derivatives
than do the eplthclml and mast eells under normal conditions Indeed the




MAST CELL INTERRELATIONS 065

15 cuggested This mlitates against the 1dea that their form and «ze 1s
maintamned by mterfaces as 1n 1n emulsion

Julen Snellman and Sylven (1949, 1900) believe that the mature mast
granule probably has an orthochromatically staintng protem nucleus or
core covered by a metachromatieally staimng substance whieh 1s presumed
to be ‘“wcll esterified and active hepann °  Berg (1951) states that the
mast granule appears to conwist chiefly of kipid <trongly bound to pro
tein 8 Hedbom and Snellman’t analyzed washed large mast cell gran
ules (presumably Type IT of Riley)® * that were 1solated from the hepatie
capsules of fresh frozen bovine Iners The average values of the total
amount of the acid soluble, ipid and protem fractions which they found
expreswed m per cent of the dry weight,’ were mitrogcn, 13 0, phosphorus
140 sulfur 039 proteins and nucleoprotemns 720 and hpds 230
Studer®® points out that mast granules are not affected by desoxyribonu
clease or nbonuclease, which indieates the preence of little or no nucleic
agids

There has been & marked tendency for a number of mvestigators to
ascribe 2 ungle function to mast cell granules, while others regard theee
granules as being capable of playing tmportant parts m supplying com
ponents for several physiologically active substances such as hepanin his
tamne serotonin and HA Certain mvestigators believ ¢ that the substances
are stored 1n a free, or nearly frec state within the containing granule and
are more or less mechanically Iiberated by lytic agents or by autolysis
Others believe that the sub tance (or substances) 1s stored within the
granule 1n a bound or otherwise mnactive state and requires activation, as
well as Iysis of the granule Equally fi msy be the bimation or
coexistence with physiologically active perhaps even antagomstie sub
stances within a single mast cell The fact that histamine 1s stored 1n ¢y to
plasmie granules especially m mitochondna ¢ 6 ? that Berg (1951) claims
the mast granule 1s a hpid strongly bound to protem %% and that the
nature of the enzyme content of the granule mn many species 1s known
probably led Riley® to regard the mast eell granule as a heparin contamn
g mitochondrion If viewed from an experimental point of view such
a complicated condition 1s diseouraging to contemplate because of the diffi
cultie 1n estabhishing proof

The presence of AMP 1n the granules of mast cells has been farrly defi

mtely established by various procedures and 1s generally conceded to be
an essential component for the synthesis of the active or defimtive sub
stances Dlast cells are known to contamn sulfur but whether the mast gran
ules contam an appreciable amount of this element apparently has not
been determimed In 2 month old brown Leghorn chichens moculated with
T lyophilized Rous sarcoma virus ntramuscularly and injected sys

T
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Starvation increased the number of mast cells 1n amimals, according to
Sampanow (1908), whereas Naheyimo (1928) and Nagayo (1928) reported
i that mantton caused an imcrease of up to 20 3 per cent 1n the numbers of
| mast cells 1 the tissues and pentoneal flurd 1n rats © Ballowitz (1891) re
ported that bats (Vesperugo), which had been previously well fed, showned
no “sigmficant change in the number volume or distribution of tissue mast
cells’ when ‘ hept without food from October to April ? 1 Westphal (1880)
reported that people who were dying of emaciating discases had an un
altered ratio of mast cells 83
Certain investigators have shown that feeding frogs which had been
starved for a long time caused & marked numerieal increase i tissue mast
clls %4 Nakapima (1928) and Nagayo (1928) reported that when rats
were fed on cow smilk the perttoneal mast cell count rose from the normal
(3 5 per cent) to 7 6 per cent %3
Hibernation may or may not mcrease the number of mast cells A sala
mander (Amblystoma), turtles, and horned toads had very few or no
mast cells 1n the gut durng or after lubernation, but “in the fall the gut
contamned many mast cells’ 8* Huma and Suomalament® found more
mast cells in htbernating hedgehogs than n active ammals whle Peter®®*
reported that mast cells were more numerous n the hedgehog after lnber
nation and 1n early spring than during the summer or fall

Mature of Mast Cell Granules

Tt 15 almost 1mpossible to mahe a distinction between the activities of
the mast ccll as a whole and the physiologreal activities and relations of its
granules The charactenistieally basophilie usually metachromatically or
periodic actd Scluff (PAS) positinely staming e toplasmic granules ap
pear to be directly related to the only extracellular activities a<eribed to
the mast cell However freed mntact mast granules apparently are mert
untat the contamed substances are released by dlysis or Iy 15 hohsal *
found that intact mast granules 1 olated from subeutancous faseia’ of
muce g e the u ual metachromatie reaction with tolwdine blue but had

no coagulant effect on mouse bleod The extract which was obtained
from the 1olated mast granules by the extraction method of W ilander™*
was strongly anticoagulant and 1t stained metachromatrcally with tolm
dine blue

The question of the structure of mast cell granules has not been satts
factorily answered Apparently since mature granules are fairly uniform
the general size and spheroidal form 1s controlled by certamn chemeal
and/or phy 1cal agents perhaps wath the aid of a =ort of delmiting mem
brane or interface 37 Beeau e these granules retain therr spheroidal form
for come tume after the rupture of the mast eell, the presence of a membrane
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content? ! and that Bendutt and co workers® found the ratio of eosinophils
to mast cells to be 1 to 200 m certain areas in rats
Mast cells of dog hamster, man mouse and hairless mouce contain the
following substances 1n sufficient quantities to give a good or strong reac
tion to the various tests employed thermostabile peroudase cytochrome
ouda ¢, allalne pho phatase acid phosphata e, ® 5 hipa ¢, ipuds (prob
ably phospholipids) Sudan black po itive granulea 7% di ulfide,** <ulfur-3
and, probably, —SH  but certain mmvestigators did not find lipord 1n mast
granulesof rats 7 119% Howcver the most significant trephoey tic contnibu
tion of these cells to omatic growth as sueh 1s indirect—for, normally,
mast cells contribute to certain phy<iological proce ses by the formation
of AMP 1 Sthey produce heparin or precur ors of hepanin 53 8,9 834 096
18357109 hstamned € 80 1045 199 garotomn (5 hydrovy tryptamine)sT®
and HA ° * Nevertheless, the po sibility that mast cells may contan
hu tamme or 1ts precursors which upply added amounts of protein to
tissue flwds by increasing the drameter and permeabihty of capillaries,®
200 3%0 391 407 41 0 1034 35 gne of the various possibilities that should not
be overlooked The wide distribution of mast cells in vertebrates and var
10us structures of single individuals has resulted mn a great amount of Iitera-
ture on the relations and functions of thece cells 131 608 63z 990
The granules of ma t cells are not pure AMP becau e lnstamme {pos
tibly bound with heparin), several enzymes (posibly serotonm) and
other sub tances hase been found in them However, the enzymes and
other substances are not considered to be pnmary or characteristic com
ponents of mast granules Several enzymes which occur in the granules of
mast cell euch as cytochrome oxida e 3 peroxida e lipase ™" and alkaline
hosphata e ™5 are not charactenstic of mast cells but are commonly
found 1n various cells
Reported vanations in the presence or ab ence of several <ub tances in
mast cell granules have not been consistent and may indicate erther that
there are differences in the content of the substances in mast granules or
that there 13 contamination or adsorption to granules of ome of these sub
stances Compton'®® states that the majonty of mast cells treated wmith
Sudan black B for 7 minutes do not stain hosever many ma t cells near
fat cells contain positive granules  For example the granules of mast cells
from the human stomach contam lipoids ™ v hereas mast cells 1 the con
nective tiseue of the rat do not contain stainable hpordal matenal or fatty
substanee ** 1193 Granules of mast cells n man dog and hamster con
tain more sudanophile substance than those of the rat or mou e ° How
ever Tuma (1928) reported that the mast granules of normally fed rats
were stairable with Sudan 111, Scharlach P and ammonracal siler
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tenmeally with sulfate labeled with radioaetiv e sulfur (S ), the mast eclls,
as well as the normally mctachromatie ground substanee and metachro
matie eytoplasm of the tumor cells, sneorporated 1 3 Ineadentally, cont
prratndy few of theanve tigators mamfe £ any intere ¢n the sigmficance
of or the mcthods by which the mast cell sy nthesizes and/or stores AMP
mo t of them are mterested i the hbcration and/or (ficets of the AMP
produets particularly heparin and HA Thu 1t 15 gratify ing to note that
von Marbet and Winterstemn993 direct attention to the fact that beeau ¢
of their great phy <tological and therapeutic importance, the MPS are being
v estigated on a much broader seale and much more intensively 1n the last
few 3ears The result ss that heretofore unhnonn pharmacody namse prop
ertres of AMP are being de erthed and a much wider ficld of relations has
been ascribed to tho ¢ combinations of MPS winch have been hnown for
years For example the heparins chondroitin sylfuric aerd HA and con
neetive 11 sue ground substances are hnown to play vanously important
parts 1n trancportation and water balance 1n ecliular metaboh m
The controversial hiterature on the ubiquitous mast cell whiech includes
widely diversified 1deas concerning the ongin development morphology
and functions of this ccll as well as the 1dentity of 1ts components and
stored contents and the means by which theee substances are stored and
releasud suggests that the relations of the mast cell to cnzymic activity
may be <amew hat complieated Although Sehrt (1827} recagnrzed the pre
ence of oxidase m mast cell 3 apparently httle work has been done on
cpzymatic activity myolving mast cells until very recently
Gomor1, 3 using chloroacetate of alpha naphthol or naphthol AS chloro
acetate as the substrate demonstrated the activity of an enzyme pre ent
1n mast cells which reacted strongly and preferentially with mast cells and
Jess rapidly with myeloid elements in paraffin sections of acetone or neutral
formahn fixed tesues from dog man mouse rabbit and rat Although he
did not wdentafy thus enzyme he is certmn that 1t was not 4 cholinesterase
Benditt ¢ ysing  the chloroacety ! ester of 2 OH 3 napthoie acid anihde
(CANAS) s a histochcmucal substrate demonstrated the presence of an
enzyme sh mast cells obtamed from rats whieh had certamn propertics that
resembled those of chymotrypsin When he compared the actnity of the
mast cell enzyme on the substrate with that of erystalline ehy motryp 1n,
he found that 6 5 mm?® of the mast cells were equivalent to about 80 xg of
the chymotrypsin The mast cell enzy e was dersved from  punified mast
cells 1solated from the peritoneal cavity of rats and from a homogenate of
rat fect shin In connection with these findings 1t 1s mteresting to note
that the shin and subcutanecous fascia from the feet of rats have a very
\dcnsc mast cell population®® 71 and a very high (610 ag/g) histamine
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content? ! and that Benditt and co worhers® found the ratio of eostnophils
to mast cells to be 1 to 200 1n certamn areas m rats

Mast cells of dog hamster man mouse and hairless mouse contun the
following <ubstances 1n sufficient quantities to give a good or strong reac
tion to the vanous tests employed thermostabile perovidase cytochrome
oxida e, alkaline phosphatase acid phosphatase ° ™ hipa e, lipids (prob
ably pho phohpids) Sudan black positn e yranules ™ di vlfide 4 <olfur *
and, probably, —SH, but certamn investigators did not find hpoid m mast
granules of rats ™5 1103 However, the most ignificant trephocy tic contribu
tion of these cells to omatic growth as such 1s mdirect—for normally
mast cells contnbute 1o certam physiologiral processes by the formation
of ANIP 1 8 8they produce heparin or preeursors of heparin, 30 8 0 854 996
10851094 listamine,d © 830 1045 1055 sergtonin (5 hydroxy tryptamine)37®
and HA ° 2* Nevertheless the posstbility that mast cells may contan
histamine or 1ts precur<ors which cupply added amounts of protem to
tissue flmds by increasing the diameter and permeability of eapillaries 8

00 390 331 407 41 705 1084 y¢ gpe of the various possibilities that should not
be averlooked The wide distribution of mast cells i vertebrates and var
10us structures of single individuals has resulted in a great amount of litera
ture on the relations and functions of the e cell, 181 608 631 9%

The granules of mast cells are not pure  AMP because hn tamine (pos
sibly bound with heparin) several enzymes (possibly serotomin) and
other sub tances have been found 1n them However the enzymes and
other <ubstances are not considered to be primary or charactenstic com
ponents of mast granules Several enzymes which occur 1 the granules of
mast cells such as ¢y tachrome ouidase 3 peroxidase lipa e 7% and alkaline
phosphatase ™5 are not charactenistic of mast cells but are commonly
found 1n vanous cells

Reported vanations in the presence or ab ence of several substances 1n
mast cell granules have not been consistent and may indicate erther that
there are differences 1 the content of the substances 1n mast granules or
that there 13 contamination or ad<orption to grinules of some of these sub
stances Compton®! states that ‘ the majonity of mast cells treated with
Sudan black B for 7 minutes do not stamm however many mast cells near
fat cells contain positis e granules For example the granules of mast cells
from the human stomach contain lipoids,7 whereas mast eells 1n the con
ntetive tissue of the rat do not contain stanable hpmdal matenal or* fatty
substance 4 119 Granules of mast cells 1n man dog and hamster con
tam more sudanophile substance than those of the rat or mouse 7% How
ever Tuma (1928) reported that the mast granules of normally fed rats

were stainable with Sudan II¥ Scharlach R and ammonacal silver ,
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whercas Selirt (1927) attnibuted the po<itin e oxada e reaction of mast cell
granules to ‘their ipord content whieh has the power to fix oxvgen’ ™
Several other investigators have reported that they were unable to obtamn
poutnne reactions of the granules with various hipoidal or fat rcagents,
Hammer (1912} found that hipoid eolvents had httle or no effect on the
granules &

FIXATION AND STAINING

Metachromasn which 1 o common reaction of mast granules with cer
tan catiome amline dyves®' 11 and PAS reactions are brefly di eu ol
1 the following section The usual mecthod of fining and staimng anmmal
t1 uesdo not consi tently demonstrate ma t cell granules*s 7 and 1
Iarly bloed smears staned with toluidine blue give a highcr ma t leuhoevte
count than when staned by the \May Gruenwald Giem a method 7 Ion
ever for geveral decades at certain Iaboratonies (notably at the Zoologteal
Iaboratory Unnersity of Pennsylvania under the direction of C E
McClung), test tube or filter paper ring <pread preparations were made
of omentum as routme class work to demonstrate mast cells Honever ths
method was of httle md in prepanng other tt sues for the «tudy of ma t
granules

Routine Fizxation and Stauntng

It 1s generally known that routine fising and staming method are not
rehable when ustd to demonstrate mast cells ™ € 84 Nny (probably
most) of the e tigators avord the u e of aqueous fixing olutions 1n pre
paring mast cells espeeially mammalian t1 ues’! 4%¢ or mammahan and
lower vertebrate i1 sues 8% Some including Bolton (1933} recommend
Helly s flmd or bichloride of mereury 1n aqueous olution ®* However
Carnoy’s fluid probably becwu ¢ of its acidity pre cries the granules
poorly ® Although m estigators have been warned by Jorpe % \lichels™*
and many others that mast cell granules are oluble 1n mo t aqueous solu
tions surprisingly fow authors or readers take this waom erously Several
fixing and staimng techniques have been devi ed to prevent thelo <ofma t
granule substance Some mie tigators beheve that lead 1s e< entral for
this purpose mn fixing flinds for mast cells A Inghly recommended mast
cell fixati ¢ contamns 1 per cent lead <ubacetate and 0 5 per cent acetse acid
1m 50 per cent alechol 7 Asboe Hansen'® and Iverson*®? favor a 4 per cent
<olution of lead subacetate and deplore the u e of alcohohe ofutions We ¢
5758 have found that mast cell granules 1n mammalian t1 ues fized n
4 <olution of bichlonde of mercury in alcohol stun well and do not dis
<olve when deparaffimzed sections are left 1n water or alt <olutrons for 48

hours
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We have succe <fully used sublimate aleohol (71 per cent mercuric
chloride 1n 70 to 7o per cent ethanol), to fix mammalian 1 ues 1 order to
tudy mast cells with toluidine blue O, and other methods for several years
Ths fixative 15 rapidly prepared as follows put 280 g of granular or pow-
dered <ublimate 1n a clear glass bottle with 2890 0 ml of 95 per cent ethyl
aleohol and shake until 1t 13 di <olved Add 10300 ml of water T suesn

ample volume of the solution fix thoroughly 1n 12 to 24 hours

Metachromasia

Ehrhich introduced the term “metachroma 14 1n 1879 to de ignate the
<taining reaction of a structure 1n a tone differing from that po e ed by
the dy e #°* Szirman'®™ points out that metachromasia 1s a reaction of basie
dy e molecules bound to negatnvely charged macromolecules (Sulfate phos
phate or carbovy! groups) Several investigators believe that the meta
chromatic color of ma t cells 1~ stable 1 alcohol and 1» thereby unbhhe
that of amyloid and to a le s extent other metachromatically staming

ub tances, for example, mucous matersals and eartilage #1°

There 1> con 1derable albeit not always clear evidence whrch indrcates
that metachromatieally staming mast granules ucually occur n the older
(Type Il of Paley® ) ma t cells and that their granules ¢ pectally m the
rat contamn only the higher ulfates of heparin  the di and tri-ulfates,
as shown by Jorpes and colleagues (1948) The younger mast cells (Type
I of Riley) contam only the mono uliate of heparn and consequently
stain PAS po itively®  or orthochromatically but do not tain metachro
matically Schubert and Hamerman ® in their exhaustive tudy of meta
chromasia, extend and claborate Ehrlichs early basic and Szirmai 1004
contemporary defimtion to include not only the metachromatic eoloration
of tissues and structures but also certain systems m <olution Metachro
matically statming anionie structures are called chromatropes <ince they
cause the color changes 1n catiome amline dyes known as metachromasia
behubert and Hamerman caution that since there 1s much controversy over

the distinction between true and false metachromasia  the rehability
of vanous h 1c dyes the ch | nature of the chromotrope
pre ence of hibitory factors in the t1 ues and other conditions meta

chromatic taining 1s one of the more treacherous histochemical tech

niques  Several non chromotrophic cubstances are recogmzed a mmhibitors
of metachroma 13 Thus alt cations which may present metachromatic
taining of mast granules e~pecially if the dye 15 1n low concentration and
certain proteins notably gelatin and albumin 1n taming hy aluronate 1n

hibit metachromastain ti ue<® Iver<en*®? <tates that in normal ammal<
made thyrotoxic by admim tration of thyroun the connective tr ue
ground ub tance lo es most to all of it< eapamity 1o tain metachromaty
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cally with toluidine blue, and only a few mast cells may be seen Sinee a
number of 1nvestigators, some of who e works are cited in this seetion,
grve extensive di cus ons on the chemistry, microtechnique and signifi
cance of metachromasia we shall comment only briefly on some of the
controversial points of this subject

Pearsc ! using aqueous <olutions of toluidine blue and mounting fre<h
tissue o glycerine Jelly or corn syrup recogmzes two types of meta
chromasia (1) beta (violet color) can be cau ed by lughly polymenzed
carbohy drate or phosphate contaming compounds , and (2) gamma (red
color), probably duc to sulfate e ter~ He states that AMP usuallh give
gamma metachromasia and that  polymenzed compounds contuning ear
bovy! or pho phorvl groupings and occasionally ‘nucleic acids m par
affine give beta mctachromasia It 1s al 0 pointed out that the meta
chromasia of tolwidine blue does not give a elear differentiation between
the sulfated MPS and hyaluronate 8¢

Kramer and Windrum ® chow that <ulfation ( fuming sulphuric actd
acctic anhydnde cther mixture ) does not 1mpair the sub equent meta
chromatie staining of mast cell granules but that certain other PAS po1
tine structures such as bascment membranes show intense gamms (red)
metachromasta Wisloch and co workers 1'%° found that mnst cell granules
of man monhey and swine which were strongly PAS positive stamned as
intensely metachromatieally wath toluidine blue as did the granules of the
rat whieh were more fantly PAS positive

Hebdom and Sncdlman®'t found that the mast granules from homoge
nates of ox liver eapsules su pended tn 020 to 0 88 w1 sucrose or a salt olu
tion for some time when supravitally stamned with azure A were an
orthochromatic blue while those granules treated for varving short pe
rods al o stained orthochromatically but were surrounded by metachro
matic halos of varying densities We al o obtamed metachromatie halos
by subjeeting sectioned t1 sues which had been fixed in sublimate aleohol
to long exposures 1n a wide range of molar <olutions of NaCl and stainmg
with toludine blue These results strongly indicate that the strength of
the salt solutions used by ~ome nvcstigators i estracting hepann lihe
substances from mast cells probably accounts for their vanable findings
and conclusions 870 993

Unfortunately as everal investigators!8! 88 693 90 point out the meta
chromatic stmning of granules of mast cells fails to provide adequate 1n
formation on the chemical nature of these structures because the signifi
cance of metachromasia has not been defimtely established Licon (1936)
attnbutes metachromasia to the presence of esters of sulfunic acid having
a lugh molecular weight whereas kelley and Miller think that all sub

«tances that have a ngh molecular weight and an acidic function are
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metachromatic 70 T e15s197 gttributes met <13 10 mast to
the sulfate groups which are present in hepanin However, since HA 13 8
sulfate free carbohydrate, ® Wislochi and co workers!?® pomnt out that
the sulfate linkage 1s not nece ary because HA stains metachromatically
Furthermore 1t has repeatedly been shown that treating mast cell granules
with hy aluromdace does not abolish the metachromasia m them 51 #se 998
Since hyaluromdase merely liberates the dm\cchzmde m HA, and any
further degradation of this acid 13 “due to other enzymes’  ®hyaluromidase
could hardly be expected consistently to efface metachromasia n exther
mast granules or in HA

Gatenby and Pamnter®S suggest that it would appear that m thionm
stained tissues the change of mucin metachromasia to orthochromasia by
alcohol and back to red by water 1s one by which an amino group be-
comes freed from 1ts combination with the mineral acid of the salt,” pos
sibly as Holmes (1926) has shown where ‘an addition product may
result 1n which the pentavalent mitrogen becomes trivalent with corre
<ponding change 1n color In the ease of thiomn the acid 13 suposed to
change its connection to the mitrogen which unties the two benzene nings
However a number of imyvestigators take exception to this 1dea 8¢

Another explanation of metachroma<ia 1s that it may be due to tau
tomer1 m™® because the change does not involve great alterations in cherm
eal strirctures #8 Schubert and Hamerman®! indicate that any explanation
of metachromasia must include conuideration of the shapes of polyelec
trolyte molecules n solution and the sigmificance of ab orption bands
of solutions of dyes as well as the formation of water msoluble com
pounds Sz1rmar*®* suggests that control of the pH and <alt coneentration
affects the intensity of the metachromasia which can be used to obtain
further information on the chemical nature of metachromatically <taming
ground substance 1n the cock s comb The strong toluidine blue or thionine
metachromasia which Feyrter (1936) observed in the sheath of myehn
ated nerves 1n frozen <ections has been ascribed to HA by Altschuler and
Angevine® because they found 1t to be reversible by using hyaluronida e
on paraffin sections 7 Michaelis (1947) discovered that the presence of
carboxy 1 groups causes metachromatic effects in haghly polymenized carbo
hydrates and he also beheves that metachromatic effects occur in high
polymers of metaphosphate 1n yea t cells ¢

The mterpretation of metachromasia 18 further complicated by mmero
technieal problems which 1 routine procedures seem too trivial to recenve
any consideration since they mvolhve the effects of aleohol and/or nater
on determining whether a tissue stamns urthochmmntlcully or meta
chromstically In addition to the orthocl h ly there
are tno vareties or types of metachroma 1a that may be obtammed with
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toluidine blue or other dyc~ \ichachs shows thit the ab orption peetrum
of toludine blue has three bands (1) alpha {monomeric, bluc 1n color,
orthochromate), (2) beta {dumerse, violet 1n color, metachromatic) and
(3) gamman (polymeric red m coler metachromatic) e al o found that
changing the stained scetioned tis ues from water to alcoliol cau ed the
return of the blue (mmonomeric) color which Pear ¢ behieves 1s due to
the pre ence of both aleohol and water Thu , the u ual “up grading
through alcohols to xy lene would cau ¢ most of the poly aechande contan
g tresues 1n toludine blue stained scctions to stain orthochromatieally
(blue) Tust how the combination of alcohol and watcr converts meta
chromasia to orthochromasra 15 not understood but 1t has been ob erved
that breathing upon metachromatic alcohol wet  cettons wall supply
enough watcr to cause them to turn blue in tantls Properly fixed and
sectioned t1 ues that contan AMP, rctam the metachroma 1a af the
alcohol <eries 1= avoided by blotting and pas g them mto xvlene *

Mast cell granules cultivated in tiro give vanou tinetorinl reactions
with tolwdine blue that range from negative to an nten e reddich purple
color "% while HA stamns metachromatically 393 93 Like mast cell granule
probably because of the AMP 1t may al o tun positively with PAS!
as explamed by Lilhe % Likewise, conneetine tis ue ground substance
stains varmbly 17 1 108

Compton '™ after reviening the hiterature on the <igmificance of meta
chromasia of mast cclls concludes that with our present mnformation
about the only safe interpretation which can be made concerning meta
chromas1a of mast cell granules 15 that they probably but not certunly,
contain a compound with ligh moelecular weight and acidie functron
The varous cxplanations given for the metachromatic and PAS po ttive
statning capaatices of such AMP structures and sub tances a< (1) mast
cell granules (2} ground substance of connective tissue and (3) HA, are

discus cd at considerable length 1 the literature 4 66 3¢ 613 ao2 71
788 700 703 88 01

PAS Stmming Reactions

The PAS 15 a general histochemical taming method de 1gned to visualize
polysaccharides in t1 ~ues for micro copical :dentification of the contumed
carbohy drates Stnce the PAS method tams only the poly acchardes an
excellent triple method deseribed by Himes and Moribert3? 1s gaining favor
This method differentially stams deoxymbonuclcae acd (DNA) poly
<accharides and protemns and thus greatly facilitates the wdentification of
Tistologieal and ey tological structures other than those which tain PAS
The Hotchkiss (1946) method with vamations 1s the most

tiv el
LA d, although McManus independently presentcd the sume prin

widely use
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ciple 1n the <ame year ** Polysacchandes commonly stain & violet fuchsin
color dependent upon the chemieal nature and other factors 1n the poly
saccharide and upon vartations in the techmque includmg the counterstain
ucd Glycogen muemn muco protem and presumably hyaluronic acd
and clutin’ may be stained by this method 47 Others find that HA 1s
strongly PAS postive * We have found that the basement membrane of
vanous epithelial tissues stains <harply by the PAS method Other invest:
gators also report that basement membranes are PAS positrve # 7 1109

The staming reaction of granules of mast cells following treatment with
the PAS reaction has been considered by numerous authors but has not
provided a specific answer to the chemical composition of the granules
Mey er®® believ es that the PAS stain  does not permut di tinetion between
the various components of the ground substances and from this he deduces
that stamnng reactions would be expected to vary, since HA from various
sources vary widely m theirr phy=cal properties from that of umbilical
cord Tt has been found that differences 1 reactions to the PAS method
occur (1) among mast granules within the same individual and tissue 18

7809 9 (9} 1n mast cells of different peciest® 119 and (3) mn granules
of a single mast cell #% 8 Such vamations would be anticspated if the
granules of mast cells are a basic form of AMP that can be utilized n
tis ye fluids and by other cells 1n multiple a pects of AMP metabolism

The PAS method has been considered to be 1n part, the cause of ome
of these discrepancies beequ e shght variations such as water oluble and
water msoluble methods are used to identify different hinds of carbo
hydrates 131 347 90 Also shght variations m application could gtve drverse
re ults Individual varations m the use of the PAS method do occur
Pearse™° states that 1t mu t be emphasizcd that dafferences in the PAS
reacttons of g1ven structures reported by different workers are as much due
ta variation m technrque as to vanation 1 the structures themselves
For example Compton'®! found that mast cells were negative at 15 minutes
m the Schiff reagent but that many but not all mast cells were positive
when left for 21/ hours

Another cause of differences m the reaction of the granules to PAS may
be because different granules contain AMP n varying degrees of polymert
zation Pearce ® pomts out that the concentration and degree of poly
merization of a substance is an 1mportant factor in controlling the color
teaction

Differences 1 metachromasia of the ground substance i connective
tissues have also been attributed to differences 1n the degree of polymen
zatton™® and to varations i methods of preparation of the tissues espec:
ally m fixation and staming® ® Also polysacchardes other than those
oceurring in the granules of mast cells differ 1n stamming reactions Meyers%
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toluidine blue or other dyes Michaclis shons that the absorption spectrum
of toludine blue has three bands (1) alpha (monomerre, blue m color,
orthochromatic), (2) beta (dimeric, violet m color, metachromatic) and
(3) gamma (polymerie, red m color, metachromatic) He also found that
changing the stamed, scctioned tissues from water to aleohol caused the
return of the blue (monomerte) color which Pearse? believes 1s due to
the presence of both alcohol and water Thus the usual ‘up gradng
through alcohols to ¥t lenc w ould cause most of the poly sacchande contan
g tissues 1m toluidine blue stamned sections to stamn orthochromatically
(blue) Just how the combination of alcoho! and water converts meta
chromasia to orthochromasia 15 not understood, but 1t has been observed
that breathing upon metachromatie, alcohol wet sections wall supply
enough water to cause them to turn blue instantly Properly fived and
sectioned tissues that contamm AMP retan the metachromasia if the
aleohol sertes s avoided by blotting and passing them into xylene *

Mast cell granules cultisated tn vitro gise vanous tinetorial reactions
with tolwdine blue that range from negatne to an intense reddish purple
color,”® while HA stamns metachromatically 393 898 Like mast cell granules,
probably because of the AMP 1t may also staun poutinely with PAS*
as explamed by Lilhe % Likewase, connectnne tissue ground substance
stains vanably 18 ¢ 95

Compton ™! after reviewing the hterature on the sigmficance of meta
chromasia of mast cells concludes that with our present information
‘about the only safe interpretation which can be made concerning meta
chromasia of mast cell granules 1s that they probably but not certamly,
contam d with high molecular weight and aeidic function
The various explanations given for the metachromatic and PAS positrve
stamnmg capacities of such ANMP structures and substances as (1) mast
cell granules (2) ground substance of connectrve tiscue and (3) HA, are
discussed at considerable length 1 the hiterature1s1 561 & e0s €03 74
763 Ty 793 88 91

PAS Starming Reactions

The PAS 15 a general bt tochemieal staining method designed to v1 ualize
poly acchandes in t1 sues for microseopieal 1dentification of the contaned
carbohy drates Since the PAS method .taims only the poly acchandes an
ecellent triple method described by Himes and Moriber*®* 15 gnming fay or
Tiis method differentially <tams deovyribonucleic acd (DNA) poly
saccharides and protems and thus greatly facilitates the identification of
Iistological and ¢y tologieal structures other than tho ¢ which tam PAS
po itnely The Hotehki > (1946) method with varations 1s the mo t
wadely used, although McManus independently pre cnted the same prin



MAST CELL INTERRFLATIONS 73

ciple 1n the same y ear 7 Poly <accharides commonly st a violet fuchsm
color, dependent upon the chemieal nature and other factors 1n the poly
<aechande, and upon v artations in the technique ineluding the counterstam
u ed “Glycogen, muein muco protemn~, and pre umably hyaluronic acd
and chitin may be stained by thus method 3¢ Others find that HA 1s
strongly PAS positive #3 W ¢ have found that the basement membrane of
various epithelial ti sues stains sharply by the PAS method Other imvests
gators al o report that basement membranes are PAS positive 7 1102

The stamnimng reaction of granules of mast cells following treatment with
the PAS reaction, has been considered by numerous quthors but Las not
provided a specific answer to the chemical compo 1tion of the granule
Mever® © believes that the PAS stam  does not permit distinetion between
the vartous components of the ground <ubstances and from this he deduces
that stammng reactions would be expected to vary, sinee HA from various
sources ‘vary widely n their phystcal properties from that of umbiheal
cord ” It has been found that differences 1n reactions to the PAS method
oceur (1) among mast, granules within the same mdnidual and tissue 19

9 790 (2) 1n mast cells of different spectes™3 0% and (3) in granules

of a single mast cell 46¢ 83 Such vanations would be antiepated 1f the
geanules of mast cells are a basie form of ANP that can be utthzed 1n
1 sue fluds and by other cells in multiple aspects of AMP metabolism

The PAS method has been considered to be m part the cau e of some
of these discrepancies becau e shight vanations such as water oluble and
water insoluble methods, are u ed to dentify different kinds of carbo
hydrates 191 347 790 A} o, slight variations 1 apphication could give diverse
results Individual varations in the use of the PAS method do oceur
Pearse™ states that 1t must be emphasized that differences m the PAS
Teactions of given structures reported by different workers are as much due
to vanation 1n techmique as to vanation 1 the structures themselses
For example Compton!®! found that mast cells w ere negative at 15 minutes
mn the Schiff reagent but that many, but not all mast cells were positive
when left for 2% hours

Another cau c of differences 1 the reaction of the granules to PAS may
be beeauce different, granules contain AMP 1 varying degrees of polymer:
zation Pearce™ pomnts out that the concentration and degree of poly
menzation of a <ub tance 1s an mportant factor mn controlhng the color
reactron

Dufferences 1n metachromasin of the ground substance n connective
t1 sues hase also been attributed to differences i the degree of polymer:
2ati1on™® and to variations m methods of preparation of the t1 sues espect
ally in fixation and stammg®® Alo polysaccharides other than those
oceurring in the granules of mast cells differ o staining reactions Mey er®s®
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states that HA from various <ources lihewise vary n therr stammg re
actions and al-o i their physieal propertics He suggests that the fraction
of HA from the cornea may be chemically distinet from that from other
<ources

1 arations 1 response to PAS technique have additional significance
when time relations are considered for the meorporation of sulfuric acid
nto polysaccharndes Meser®® states that the sulfate 1s rapidly fived 1
growing connective tissue but that the stage at which the carbohydrate
chains are sulfated 1s not known It has not been established whether poly
menization or sulfation oceurs first Stmlar possible varations in the sulfa
tion of the AMP 1n granules of mast cells would account for difference 1 re
action of granules i mast cells to the PAS techmque Jorpes and collab
orators (1948) beheve that while hepann monosulfate would react to
pertodic acid the higher esters would not * Jorpes, Werner and Aberg
(1948) also found that heparmocytes ' of young rats were PAS positine
because of the presence of monosulfuric heparn %

C Smith has shown that the age of mast cells has been eonsidered as a
possible reason for differences in the reaction of the mast granules of mice
to the PAS technique 8% Age of the cell 1s al o a factor in determining the
metachromatic staining reaction of granules of mast cells Michels®® states
that immature granules give an orthochromatic basophiha mstead of a
metachromatic reaction Compton'®t slso suggests that differences
staimng with PAS technique might be due to  different functional states
within the cell aswell as to other factors such as vanations in dis olution
of granules durmg staining 1n spreads of different thicknesses

FACTORS AFFECTING MAST CELL POPULATION
Mast eclls have not been considered by many of the investigators work
1ng m the broader fields of experimental lustology Much of this neglect
in the study of mast cells 1s probably due to the mnadequacy of the methods
employed and as a re<ult there has been hittle intercst 1n the pharmnco
phy siologieal significance of mast cells until the past fen vears

Factors Increasing the Number

A number of hmitations are 1mposed upon the iy cstigator who attempts
to establish quantitative changes 1n the mast cell population The 1mme
diate progenitor of the mast cell 15 not definitely established and 1t 1s al
most 1mpossible to 1dentify the early or pregranular stages Some of the
granular stages stain metachromatieally and others stam PAS positively
One of the more accurate methods for counting mast cells, when 1t 1s ap
pheable 1s ar dried tissue spreads fixed with b olute methanol and
stamned 1n Giem a s mixture buffered at pH 50
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Many 1nsestigators relate same, 1f not all, of the allergic and anaphy lac
tic reactions to mast cells but 1t 18 difficult to determine whether the mast
cell 1s the responsible, or etiological agent, or 18 merely a result of the re
action These and other ponts which have previously been mentioned
<uggest some of the difficultics encountered 1n attempting to quantify mast
cell populations

It 13 common kuowledge that, in many instances sdmimctration of any
of cueral agents which deplete hematopoietie cells®® and lymphod to
sues and produce 1y mphoey topenin 15 followed by ap merease n the num
ber of mast cells, whereas certam conditions which promote a local increase
1 lymphocytes pla macytes, monocytes and eosinophils are al o condu
enve to the formation of mast cells It 1s too early in the study of mast cell
relations to make a defimte statement but in general 1t appears that those
agents which deplete lymphoid tissue lymphocytes and eosinophils con
tnbute {o the general or delimited nerease m the number of mast cells
Cortisone however appears to be an exception to this gencral rule

IRRADIATION

Mast cells are resistant to most forms of irradiation and radioactiv-
ity # 7 9 Miachels %4 using a dose of 400 r of x rays on the omentum found
that mast, cells are the most radioreqstant of any of the connective or
other cells i the omentum A <ingle total body x irradiation (995 r) of
22 male and 33 female ham ters 82 to 101 days old fatled to produce an
mcreace in mast cells or PAS positive material in the adrenal glands kad
nevs liver mesentery ovaries, pancreas, salivary glands, _pleen, uterus
or testes 82 Nevertheless irradiations may be responsible for a <electively

timulating effect on mastocytogene 1s 1n certain structures m hamsters
and other ammals

Lymph nodes Lymphoid tissues are normally about the most sensitive
of all tis ues except pos 1bly gonadal and erythropoietic to lethal types
of irradiation The scanty 10n lable to us ind that al
most all 1f not all irradiations which are sufficient to destroy circulating
Iymphocytes and to deplete 1y mphoid tissue merease the number of mast
cells Howeser 1t 1s not clear whether this increase 1n ma t cells 1s a direct
result of the irradiation or whether 1t 1s a response to the release of sub
stances by other x ray 1njured cells It appears probable that the mast
cells utilize 4 sigmficant amount of the cellular debns 1n the synthess of
the MPS stored 1 the mast granules Thisidea 13 supported by the observa
tion that n chronie gamma irradiations extending over a period of several
months there was a progressivc mcrease 1n mast cells while the lymphoid
cells speedily decreascd &

Thymus Mast cells are usually not considered 1n the volumimous litera
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ture on the effects of irradation on the thy mus Murray, ? after discusang
the depleting effects of a wide vartety of forms and methods of 1rradiation
on the thy mus of vanous anmmals, states that the number of mast cclls ap
pears to be mereased following the internal administration of nearly all
agents that cause thymie depletion

The thymus was not affected 1 muce <ubjected to 500 rep of external
beta rrradmation which kitled about 20 per cent of them * How ever, Spargo
and co workers (1951) have shown that gamma rays 1 daily doses of 11
r for 10 months 44 r for 8 months or 88 r for 6 months depleted the
Iymphoceytes but there was a striking merease 1n the number of mast cells
1 the thymn of all of the irradiated mice 3 A single total body exposure
of 995 r of x wrradiation actually, as well as relatively, inereased the num
ber of mast cells 1n the thymus® ¢ of 17 out of 25 hamsters 1 which the
thy mus v as 1n the myersion stage {greater deerea e of Iymphoey tes 1n the
cortex with relative increase 1n the medulla) and 1n 12 out of 23 1 wiich
the thymus was in the advanced stage (Iymphocytes depleted in both cor
tex and medulla) of involution (fig 17) * The PAS positive fibrous tis
sue and collagen increased during this depletion—a change which suggests
that the mast cells might be a eau~c, or source of AMP

Lehner believed that the reduction in the size of the thymus and the
gradual depletion of 1its lymphord tissue durmg the process of normal
thyvmie mvolution should be attnbuted chiefly to heteroplastic differen
tiation of the thymocy tes into mast cells % If this explanation could be
substantiated 1t would be a neat way to account for the increase i thymic
mast cells during age mvolution Howcver, the extreme sensitivity of
1y mphocytes especally thymocytes to 4 number of unfavorable condi
tions would preclude the application of this explanation of thymie mast
cell inercase to most instances of accidental mvolution cspecially to tho e
resulting from the widely known effects of 1rradiation

Thyrowd and parathyrowd glands Mast cells mcreased m the thyrord
glands 1n 10 of the 21 hamsters (12 males and 9 females) 96 to 300 dvys
old which were exposed to 800 to 995 r total body x irradiation and aeri
ficed 5 to 30 days after wradiation The inerease in the number of mast
cells was actual m 3 of the e hamsters 2 of which had hypertrophted
thyroxds but only relative mn 7 The parathyrord glands in the 2 ammals
which had hypertrophied thyrowd glinds were <hghtly hypertrophied and
showed a relative merease n mast eells !

Spleen Many investigators havc shown that various ty pes of rradiation
reduce the size of the spleen but Senn (1903) was probably the first to
obsere and de enbe the decrea ed <ize of the spleen folloning \ trradia
t1on™0 of a pattent uffering from splenomedullary leukemia It1s probably

safe to assume that mast cells are mereased in the pleen by various af
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not all, radioactive substances when the injected dosage 1s sufficrently ligh
and the hife of the ammal <ufficiently prolonged However, the sensitivity
of lymphocy tes and plasmacytes to irradiation suggests that 1t would be
mcorrect to attribute the merease 1n number of mast cells m lymphod
organs <ubsequent to irradiation to heteroplastic differentiation of Iym

phocy tic cells into mast cells as 15 commonly believed to be an important
source of these mast cells®? m normal animals

Intraperitoneal 1njection of strontium 89 1n do es near that found to
kil 50 per cent of the mee n 30 days ranging from 05 pe/g to 68 uc/g
(70 pe/g LD o, 30 days), produced an merease i the number of mast
cells 1n the spleen of anmmals killed at late intervals (presumably around
the 4th week) 2 The red pulp of the spleen contamed many mast cells
after 60 day s m another senies of an ABC straim of mice that recerved only
05puc/g  ®Mast cells were increased 1n the <pleen of rats intraperitoneally
myected with strontium 89 1n do.es ranging from 20 to 100 we n the am
mals that survived from 7 davs to 6 months 7 *

The spleen of mice that recerved daily doses of 44 r x rays up to 16
months and of those that recerved 8 8 r daily up to 6 months all showed
a progressive increa e 1 the number of mast cells which i the 88 r group
reached 4 5 times that of control mrce *2

Skin Mast cells are numerous in the conneetne tissue of the shan How
ever most descriptions of the general effects of iwrradiation on the t1 sues
and organs especially m eonnection with irradiation from an external
source do not include a comprehensne diseussion of the effects on mast
cells of the shan Earher v estigators observed an mcrease m the number
of subcutaneous mast cells following total body irradiation of laboratory
ammals 683

Numerous mestigators point out that there 15 a notable inereace n
the number of blood vessels and dilation of the capillaries and lymph
ducts mn radiation produced cutaneous erythema ™ One would expect
erythema produeing irradiation to cause mast cells to rupture and relea e
histamimne for the following reasons (1) Released histammune ean cause
dilation of these blood and Iy mph vessels 2°%7 (2) Most of the istamine of
the skin 1s derived by release from dermal mast cells (90 per cent 1s re
leased by compound 48/80) % (3) Irradiation releases histamine 418 This
1dea 15 supported 1n part by Sutder s%5¢ and Smder and Rapers® observa
tions that 8 hours after total surface exposure of mice to 2000 and 5000
Tep doses of beta rays the mast cellsin the kin were beginning to break
down ° ® and that there was s consprcuous breakdown of mast cells
the slun (effects of 2500 5000 and 8800 rep differed only 1 degree of
damage) ®5? Three weehs after wradiation Smider and Raper found only
a few arterioles and venules which had been obliterated and they rarely
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obzerved mast cells or dilated lymphatics 1n the shin of these mice One
week later (4 weeks postirradiation) they observed ‘mast cells 1n normal
numbers’ with occasional dilated capillanies and lymphatics m the con
siderably cdematous, abnormal areas of the derma The “mast cells were
usually present in normal numbers” and were accompanied by many lym
phatics and small, dilated blood vessels and subepidermal degeneration
of collagen i these mice 3 months after irradiation Although these mvestt
gators show that the dermal mast cells have returned to about normal 3
weehs to 3 months after total surface beta wrradiation, 1t 1s not clearly
shown that external beta irradiation should be considered an agent to 1n
crease dermal mast cells

Ultraviolet light was found by von Mollendorf (1928) to produce an
merease m the number of subcutaneous mast cells 1n rats %3 It has al o
been reported that < rays caused an mcrease n subcutaneous mast cells
within 5 days but that no merease 1n mast cells was observed until several
months after application of tar or ar<enic to the shin of rats %3

Bone Marrou Wallbach, as early as 1929, showed that mast eells 1n
creased 1n bone marrow after 2 dose of 200 r of x rays %% Spargo and co
workers (1951) show that m mice external gamma rays in daly doses of
44 r for 6 months or 88 r for 4 months produced a progressive merease
1n the number of mast cells i bone marrow 8 This was accompanted by
progressive increases 1n mast cells m the spleen and thymus but 111
daily for 16 months had no cffect on the marrow # In this conneetion
Jolly s (1924) observation that femoral marrow was very much morc I¢
sistant than popliteal Iymph nodes to x rays in the rabbit ! 1s of com
parative interest

HOBRMONES

The debatable relations of hormones to mast cells are discussed 1n
Chapter 5 Histamine Ingeneral those hormones which favor conditrons
for plasmacytogenesis and protemn storage such as growth hormones
(STH)™*® and estrogens which affect the mammary gland® % 5% and
stratum sasculare of the uterus * and those having phlogistic action ®
such as desoxy corticosterone (DCA DO DOC DOCA) #* increase mas
tocy togenesis Tho e hormones which have an antiphlogistic action par
ticularly adrenocorticotropic hormone (ACTH) and cortt one mnhibit
mastoeytogenesis '* Baker® nas unable to determine that adrenocortical
hormones had any direct action on mast cells mn the omentum of the rat
He found a shght increase n the number of pernascular mast eells m
adrenalectomized rats but attributed this inerease to the depletion of
omental fat He also found that although cubcutancou ly admimstered
cortisone suppressed the action of intraperitoneally mjected peptone
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which causes leuhocy tes to pass out of mesenterte blood vessels 1t fatled to
protect the mast cells against coneurrent Iysis and release of mast granules
Chronte admmistration of thyroxin depletes the mast cell population and
destroys the metachromatic re ponse of connective tissue ground sub
stanee to tolurdine blue n otherw 1cc normal ammals 46°

INCREASED PROTEIN

The relation of protern to increased mastoey togenests 1s not well under
toed, for multiple factors apparently are mmvolved In general a pro
longed 1ncrease i alimentary or of local protein 1= condueive to mereased
numbers of mast cells and yet x irradiation which mterferes with protein
metabolism, 1s also conducive to mnereased mast cells in thymus whereas
corticone, which accelerates protemn catabolism 41? depresses the number of

mast cells? ©

There are a number of observations which indicate that increased pro
temn intake especially 1n animals which have been subsisting on an made
quate diet 1s condueive to a general merease 1 mast cells However 1t 1s
difficult to determine m most, mstances whether the increase 1n mast cells
15 the re ult of the added protemn 1n the diet or of certain fractions (vita
mins minerals) which may have been introduced with the protemn

Michels®® found that prehibernating horned toad turtles and a sala
mander (Amblystoma) had many mast cells in the intestine whereas those
studied during or after hibernation had few or no mast cells i the 1n
testme Nagayo (1928) and Makajma (1928) reported that feeding cow «
nilk to adult rats nearly doubled the number of mast cells i the peritoneal
fluid—the actual value given was an increase from 3 5 to 7 6 per cent 3
When rats used m mamtion experiments were fed cow s milh there was
a great mncrease in the mast cells m the tissues, whereas 1n the peritoneal
flud the inerease reached 20 3 per cent in <ome anmmals 893

Mast cell population 1s mncreased locally by mcreased protein as Peter?s
has shown 1s the case 1n certain degenerative changes Mast cells increase
as a result of the relea e of protem (and other substances) by degeneratnc
changes and as others®® have shown 1n meomplete stasis of lymph exu
date tercellular fliud and m chrome inflammation 1s apparently con
tingent upon the presence of undifferentrated mesenchymal cells which
may function as stem cells for production of the mast cells Fibroblasts
probably meet this requirement more often than reticulocytes or other
cells

This eonclusion 1s the result of (1) our © study of the disposition of rtbo
nuclete 2a1d (RNA) that 15 relesed from cytolysing <arcoma (HS 6) cells
during the process of miliary necrosis in 114 hamsters and (2) our-® find
ing mast cells absent m both the miliary and large necrotic areas and m
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the remamning viable tissue of the tumor mn 3 sarcomas (HS 4, HS 5, and
HS 6) and 1 careinoma (HC 2) m a total of 166 tumor bearing hamsters
and 1n spontaneous adenocarcinoma tn 20 mice Mast cclls were erther ab
sent or very scarce in the stroma of all of the<e tumors, and were not =g
nificantly numerous n the connective tissue adjacent to these adsaneed
tumors Other v estigators report that “mast cells are usually absent or
extremely sparse in deeply nfected areas of carcinoma ” but the adjomning
normal t1 sues usually have aceumulations of these cells 692

CHEMICAL CARCINOGENS

The chemreal careinogens, most of which belong to the group of chem
cals known as polycyche, aromatic hydroearbons or to the heteroeyelic
analogues of the e include 3 4 benzpyrene which 1s present 1n coal tar ™
Certan of the chemical carcinogens are known to produce a marhed
crease mn the mnst cell population when applied percutancously and, pre
sumably when mjected intradermally, subpanmeularly ntramuscularly
or othernise e have observed a marked merease 1 dermal mast cells
subsequent to pamting the inter capular region of hamsters with a solu
tion of 9 10 dimcthyl 1 2 benzanthracene 1n benzene and olive o1l How
ever, we have been able to find relatively hittle material of a clear cut
nature on this approach or on the mastocytogeme activity of chemical
carcmogens 1n the hiterature

Block and Dreifuss (1922} found that the connective tissue nas loo e
edematous and infiltrated with polymorphonuclear leukocytes, Ivmpho
cytes plasmacytes and sometimes also mast cells at the beginming of
the painting of mice with tar distilled at 300 to 400 C32 ® Several other
mvestigators in the early 19205 mention smular findings m miee and
rabbits pamted with tar®® Unfortunately, Yamagma and Ich
hawa ! 3 111 13 599 yanious papers on their pioncering work on producing
cancer by panting the ears of rabbits with tar apparently did not consider
the occurrence of mast cells I ater however, Ichikawa and Baum (1924)
reported tht tar increased the subcutancous mast cells 0 The work of
Guldberg? ® al o shows that painting the ears of rabbits with tar inereased
mast cells

Drreet applications of tar to the skin of mice as reported by Bierch
(1922) and various other mvestigators produced profound increases i
the dermal and subdermal mast cells * Fabns (1927) subjected mice to
an atmo phere contamming a rather Ingh concentration of finely pulerized
tar at intervals %3 After a period of 3 month  he obtuned & pronounced
generahzed dermal and subcutancous mncrey e 1 mast cells with a re
markable number of ageregates of these eells in the dermis and ubdermal
connective tis ue The nodular ty pe of aggregates of mast cells and unre
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lated pla macytes were so impres 1ve that Fabris called them “mastocy
tomas Since large quantities of the tar were deposited on the shin and
mucous membranes and eau ed progressive and extensive loss of hatr m
these mice #2 1t would be very interesting to know 1f the number of mast
cells was increased 1n the digestrve tracts and respiratory system

The stimulating effects of chemical carcinogens on mastocy togenesis ap
parently are not related directly to the carcinogen but to its ability to
produce conditions m the tissues <imilar to those characten tic of sub
chronie inflammation

Factors Decreasing Mast Cells

A number of v estigators hav e show n that several agents and conditions
may cau e a great reduction n the numbers of local or systemic mast cells
Michels 82 citing the works of a number of investigators states that mast
eell numbers have becn markedly reduced by the injectton of adrenalin
or thyroun and by vanous foreign ubstances injected mmtraperitoneally
mtoe rats Cortisone,! ® ACTH and other antiphlogistic agents® - and a
number of other substances which are usually considered as histamne

1 g agents Tud stilbamudine 1 ovomucod® and
others selectively depress markedly reduce or obhterate mast cells Com
pound 48/80 1s claimed to be nearly peaific for lysis of mast cells 1!
8710 Byt g5 shown by Humphrey (1956) 48/80 has no effect mn Iv g
platelets!045 and probably certamn other histamine contamming cell Most
of the so called histamine releasing substances are o very effective 1n
destroying mast eells that 1n moderate dosage they may cau<e profound
histaminie effects or death

MAST CELLS AND MAST LEUROCYTES COMPARED

Granules in mature mast cells 1n tissues are characten tically metachro
matic when stained with toluidme blue and othern1 e 1mular 1n their re
actions to granules m mast leukocytes (ba ophils) 1n the blood 4%¢ 612

peirs ®7 however states that there 1s a difference 1n staming reaction of
the granules of the e two types of cells Jernstrom?s¢ beliex es that the sim
larity in staining reaction 1s all that mast cells and mast leukocytes have
m common whereas W e1ss?®® makes a distinetion which helps to perpetu
ate a very controveraal pomnt He states that the granules of basophls
are water oluble while tho e of ma t cells are not  Nesther our work as
explained earlier 1n this chapter nor that of Michels 2 or of <everal other
mve tigators supports the 1dea that mast cell granules are in oluble 1n
water

Tolue!  advocates the view that mo t of the ma t leuhocytes are not
produced 1 bone marrow and are not degenerative products of granulo
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cytes Hebelieves, aleo, that 1f these cells are m any way related to granulo
cytes 1t 1s most probably by derivation from Iy mphogenous or histogenous
cells However, this statement may not hold for the gutnea pig, for 1n thrs
anmmal the mast leukocy tes “resemble true granulocytes ’ 26t

Mast leuhoey tes (basophls, t hilic Jeukocytes, basophil gehornten
Myelozyten ®' Blutmastzellen®?) form only 04 to 06 per cent of the
cireulating leukocy tes in man, but, at this percentage, the total number of
mast leukoeytes i the ctreulating flurd of & man at any one time 1s ap
proximately 200 mulhon?” or one mast leukocy te to 120 000 ery throcytes
1n human blood 78 Ehrich-  Martin and Roka ®° Bunting! and certan
other 1nvestigators mamtam that mast leuhocytes are of my elogenous or
gin and ncrease enormously 1 mj elogenous leukemia %4 €83 There 15 no
stamning reaction nor morphological difference between mast leukocytes
and mast cells? > 649 683

There 15 an ncrease 1n the number of mast leuhocytes 1n the blood 1n
smallpox chicken pox, chronic inflammation of the accessory nasal sinuses
and 1n early Hodglin » disease espeerally 1n lymoph node smears®  The e
cells (1) wrregularly increase in numbers 1n animals njected with foreign
protemns, (2) occur i smallpox pustules and (3) hate been <uppo ed to
have a detosafying function ?

Both mast leukocytes and mast cells apparently contamn heparm and
polyester sulfuric acid #4? Behrens and Taubert (1952) extracted heparn,
or a biologically and phystoch lly reacting hepann Like substance
from 1solated mast leuhocytes of the horse #° Martin and Roka®® ob
tamed a hepann ltke substance from extracts of leukocy tes (dried mn ace
tone) 1solated from a patient with mast cell leuhemia They state that
this appears to be the first time that the probability of the pre<ence of
heparin in human mast leukoeytes has been revealed by biological invesh
gation although as a result of ustochemueal tests, 1t had been previously
<uspected

Ma t leuhocytes are <eldom scen 1n conneetive tissue However Webb
(1931) shoned that egg albumin injected mtraperitoneally caused a re
markable mnerease in the number of these cells in the subcutaneous con
nectnne tissue of white rats®? Fabn (1927) by subjecting rats for 3
months to an atmosphere of finely pulvenzed tar clanns to have obtamed
the greatest increase 1n the number of mast leukocy tes m loose connective
tissue ( tissue basophilia ) that has been reported 1 the hterature 603

1t 18 generally belteved that mast cclls and mast leuhocytes are mdcm
pendent cell types 456 €0 3 107 [Tgwever W 15617 gnd earlier wniters®
cugge t the po ibility that mast leuhoey tes may reprc ent a stage mn the
ife history of conneetive t1 sue mast ecell or that ma t eells may be de
rived direetly from mast Jeuhocytes However, mast leukocytes are clmmed
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to have a myelogenous ongin T 597 849 603 605 911 The faet that Dow
ney # found mature mast leukocytes m imprints of the thy mus of rabbits
may be taken to mdicate, but does not prove, histogenous relations of mast
cells and mast leukocytes

The mast leukocytes, or basophils which 1 man comprise about one
half of 1 per cent of the leukocytes in the blood3™ ®¢ (1} are considered to
be rcher 1 heparin than any other cells 1 the blood,*%¢ (2) are much
more numerous (33 to 65 per cent) 1n some of the lower vertebrates, o
(3) differ m number and size of granules which 1 basophils of man, are
regular and (4) tend to be elongated and are less numerous 1n the cyto
plasm, 1 contrast with the round and closely pached granules in mast
cella 12 9 Mast leukocytes of human and animal blood  are oxidase and
perovidase negative,” but ths 1s not the case in the guinea pig®®  The
human mast Jeukocyte contams only ¥ to 145 as much histamine as the
mast cell 3¢ Other differences observed are that mast eells are larger and
have less motihty than mast feuhocytes,!% but are almost never seen n
ctreulating blood Howeter mast cells do emmgrate through the peritoneum
o the peritoneal fluid, where they form 1 to 3 per cent of the total num
ber of cells 1n normal rats 73! The numerieal relations of mast cells to the
other cells in peritoneal fluid are difficult to determine because of the pres
ence of a significant number of mast leukocytes which Higgins (1953)
found to have a value of 3 per cent m 1 rat® However Padawer and
Gordon™ found an average of 321 per cent i a group of 25 rats and
they state that values taken from other works range from 16 to 74 per
cent mast cells i the peritoneal flixd of normal rats Michels®” shows
that the mouse has practically no blood basophils, yet there are many
mast cells found 1n the peritoneal fluud " These cellular relations are re
versed 1n the rabbit 83 #7° Code and associates (1954) report that oral
admmistration of cortisone causes a decrease 1n blood basophils, whereas
these cells bave been known for y ears to disappear “during acute mnflamme,
tion or stress 970

Adrenalectomy 1s thought to cause the depletion of both mast cells and
mast, leuhocy tes 1n peritoneal fluid, but 1t 1s not known how this 1s of
fected *70 Dufferential resistance of these cells to adrenal hormones 1s fur
ther volved by certam investigators who report their mability to note
any effect of cortisone acetate on mast leukocytes others report that they
observe disintegration of both mast cells and mast leukocytes following
the admimistration of cortrsone ® ©
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Physiological Distribution
of Mast Cells

‘The phy«iological implications relative to distribution of mast eells are
1mportant because mast cells are considered to be a form of storage of com
ponents for, or a readily available supply of histamine, heparin hyalu
ronic acid (HA),?® +5 hydroxytryptamine (serotonin),83 576 85t 945 gther
polysacchandesi® 1 7 950 and certain enzymes® 45 85 1107 1108

OCCURRENCE IN STRUCTURES

The distribution of mast cells 1s 1n general more closely related to local
than to systemie funetions in regard to utihization of the contents of the
mast cell granules This appears to be particularly true of dermal connec
tive tissuc mast cells which A<boe Hansen!® believes arc relatively few m
human skin and are more numerous m children than 1n adults %% but they
are very mmportant mn the formation of HA 1n the connectrve tissue ground
substance *However heparin and other actd mucopoly saccharides (AMP)
mav pass freely mto the systeraie blood stream while relatively small
amounts of other mast cell <ubstance such as hmstamine and possibly,
serotonm may normally be permitted to escape enzyme degradation and
enter the systemie circulation A relatively large amount of the products
from mast cells in the portal structures passes into the hepatic portal vemn
for use m the Irver wlule a much smaller amount 15 used locally This dea
may not be entirely correct for the stomach and intestine because these
organs appear to have a comparatively sparse mast cell population when
comparcd with the thickness and activity of the walls However 1t should
hold for the intestinal mesenteries where vascular relations of the hepatic
portal vemn greatly outweigh the anticipated local demand of the meager
mcsenteric tissues The splenocohe mesentery which attaches the spleen
to the transverse eolon 15 well provided with mast cells that appear to
be more clo ely related to the spleen than to the colon in the hamster *

Mast cells have a wide distribution i loose connectrve tissues? 92 69

318 and are present 1n the connective ti sue of practieally 2l internal

organs ¥t Mast cells also oceur 1 nerve sheaths®? # 7 and 1n other con

nective tissue areas (fig 2) n the nervous system %% Here they may also
84
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function m AMP mctabolism which occurs 1n myeln sheaths and m
ground substance of the central nervous system* 7 However, mast cells
are absent from the parenchyma of the central nervous system in all spe
c1es 855 Unfortunately these cells are ordmnarily osverlooked in routine
preparations because the granules are soluble m most aqueous fixing <olu
tions and are ndifferently stained by routine methods such s hematoxyhn
and cosin

Several investigators have shown that the abundance of mast eells in a
structure 13 dependent on the amount of conneets e tissue present 8% To
this statement may be added the observation that therc 1s al o a vascular
requirement becaun e mast cells do not become numerous m the fat of the
hibernating gland in the hamster until hyperemia appears and then 1n the
region where conversion of white to brown fat has set 1n 53 It 15 well es
tabhshed that mast cells hat ¢ a marked tendency to align themselves along
orto‘cuffl or shirt (Hellers Mastzellenhetten)®? arterioles and eapil
larjes 18 603 83 856 857

Several regions of connective tissue contam considerable numbers of
mast cells For example, the mesentery of most normal amimals contams
great numbers of mast cells and 1n eertain inctances these cells are cur-
priangly numerous (fig 9) The relation of mast cells m the mezentery
and synowial b may be dered from the stand of =pectal
1zed aspects of AMP metabolism but the AMP relations of seattered mast
cells in tissues uch as the kin and panceras <annot be aceurately eval
uated Excellent reviens of the distribution of mast cells mn different <pe
cles have been g1t en by Michels®®3 for vertebrates in general and by James
and MeDonaldt ® for the structures mn man The functions of mast cells
which occur in varying numbers throughout most of the loo e connective
tissues where they are accompamed by fibrobla ts are extremely difficult
to evaluate becau ¢ mucopolysaccharides (MPS) also oceur 1n the inter
cellular <ubstance of the tissues as a product of fibroblasts as well as m
the cytoplasmic granules of the mast cells wlneh represent a very small
bercentage of that in the tissues

Head and MNech

Most of the mast cells that occur 1n this part of the body are associated
with the shin or muco a but they were found al o 1n varying numbers 1
the neurohypopliysis thyroxd parathyroid lacrimal and salivary glands
of hamsters®® whose cornea contains numerous mast cells and st uns
strongly metachromatically ¥ In the dence connective tissue that under
Lies the epithehum of the upper eyelid particularly 1n the proximal areas
we's found great numbers of mast cells There are more mast cells 1 the
den ¢ fibrous t1s uc of the eyelid than m the subepithelum of the body
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skin Mast cells were not concentrated or disintegrated in the areas of the
Meibomian glands, but were ncreasingly numerous near the glands of
Krause We also found considerable numbers ot mast cells m the loose
fibrous connectnve tissue in other areas outside the globe af the hamsters
cye

The prineiple of the relations of mast cells and fibroblasts to mucesal
and intermittent glandular secretion are discussed at some length mn the
scetions on glandular secretion Nevertheless, we feel that in order to round
out the perspective of the distribution of mast cells, the head and nech
should be considered as a delimited part of the body

OROVASAL REGIOY

Very little of the literature on the hmted amount of comprehen 1ve,
comparatise work on the distribution of mast cells in the oral and rasal
regions 18 correlated with specific regions or structural relations Indeed,
we have not been able to find a single comprehensively systematic work on
the distribution of mast cells in the oronasal region, or in any delimited
area of the head and nech

Several miestigators report that mast cells are “always remarhabls
numerous m the tongue % These cells are espeetally numerous mn rats’
tongues ** 7! and surpnsmgly numerous m the tongues of hamsters,'™"
but we have found them to be no more numerous 1n the tongues of our
hamsters than mn the skin However 1f we had examned the submucosal
structures of the attachment at the base of the tongue we probably would
have found mast cells more abundant here than 1n the body and along the
sides of this organ Mast cells are scattered throughout the dorsal sub
mucosa and are numerous m the mtermuscular connective tissue m the
body of the tongue of the rat 7 1

Mast cells n the mouth and nasal region follow the same general rule
of di tribution as they do in connection with serous and mucous glands
located elsewhere 1n the body 3! 3 Mast cells are associated with the
sceretion of muein by glandular structures but not by umcellular glands,
especally the goblet cells, which obtamn the components for muenogen
directly from thetr basement b and/or the fibrobl, underlymng
the bacement membranes This difference 1n the source of muetnogen 1>
diccussed 1n more detail 1n the section on glandular ecretion The salivary
glands of the mouth and the mucous and serous glands of the nasal cavity,
are small, fairhy simple tubular glands in the lamina propria mucost
and/or submucosa They empty theiwr highly aqueous secretions onto the
curface of the mucous epithehum

The distribution of mast cells 1n human na<al poly ps appeared to follow
the general prinerple because the number was more closely related to the
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type of the included glands than to the growth or eystic condition of the
polyp 3 Prelimmnary work with hamsters suggests a correlation between
the number of mast cells and the secretory nature of these mucosal glands,
which 18 «imilar to that of the salivary ! 7 «nd Brunners ® glands in
hamsters That 1s, there are a few mast cells m the tunica propria and
1 around the tubul serous glands, more around the sero
mueinous glands and a notably increased number around the mucous glands
of the tongue, buecal and nasal submucosa

ESOPHAGLS AND TRACHEA

Mast cells are present 1 varymg numbers in the adyentitia of the cerv1
cal esophagus and trachea and are probably more numerous in the thoracie
esophagus and trachea because of the scrous external covering

The esophagus of Wistar rats 1s v ell supplied with mast cells and yielded
45 pg/g of histamine 7 ! Drennan #* also reports that mast cells are plent:
ful 1n the esophagus of rats They are reported as being frequent in the
lamina propra of the Synan hamster s esophagus ** but the trachea prob
ably has a greater number of mast cells than the esophagus Another group
of iy estigators? * found that the mast cell population in the esophagus 15
less dense than that m the shin or tongue, and that the histamine content
of these three structures 1s related to the denstty of the mast cell population
i the rat

THIROID AND PARATHYROID CLANDS

Mast cells are <eattered in the loose connective tissue throughout and
adjacent to the thyroid (fig 11) and parathyroid glands in the Syman
hamster and are relatively mereased i hypertrophy of these glands fol
lowing ¥ irradiation ' Compton!®! observed four or five mast cells m
every cross section of parathyroid glands in Syrian hamsters

SALIVARY GLANDS

Mast cells are common 1n the interlobular connective tissue (fig 8) and
1n that surrounding the salivary glands mn the Synan hamster However
mast cells are decidedly more numerous 1 the sublingual which 15 charac
terized by most of the alveoh s being composed of mucous cells (fig 7)
than n erther the parotid or submaxillary salivary glands in which all
the alveol: are characteristically of the serous type 5 ?

Thoracie Cawnty

The distribution of mast cells m the thoracic cavity would be expected
to follow the same general pattern which has been found to obtam n the
abdominal cavity with respect to serous membranes, especially because
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Michels®®” states that serous membranes are rich in mast cells, that mast
cells are present in the pleural flnd of mammals and that several invest:
gators have reported the presence of large numbers of mast cells i the
celomic flud of lower vertebrates West!® <tates that mast cells are nu
merous under the visceral pleura of beef lungs Since the work of Holmgren
and Wilander 1n 1937, beef Iiver capsule has been regarded as having the
Iughest mast cell population and corresponding hepann and histamme
content of any structure However, more recent studies show that the
pleura of cattle 1s richer in mast cells and g es the highest listamine yield
of any structure (200 to 280 pg/g) ® © Since the pleura and pencardium
are serous membranes, one would expect to find a fairly large number of
well distributed mast cells to supply the anticoagulant, hepari, the vaso
dilator, histamme, and AMP 1n the form of HA, muein and probably other
substances to mamtaimn an adequate supply of <erous exudate and efficient
lubrication for the thoracic viscera In the hedgehog, mast cells oceur m
the pericardium but are spar<e or abeent mn the heart 4 Beeause of the
anatomical phy siologteal and other difficulties « hich would be encountered
m study ing serous flurd from the thoracic cavity and the comparative ease
1n obtainmg 1t from the abdominal casity most of the mnvestigators of
mast and other cells 1n serous fluud have used peritoneal fluid

The occurrence of numbers of mast cells m the brown fat at the base of
the heart along the aorta and at the anterzor third of the thymus as well
as 1n connective tissue of the interlobar area in the thymus itself has been
observed 1n Syrian hamsters 3

The lungs contain numbers of mast cells 3 which are exceptionally
large and numerous just under the pleura m beef lungs 195 The lungs of
the hedgehog are fairly rich in mast cells which occurred in both the paren
chyma and visceral pleura and were concentrated around the bronehial
branches and small blood vesels The number of mast cells in this organ
was mereased by artifictal libernation but was somes hat reduced in ant
mals av akened from hibernation * Hamsters are reported to have a lackh
of mast cells 1n the lungs ' Simce heparn 1< extracted 1n great quantities
from the lungs of slaughter ammals particularly cattle 1% <heep and
hogs 1**° and 1 high histamine content has been found 1n the lungs of nor
mal cattle and horses and m somewhat less quantity m the lungs of the
guinea pig cat and dog®* and m the lungs of asthmatics 300 904 1948 4 pro
portionally large number of ma t cells would be expected to be pre ent
espeerally m the pulmonary conneetrve tissue cien 1f the mast eells were
not the source of all of the histamine and/or heparm required by the lungs

Abdomnal Cawity

The peritoneum w hich morphol 1ly 15asimple <q cellme o
thehum lines the abdominal eavity covers all the abdominal organs and
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<upplies & lubricant, the penitoneal fluxd for all the visceral and contiguous
parietal surfaces The Jubncatin, principles m the peritoneal fluid are e«
sentially mucnus and HA, components of w hich are chiefly supphied by ma ¢
cells and/or fibroblasts It 1s not <urpri g, then, to find mast cells occur
7ing m great pumbers n the me enterie. hepatic (Gh ons) capsule and
retropenttoneally, as vell as within certamn of the organs The pertoneal
fwnd of most anumals 1s Tieh 1n wa ¢ cells which are gonerally presumed to
have migrated through the seraus me othehial layer Here, a< s usual el o
where hitamine, hepann and, possibly serotonm (6 hy droxy try ptamine)
are active m controlling the amount and content of the pentoneal fimd
by contralling captllary dilation and mhibiting coagulation

STOMACH

The conclustons of a number of i e~tigators indicate that * mast «lis
are present throughout the digestn e traet including the cecum and e opha
gus 8 and there 1s commonly & rather dense mast cell population within
and under the entire perstoncum \last cells oceur 1 apprecrable numbers
m the gastric mucosn of mammals wmeludmn, cats, dogs and human be
mg ¥ ¥ hut are reported to be spar<e 1n bynan hamsters ' However i
k.gbeen hown that there 1s not such a close correlation betw cen the masy
cell population and the hr tamme content of gastric muco 3 as there s m
other .tructures, espectally the tongue <kan of the body ewrs and dor um
of the fet 71 8% # 198 Neyerthele < bictamine that 15 released from
gastrie muco<al mast cells 1s probably hghly petent Code! points out
that since htaminace has not been found in gastrie mucosa minute
amounts of histammne would be much more effectrve than in other ticsues
wwshich thy impartant histamine destroying enzyme oceurs

Histamine and heparmn play an important part m the contro} of the dr
Iation of arterioles and capiliantes Con wquently these sub-tances play a
tery mmportant part m control of gactne seeretion Code!™ shows that
there 15 a definste corrdation between the acud secreting regons of the
corpus ard fundus of the stomach and the mueo 2! hr tanune content 1
the eat dog and man

Gastrie Juice that restlts from hs tammne shmulation 1s highly acd and
contains very hitle pepsin or other organic matter as compared with the
gastric juice that results from stimulation mediated by the vagus nerve 134
Some 1 eatigator- bebies e that the cells w kel are .trmulated by histamme
ta produce the acid are the mucord eells of the neck of gastric glands part
etal or surface emithehal cells Babhin {1930 1900) behes es that histamine
has ittle effect on secretion by chief and mucous eelis but stimulates the
aerd scereting cells 1n the gastne glands and 15 the stron,est of all stnnu
lants of paretal celle i normal ndradual ™ He aloo states that the
stamine content 1 about the same i histamne gastric Jurce as mn vagal
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Juiee, and that listamine mediates the action of acety lehohine on the parne
tal cells

Code!" cautions that any assay of histamine 1n gastric juice, made with
out a determination of the potassium content, 1s very ikely to be maceu
rate In any event, 1t must be admntted that in the light of certam invest
gations!™ 7t the part played by mast cell histamine i hepatic seeretion
18 very difficult to evaluate

A considerable amount of sigmficant work shows conclustvely that hista
mine plays an important part m stimulating and thus controlling, gastric
secretion but the view of the mast cell histamine relations 1s very much
out of focus There 15 considerable ¢v1dence that only a mmor part of the
pastric lustamme 1s supplied by mast cells, at least 1n certain ammals
Smuth (1953) found that only some of the histamine m the mucosa of the
stomach of cats was released by treatment with 48/80 but that this sub
stance hiberated the maximum amount of the histamine 1n the skin?*
Other mvestigators obtained similar results Wistar white rats, 24 hours
after intraperttoneal mjection with compound 48/80 showcd surpnstngly
httle loss in certain gastric histamie although all the mast cells were de
stroyed by the istamme hberator The respective histamme values ob
tained were mucosa of the gastric cardia 30 pg/g 1 normal and 10 pg/g
in treated rats muco a of the gastric fundus 151 pg/g 1n normal and 148
#8/8 i treated rats This 1s indeed surpnising v hen contrasted with the re
sults obtained from the skin of the dorsum of the feet in normal rats, 61
#g/g, and 8 6 pg/p of histamine in the rats treated with compound 48/80 ™

INTESTINE

Michels® observed mast cells in the testine of well fed salamanders
(Amblystoma}, horned toads and turtles but they ‘“‘were extremely spar ¢
or entirely lacking 1n those spectes w hich were killed during or after liber
nation Several mvestigators report observing the tumea propna of the
intestine of turtles packed with mast cells Hardy and Westhrook (1895)
report that 1n some metances they obsersed whole villi studded elo ¢ly » 1th
mast ( basophile } cells which were <o closely packed at the base of the
il as to form a basophile layer ®3 The nte tine of hedgchogs has reln
tnely more mast cells than any other structure except possibly  the
Jungs 44 Compton'®! found mast cells rare 1n the tuntea propna but com
mon 1n the submucosa around the large blood vessels 1n the intestine of
hamsters

Mast cells nere observed m the antestine and 1n pieces of a number of
organs from a very acte female painted turtle which had been hept
a Iaboratory for ome time w 1thout food 52 Although thece t1s ues were
fived 1n sublimate alcohol and stamned with tolwdine blue by our usual
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method for hamster trssues, most of the mast cells m each structure nere
surrounded by a mctachromatie halo resembhing the “sceretorv halos’ or
“Hofen,” commonly attributed to the solution of the mast granules by
agqueous solutions as desenbed by Michels®™ and others Smee we have
obeerved halos around some mast cells stamed with tolurdine blue and
around a few <tained by the PAS method 10 hamsters but never snything
begnmg to approach the percentage observed 1 this fasting turtle, we
fivally concluded that under the e conditrons the halo 1» to be expected 1n
the cour ¢ of a low process of normal libcration of mast celt substances
subsiquent to mntracellular disolution of a hmited number of mast
granttles

LIVER

The. Inver, when considered phylogencticatly or mdnadually as to its
content of any one substance usually presents multiple, oserlappmy, prob
lems Conecequently it <hould be no surpri<e to find varrable and even con
tradietory statements mn the literature concerning ma ¢ cell population
and heparm and lustamune content of the hier in the same or differrnt
spectes An example of a fertile bass for varable results 18 that sometrmes
1t 1s mnpo sible to determuine from the nvestigators published work
whether he ‘skinned the hiver tissue before using 1t or mncluded an unde
termined amount of Gli <on 8 capsule especially from the lulus falesform
Iigament and/or other tissue of mesenterte ontgin This 1s a <errous pomnt
for the hepatic (Ghissons) capsule 15 one of the richest tissues 1n mast
ceuslll 500 603 851 108 1004

‘The findmngs of some of the earlier 1n3 estigators, who used hivers of van
ot m.mmals, contribute to our tenet that wome of the heparin in the liner
may have had 1ts ongin m mesenteric mast celle Wilander'®s 13 said
tohay e proved a re Jatronship of heparim to mast cells by obtamng 10 times
as much hepanin from Glisson s capsule as from the liver tissue 1n cattle
and by {athing to obtamn hepann from the mast cell free liver of rats Take
wise neither mast, cells nor hepartn was found in the p1g’s aorta, but the
subcutaneous tissue of the rat contmned as much heparm (63 mg/h) as did
the lver of eattle (56 mg/k) 59 It way also found that the sulfur content
of Ghisson s capsule in the horse (0 029 per cent) and pig (0 015 per cent)
was much higher than m the other mamwmnals studied Nevertheless the

sulphur content 1n ester sulphates was found to be drrectly related to the
mast cell content i the tissues of all animals te ted 5™ The parenchyma
of a dog 5 Irver 13 rich 1 mast cells, whereas 1t 1s poor 1n these cells i the
Tablt %+

Ivakapma (1928) believes that the dogs Inver {presumably the paren
chyma) 18 rich 1 mast cells, whereas other estigator., report that the
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sparseness of mast cells 1s correlated with the fact that the ltver has little
connectve tissue ® The number of mast cells 1 the hepatic parenchyma
and capsule 15 very small in normal hedgehogs but 1t 18 not appreciably
altered by hibernation 404 The liver of young adult Wistar rats has a fair
mast cell population and a histamine content of 0 5 ug/g 10 normal ammals,
but 24 hours after intraperstoneal 1njection of compound 48/80 the Invers
stall contamed 0 4 pg/g of extractable histammne * ! Since compound 48/80
appears to be speeific for mast cells ~! 7 1045 qpd amee all the mast cells
had been destroyed 1t appears that they supplied only 20 per eent (02
p2/g) of the total amaount of histamine 1n these rat Iners

The sparsity of mast cells in the parenchyma of the Inver 1n most mam
mals 18 usually correlated with the absence 1n this organ of appreciable
areas of loose connectrve tissue % However this correlation 13 not sald
when 1t 1s applied to the hepatic cap<ule or to the mteralcolar areas m
the salnvary glands especially the sublingual glands of hamsters 7 which
are both rich 1 mast cells and poor 1n loose connectnie tissue whereas 1t
appears that the hiver 1n hamsters has a sufficient amount of loose con
nectrve tissue 1n the periportal and nterlobular spaces® © 5 ¢ to support 8
rather rich population of mast eells 1n these areas It would be a plausible
explanation of the cause of the paueity of mast cells m the hiver, to a sume
that mast cells 1n the portal drainage particularly those 1n the me enteries
and 1 Glisson s capsule amply supply the Iiver with mast ecll products

MESENTERIES

The mesenteries ot mammals man and lower vertebrates are charac
teristically rich m mast cells ¢ The Syrian hamster also has many mast
cells tn the mesenteries 181 5% This abundance of mast cells suggests that
the mesenteries as well as the subserosa 1n general 15 a most 1mportant
situation for the development of mast cells and vascular relations for trans
portation of the products synthesized stored and released by these cells
Ths relation 1s closely related to the architectural charactenistics of the
mesenteries which are essentially spectahized folds of the peritoneum The
abundance of mast cells 1n the me<entery (fig 9) of most mammals may
indieate that this structure 15 a aite for the synthesis and storage of AMP
Additional aignificance however 1s attached to the mesentery because of
1ts relation to the hepatie portal system and the hver Several of the func
tions aseribed to the hver may depend upon the release of various stages
of depolymerization of the AMP from mast cells pas ing into the portal
yem and their substquent concentration 1n the liver

Structural relations Structurally the mesentery 18 formed by an outer
layer of peritoneum on cach side which 15 2 highly permeable, simple
squamous membrane compo ed of me othehal cells Between the e twe
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serous membranes 1s a layer of loose conneetne tissue composed of col
lagenous elastie and reticular fibers and cells embedded in connective tis-
aye ground ubstance and 1 sue flnd * throuh which blood vessels and
lymphaties course and the depo 1tion of varying amounts of fat occurs
Fawcett has chown, by using the May Gruenwald Giemsa staiming method
that there are nearly as many fibroblastic as mesothelial cell nucler m
spreads of rat mesentery 7 The three hinds of connective t1 ue cells anse
through fibroblasts from undifferentiated me enchymal cells which al o
gree rise to mast cells Michels®? states that the maxunal numbers of mast
cells occur 1n the erous membranes, especially in the mesentery, where
they may be found 1n aggregates aligned along blood ves els®  or at the
surface of mlk spots mn the me entery and peritoneum %* The milk spots
are aggregates of macrophages 3 and/or monocytes dictributed 1n the
pentoneum forming the omenta and n that covering the diaphragm 7

Serosal mast cells It has been conclusively etabhshed that ma t cells
store AMP and listamine and that theee cells can relea e their stored ub
stances very uddenly These two capacities would enable the mast cell
to perform two generalized functions (1) to store certain sub tances wlnch
may be free in the intercellular flmd and ground substance and {2) to
discharge 1 sufficiently great amount of 1t« stored substance at one time
to bt dialysis mto the pentoneal fluid and at the same time greatly
facilitate capillarv absorption of its released sub tance, and, probably
eertaimn intercellular cub tances not of mast cell ongn, as well

‘The hiberation of the content of mast cells 1n the mesentery should be
considered from two pomts of view

1 The granules contribute components of AMP for fluid secreted by
the erous membranes into the body eavity which s a relation similar to
that occurning 1n the synovial membranes (fig 12) They al o1ncrcase cap
illary exudation

2 Mast cells 1n the mesentery are mtimately a sociated with hepatic
portal capillaries which conduct the products of the mast cells mto the
Iner The e mast cells are arranged around arterioles and capillarie~—the
“ame distnbution thit occurs 1n most tissues Jorpes * states that * thus
mast cells beeau e of their position around the capillaries and the small
blood vessels without 4 mu cular coat have the po sibihity of emptymg
the content, of their granules direetly 1nto the blood stream or into the pen
Yaccular 1 sue juices

Nagayo®™! reports that the serous membranes of dogs “were usnally
rich 1n mast cells and that 1 to 3 per cent of all the cells in the peritoneal
fluid of normal mice and rats were mast cells He al o obeerved that the
number of mast cells was alnayvs increa ed by acute mflammatory stimuly
and that when rats on the regular diet were fed cow s mufk the mact cefl
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spar-eness of mast cells 13 corrclated sath the faet that the Iiver has hitle
connecttve ticsue ©* The number of ma t cell 1n the hepatic parenchyma
and capsule 18 vory small 1n normal hedgehogs, but 1t 19 not appreciably
altered by libernation #** The Iiver of young adult Wastar rats has a fair
mast ecll population and a hy tamine content of 0 5 pg/g 1n normal animal ,
but 24 hours aftcr mtrapenitoneal mjection of compound 48/80 the Iners
still contained 0 4 pg/g of cxtractable hictamine 7 * Since compound 48/80
appears to he <pecifie for mast eells 7+ 2 190 gnd sinee all the ma t eells
had been destroyed, 1t appears that they supphed only 20 per cent (01
pg/g) of the total amount of histamine mn these rat lisere

The spareity of mast eclls in the parcnehvma of the Iiver in mo t mam
mals 15 u ually correlated with the ab ence n this organ of apprecuable
areas of loose connective t1 <ue ®* However this correlatton 15 not vabd
when 1t 1s applied to the hepatie cap ulc or to the interalseolar areas m
the salivary glands espeerally the sublingual gfands of ham ters 7 whieh
are both rich in ma t cells and poor 1 loo e conneetive t1 ue whereasit
appears that the liver 1 ham ters has a <ufficient amount of loo e con
nectin e tt sue in the periportal and interlobular spaces ¢ 4 to upport 8
rather rich population of mast eclls n the ¢ areas It would be a plau ible
explanation of the cau ¢ of the paueity of ma t cells in the hver, toa ume
that mast cells in the portal dratnage particularly tho e in the me enteries
and 1n Gli ons cap ule amply supply the Iner with ma t cell product

MESENTERIES

The me enterics of mammals man and lower vertebrates are charac
terrstieally rich i mast cell ®% The dyrian ham ter al o has many ma t
cells in the me enterses ™ 3 This abundance of ma t cell» <uggests that
the me enteries as well as the ub erosa 1n general 1s 2 mo t important
sttuation for the development of ma t cells and va cular relations for tran
portation of the products synthe 1zed stored and relea ed by the e cell
Tins relation 1 clo ely related to the arclntectural characteristics of the
me enteries which are ¢ entrally specialized folds of the pentoneum The
abundance of ma t cells 1n the me entery (fig 9) of mo t mammals may
sndicate that this structure 1s a site for the synthesis and storage of AMP
Additional significance however 1s attached to the me entery becau e of
sts relation to the hepatic portal sy tem and the hver Scveral of the fune
tions aseribed to the iver mav depend upon the relea e of varous stages
of depolymenization of the AMP from ma t cells pa <ing mto the portal
vem and their <ub equent concentration in the liver

Structural relations Strueturally the me entery 1s formed by an outer
peritoneum on each side which 13 a ighly permeable smple

layer of
: s membrane compo ed of me othelal cells Betneen the ¢ two

equamou
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stages of depolymenzation, passing from mast celis into the portal ven
and subsequently being utilized by the Inver
MPS synthesized by mast cells in the mesentery of most mammals may
frequently be altered to form hepann, which 1s collected by the numerous
portal tributanes m the mesentery and conveyed by the hepatic portal vemn
to the ner Thiswould account for the fact that the iy er of some mammals
contains a great amount of heparn®™® although mast cells are rare wathm
the parenchyma Furthermore, detoxication of vanous substances by con
Jugation with sulfunc acid or glucuronie acid m the hver®? may depend
upon the relea ¢ of these acids by the depolymenzation of heparin or MPS
{rom mesenterie mast eclls 1n the hepatic portal system
Smee the perstoneum, which hines the abdominal eavity and forms the
outer covenng of the abd 1 viscera imeluding the teries 15 a
highly permeable membrane the AMP and other substances which may
be produced 1n & steady though rather hmited quantity by fibroblasts i
the mesenteres pass readily 1nto the pentoneal flud and, therefore, do not
reach the Iiver in appreciable quantities Since the fibroblasts produce
their products slow ly but continuously the demands of the pentoneal flud
which constantly bathes the surface of both the parietal and v1 ceral per1
toneum, would be expeeted to take precedence over the demands of the liver
which could recerve these substances only after they had been picked up
by capillaries and transported through the hepatic portal vein to the liver
The rat probably ndicates more strongly than most laboratory mam
mals the functional relationship between mast cells in the me<entery and
the Tiver for rats are said to have neither mast cells nor hepann m they
liver 500
The pomt we wish to make in this section 1s that mast cells n the mesen
teries and possibly those 1 Glissons capsule are capable of supplying
sub tances for use 1n the hver for detoxication and for systemie distribu
tion such as hepann and histamine as well as supplying part of the lubn
cating substances partieularly HA and mucinogen to the peritoneal flmd
whereas those mast cells 1n the panctal peritoncum contribute chuefly, 1f
not <olely to the peritoneal exudate
Mast cells in the me entery have additional sigmficance mn the metabo
trm of the hiver yn view of the sntimitotie property of heparn, which these
cells supply Paff and co workers™ believe that heparin inhibats mitosis ¢
by nterfering with nucleic acid metabolsm Roth (1852) suggests that
hepann mbubits ribonuclease 7 Others maintain that the failure of cells
other than mast cells to grow 1n cultures of mast cell tumors may be due
to the production of heparin or a precursor of heparin 169
The antumtotic effect of heparin i the liver could be a controlling factor
m nueler, actd production and consequently, m protein metabolism of this
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count increased to 76 per cent of all eells mn the pentoneal flnd He ests
mated that 3 5 per cent of these mast eells had migrated from the tisues,
especially from the intestinal mucosa

From the standpoint that mast cells provide AMPs or their components
for several functions of the hiver, the foremost consideration 1s the rela
tion of mast cells i the mesentery as a source of hepann and Instamne

. As far as we hnow, no one has ¢ver determined the hepann or histamine

level in blood from the hepatie portal vein and, consequently, i1t 1s not
known whether or not either level 1s constant However, 1t 15 hnown that
both tissues® % 73t and circulating blood 1% of normal anmmals con
tain an appreciable amount of free heparin Bassioum®® gives the apparent
heparin content of normal human blood as ranging from 0 2o to 2 3 mg per
100 m! of plasma Speeics differences have been reported

The part played by mast cells 1n the me entery 15 especially <igmificant
1 view of their great numbers 1 a given umit of mesentery and 1n con
srderation of the relativ e extent and total amount of me<entery as compared
with that of Glis on s capsule of the Inver and the number of mast cells in
the Iiver of most mammals

Functional relations The abundance of mast eclls 1n the mesentenes 15
related chiefly to the demands of two conditions

1 Lubrieation The free movement of parts of the viscera upon each
other and against the parictal peritoneum creates a demand for a relatively
great amount of lubricating flurd throughout the abdominal eavity This
need 15 met by polymerized HA and muein which are commonly supphed
by mast cells © * and/or fibroblasts, and exudate w huch 1s supplied chiefly
by capillaries and mesothelal cells Thus mast cells and fibroblasts ap
parently supply most of the lubricating substances 1n the penitonesl flud

2 Detoxication This abundance of mesenteric mast cells may al o play
an 1mportant part 1n the detoxtcation of certamn substances within the
blood as 1t passes to the liver, such as sex hormones, or substances absorbed
from the mtestine, eg 1 duced within the intestme by bac
teria 3% A sigmfieant and related part played by the mast cells 1 the
mesenteries 1n relation to the activities of the hiver is that they may provide
two of the three components glucuronic and sulfurtc acids which are
Lnown to conjugate with numerous substances 1n the Itver ncluding cer
tain hormones to render them nactive

The great number of mast cells 1n the mesenteries of most vertcbrates
sndicates that thus structure functions as a site for the synthests and stor
age of AMPs as well as supplying certain components for peritoneal flmd
Additronal sigmficance 1s attached to the mesentenies because of their re
Iations to the hepatic portal system and the Itver Thus <everal functions
usually ascribed to the liver may depend upon AMPs perhaps m vartous
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has one to three mast cells associated with 1t These mast cells were not
within the parenchy ma of the 1slets, but were situated adjacent to the<let s
capsule and near afferent blood ves els where they apparently function as
A trigger mechanism for activating the wlet (fig 10) Tlhas 1s further dis
cus<ed under “Glandular Seeretion

Shan

The skin has large numbers of mast cells throughout the dermis 1n the
superficial and deep layers of the connective tissue occasionally 1n the
epidermis %3 mside and outside the bair follicles # 3 and around the e
baceous and sudonferous glands Mast cells are much more numerous 1n
and under the loose, relatively thin shin of the dor um of the feet and the
cars than on the back of rats ™

Dermal mast eells hay e been shown to release histamme ¢ 721 297 & 108
heparin 18 834 105 HA or 1its precursors, ! 3¢ and other important com
pounds to form the HA contaiming mueinous connectne tissue ground
substance ¢

Collagen occurs 1n the shan 1 considerable quantities W hether or not
an appreciable amount of 1t 1s derrved from mast cells mn the shin 15 an
unsettled question However 1t has been found that the repeated admin
1stration of estrogens to virgin female hamsters was followed by inereased
mast cells AMP and collagen 1n the mammary gland 5*° Mast cells 1n the
skan could well be the source of hyaluronic and chondrotin sulfurie acrds **
for collagenous conncctive t1 sue or for chrondroitin sulfate B which
15 constdered the probable cause of metack of the hair papilla and
external follicular cells™ and as a source of constituents of ester sulfate
1 the formation of keratin 1000

The sigmficance of the skin as a «ource of mast cell products becomes
apparent when one realizes that the shan of & normal mouse represents at
least 16 per cent of the anmal s total weight and cont uns about 40 ug/g
of histamine,”®" whereas m the normal rat the shin from the belly has an
equally igh histamine content (40 pg/g) ™ shin from the dorsum of the
body 279 pg/g and shin from the dorsum of the feet 61 ag/g? ' Abdom
mal skin from the guinea pig contsined only 3 pg/g of hstamme ¥ The
above values for the rat and the results of other investigators work show
that mast cells and histamine are not equally concentrated i all parts
of the skin of the same anmmal? ! ™ It 1s also claimed that the only
skms that have a high mast cell number are those of the cat mouse and

rat ™ However, Harns (1927) reported finding histamine concentration
that reached 28 pg/g 1n normal human shin #87

Since Perry™7 found that compound 48/80 which 1s generally conceded
to be almost specific for mast cells 7 1 797 83 809 898 Libherated 90 per cent
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organ Paff and co workers™ support this idea by coneluding that the antt
mutotic reaction of heparin, which they pomnt out has been known for ycars
functions in this re peet by interfermg with the metaboliem of nueleopro
tans The antimitotie property of heparn has speeal sigmificance n rela
tion to protein metabohiem of the liver cclls because the hepatie cell are
<inmlar to the columnar cells of vallt 1n the <mall intestine 1n bemg <ubject
to varrations 1n the amounts of ribonucleie actd (RNA) and other proteins
m the ¢y toplasm Increases in RNA and protetns n the cy toplasm of et
posed intestinal columnar cells do not cause mitosis beeause these cells do
not divide It1s possible that the high content of heparin in the hver of most
animals acts as a controlling factor 1n mitosts and cnables the hepatie cell
to store con<iderable amounts of RNA without <timulating mitos1

Glisson s capsule W hether mast eell substances from the heavily popu
Iated Glisson s capsule pass into the portal system or into veins in the
parieties and/or diaphragm has not been <atisfactorily e tabh hed M
chel §%4 review of the result< of Yarous investigators attempts to demon
strate the source of the arterial blood supply of Glisson’s capsule shows that
1t 1s mghly vanable However very httle attention appears to have been
paid to the venous drainage of this morphologically complicated structure
Incidentally we have never observed a sigmficantly great number of mast
cells m the deheate eapsule 1n studying cross sections of hepatie lobes of
the hamster

The embryological development of Glison s capsule and 1ts covenng of
peritoneum from the mesenchyme of the primitive septum transyercum
(Iater sventral mesentery) 4 suggests the probability that its venous
dramage 1s by portal tributaries and/or paretal vessele The fact that
blood from the gall bladder drains into the portal sy tem supports the idea
that part 1f not most of Ghsson s cap ule has venous connections with the
portal system

PANCREAS AND ISLETS

The distribution of mast cells in the panereas follows the general plan
for compound glands <uch a~ the sabivary and mammary glands 1n which
these cells are situated peniductally 1n the loose interah eolar and para
alveolar connective tissue 181 51 30 535 However the pancreas has fewer
mast eells than the <alivary glands® 157 30 53

The 1slets of Langerhans have recerved very httle attention 1n connec
t10n with mast cell relationships Compton?®! states that no mast cells are
seen 1 or near 1slets in the pancreas of hamsters However using an en
tarely different method of fining the tissues and stamning tissue mat 1m
non serial sections cut at 6 p wed3® 335 concluded that in most

nated
e 1 our mbred colony of normal hamsters of both sexes each 1slet

mstances,



PHLSIOLOGICATL DISTRIBUTION OF MAST CELLS 99

fense rgaunst 1, for the namber of mast cells did not werease m tar cancer
1 rabbits

These rather sumple expersments wdicate that histamne was released
with the first apphieation of tar to mice and caused vascular diation fol
lowed by edema and an merease m mast cells The dermal eclls as shown
by Foerster(1924 and 1925} who used trypan blue as 2 vital stain were
not changed appreeiably untif after o few applieations of tar  when the
number of dye laden dermni cells v as wmerensed 1

FETUS AND NEWEBORN

Veest'®* stutes that tissue mast cells do not appear in the fetus untd a
short tume before burth and until the mast cells appear m the fetus
histamine 15 almost entirely absent Audry (1896) reported that he found
mash cells nell estabhshed within and about the haur {olhicles m the
early newborn 9% Heller (1804) states that these cells persisted even after
foss of the haw through pathologiesl changes # As would be expected
Huguemmn states that mast cells appear 1n the skin much earlier than
the mammary glands 7

Compton™! was unable to dentify any mast cells mn spreads of con
neetne tissue from 10 1 day old hamsters However he found s few mast
cells in 3 to 4 day old hamsters Apparently the shan of growing m
dividuals requires more mast cell products than that of adults because
Brack {1925) for man and Bates (1035}, for rats showed that the shin
of young sndividuals contamed a much higher proportion of mast cells
than that of adults ™

1 YMPHOID TISSUES

Ly mphod structures with the posstbie exception of the vermiform ap
pendix of man and the spleen of man and varous ammals m which there s
a great amount of other tissue are char d by beng prepond.
eomposed of }ymphoeytes supported by reticulum Lymphoid tissue 15
more readily studied 1f 1t 15 grouped on an arehitectural basis 4s m the fol
lowing manner (1} bvmph nodes which nelude the so ealled fymphatie
glands tonsils and human vermiform appendrc (2} intestinal Iymphod
tissue mecluding solitary pedules Peyers patches varous patches of
iymphod tissue in the cecurn and nggregates of 1y mphocy tes and plasma
tytes withw the Jamina propria especially n the mtestmal wilh (core)
and as special addenda the saceulus rotundus tonsmila ileocecalis major
and minor and the vermiform appendix of the order Lagomorphe (rab
bits hares and peas)  (3) thymus and 4) intervaseular lymphoid
structures which melude the spleen hemal nodes and hemoly mph nodes
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of the lust wmine that 15 contaned within the skin of rats, 1t 15 apparent
that the mast cell population was very high 1n the skin of the rats used
Several 1ns estigators have shown that there 1s a lugh eorrelation betn ccn
the histarmne content and the mast cell populatton 1n the shin of various
mammals, particularly the rat? 1 797 8 869 s

Carcinogente processes durmg the formation of shin cancers are
commonly attended by ncreased numbers of mast cells as varous m
vestigators have observed following the applieation of chemieal earemo
gens 20 111 Cramer and Sunpson '8 ob erved 4 marked mcrease mn the
number of mast cells m the shin of mice following the appheation of
methyIlcholanthrene Since this merease 1 mast cells was very pronounced
long before the appearance of the caremoma and disappeared m the
tissue with the approach of the growing canecer, they suggest that this
ncrease 1 mast cells nas related to epidermal hy perplasia rather than
to the imtiation of cancer development The most pronounced accumula
tion of mast cells was in the deeper contiguous dermis which had not been
mvaded by the developing cancer whereas the mast cells had disappeared
from the cancer itzelf Since the mast cells were greatly mcreased in the
hy perplastic tissue disappeared 1n the path of the developing cancer, but
remained 1n the contiguous dermal structures they suggest that the
creased number of mast cells was associated with some sort of a defensive
process agunst the cancer s development

In the light of the cffects of estrogen on mast cell activities in the
mammary glands of hamsters 3% as previously explamed 1t would hardly
appear that the mast cells were playing a defenstve role m the carcino
genesis induced by methylcholanthrene Rather the mast cells would be
expected to supply substanees especially histamine, to induce hy perem:s,
mereased capillary permeability and edema which would aggray ate rather
than mmpede careinogenesis It has been shown that when the skin on the
backs of hairless mice 15 caused to thichen by percutancous or subeu
taneous application of estrogen extracts of the hypertrophie shin re
semble cxtracts of umbilical cord 1n viscostty 37 In all probability this
viscosity 1n mouse shin 1s due to increaced AMP chiefly HA produced by
mast cells and/or fibroblasts

Woglom!!!! states that Dreifuss and Bloch (1922) after the first ap
phication of tar to the backs of mice observed edema and striking dilation
of the blood vossels especaally of the capillaries They also mcreased 1n
number and were sometimes accompamed by ncrea ed numbers of mast
cells Peyron (1923) observed simlar vascular changes in the shin of
tarred mice 11! However he mamtams that the mcreased numbers of
mast eells played no <pecial role etther m the genesis of eancer or 1n de
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fense agunst st for the number of mast cells did not sucrease in tar cancer
m rabbits

The ¢ rather snuple expenments mdicate that histamine was released
with the first appheation of tar to mice and eaused vaccular dilation fol
lowed by edema and an increase in mast cells The dermal cell a3 shown
by Foerster{1924 and 1920} who u od {73 pan blue as & vital gtam were
not ehanged appreciably unti] after a few applications of tar  when the
number of dye laden dermal cells nas merea ed B*%

FETUS AND NEWBORY

Teest!™  atates that tis we mast cefls do not appear an the fetus until a
short, tume before birth and untit the mact cells appear m the fetus
histanune 1s almost entirely absent Audry (1896) reported that he found
mast cells well establiched within snd about the hair follicles 1w the
exely pew born % Heller {1904) states that the e cells persisted even after
loes of the hawr through pathological changes @ A< would be expected
Huguenin states that mast cells appear i the shan much rarler than
the mammary glands @

Compton'™ was unable to identify any mast cells m spreads of eon
nectnve tissue from 10 1 day old hamsters However he found a few mast
cells m § to 4 day old hamsters Apparently the <k of growing mn
dividuals requires more mast vell produets than that of adults because
Brach {1925} for map and Bates {1835} for rats shoned that the <hsn
of young indnidunis contmned n much higher proportion of mast cells
than that of adults

LYMPHOID TISSUES

Lymphad struetures with the possible exception of the vermiform ap
pendix of man and the spleen of man and various ammals 3o % huch there 1s
8 great amount of other Uissue are characterszed by being preponderantly
corpposed of Iymphotytes supported by reticulum Lymphod tissue ss
more reacily studied #f 1t 1s grouped on an architecturat basis as m the fol
lowmg manner (1} Iymph nodes which melude the o ealled lymphatic
gland= ton.ils and human vermeiorm appendhx {2} mte tinal Iy mphoid
ussue wmeluding solstary nodules Pesers patches vanous patehes of
ymphod issue 1n the cecum and aggregates of Iy mphacytes and plasma
o3443 withim the larmaa propna e pemally n the intestinal vl (eore)
and as special addenda the 1 tundus {onalia b hs major
and munor and the vermiform appendix of the order Engomorpha (rab
bits hares sod piens) (34 thymws and (3} wterva cular lymphod
elructures whieh melude the spleen hemal nedes and hanoly mph nodes
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Lymphoid tissues are particularly susceptible to x rays®® °3t 535 gnd
with certamn exceptions (¢g  mouse thymus), to gamma 1omzing® and
many other forms of irradiation However, Hughes and Job (1937) found
1t impractical to administer 2 sufficiently strong dosage of x rays to pro
duce total involution of all the seattered nodes and other lymphord t ues
without endangering the life of the animal 3t

The pharmacological relations of mast cells to lymphoid tissue appear
to be lumted ehiefly, but not entircly, to the Instamine and heparin tored
within the cytoplasmic granules whieh Riley?  states are the only phar
macologically active substances known to be present 1n the mast cells
Histamine and heparin chiefly affect the Iymphoid structures by neiting
Ly peremia and inereased permeability of capillaries and ground sub tance
Thus the products of mast cells are concerned with dilation and general
tonus of the vessels and with mhibiting coagulation of lymph* as well
as blood within and around the lymphord structures The e relations
strongly indicate that one should consider the occurrence of mvolutionary
or degenerative conditions in Iymphord tissues and the changes in AMP
metabolism which accompany them when considening the part played by
mast cells 1n relation to the activities of lymphoid t1 sues

Lymph Nodes

Mast cells were not present 1n the capsule or 1n the germinal centers of
Iymph node~ but were aggregated within the cortex and medulla 1n nor
mal rats °® We have venfied this observation m rats and have similarly
observed that although mast cells are not numerous they are scattered
throughout the medullary cords and <inuses in various lymph nodes m
normal hamsters Mast cells are more numerous in the pancreas A ellt
(largest of the mesenteric nodes) the substernal thymic nodes and i
some of the cervieal nodes than mn the axillary and inguinal nodes 1n nor
mal hamsters Various investigators report finding numerous mast cells 1n
the cap ules and trabeculae occasionally free mn lymph <inuses 1n the
medullary strands of lymph nodes and in the tonsils However Meyer

(1918), found them more eommon 1n hemolymph nodes than m lymph
nodes %%

Smuth and Wood 3¢ found mast cells normally occurring 1o the siuses
of pophteal lymph nodes in normal rats They also observed that within
5 munutes after moculation with a type of Pneumococecus into the plantar
pad of rats, mast cells in the «inuses of the pophteal Iymph rode were
vacuolated and almost devoud of granules however frec granules were
scattered throughout the sinuces and <oon began to disintegrate The s1
nuses 1n whch mast cells were absent or had been depleted were usually

aites of fibrm formation Apparently although they did not realize 1t at
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the time, Smnth and Wood s werk 1s one of the earliest as well as one of
the fen nstances m which the cytohytic effects of 1 stamine hberating
agent on mast cells 1n peripheral lymph nodes 1s recorded

Sinee, the smuses of these nodes in which mast cells were ab<ent or had
heen depleted were usually sites of fibrin formation,? * 1t would appear
that the ab ence of some mast cell substance, possibly heparin 1s respon
«aible for the formation of fibrm

The actual MPS which mhihits fibnn formation has not been estab
hshed, but there are several forms of AMP that could have this function
The most obvious anticoagulant 15 heparm which has been recognized as
an anfieoagulant of lymp®* as well as blood ®° But, as stated above,
certan other MPS are also anticoegulants Sundberg and colteagues®®
de cribe an ant Jant 1n human umbtlieal cords but they do not 1den
tify the AMP as heparm We have not been able to determine if the ant1
fibrin AMP from mast cells m the medullary sinuses of lymph nodes 1s
beparin, HA or another form of AMP However, the presence of mast
cells 1n the medullary cords of Iymph nodes adds support to the sigmfi
cance of the tenet that the granules of mast cells are composed chiefly of
an essential form of AMP

Intestinal Lymphod Tussue

Intestinal lymphoid tissue lachs afferent lymphaties It 1s character
stically sstuated 1n the lamma propria but usually bulges into the muscu
lans and well into the mucosa of the ntestine Certain of these structures,
ncluding the vermiform dix are highly lized 1n lagemorphs

The lumiral side of the lymphod patch 1s covered by a ly mphoepithelium
1 which the epithehal cells, where present are atypical They have been
foreshortened and charactertstically lack the striated border and a com

plete basement membrane They hate mtercellular perforations which, 1
the rabhit appendix conneet with the sublymphoepithehal 1nuses © and
theee emthelsal cells are 1 the process of being crowded out by Iy mphoid
cells and phagoeytes In fact, the lymphoepithchum covering intestinal
Iymphoxd tissuc 1s modified <o that 1t serves as a sort of pecialized gate

way through the mtestinal wall This permits the escape of substances

(probably mcluding bacteria and viru es) which carnot be absorbed
through normal columnar epithebum due to the protectnve eovering of
mucus held by the striated border

T hymus

deveral wnters meluding Maxuimow {1909}, Sehaffer (1910) and others
tate that the thy mus has a conspicuously high proportion of ma t cells**
durmg 1ts functional and mvolutionary phases %t ™8 Michels®? states
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that the factor that causes this high pereentage of mast cells to be pre ent
i the thymus 13 not known Compton!®! found mast cells uncommon
the thymus of hamsters, except i fatty infiltration when these cells be
came numerous However, 1t 1s known that total body x irradiation in
creases the number of mast cells in the thymus ° 3 ¢ (fig 17) Maximow
(1909) beheves that thymic mast cells are developed from immigrant
Iymphocy tes which migrated into the des eloping thy mus during its early
Iust and Dantschahoff (1908} apparently belieses that i birds
only the first generation of the thymic mast cells arse from lympho
cytes ® However, 1615 not clear whether <he believed that the additional
mast cells arose by mitoais from the first generation or from other sources,
such as undifferentiated mesenchymal cells Certain other nvestigators
beheve that the greatest number of mast cells 1s present during the early
v olution phases of the thymus and that at this time plasmarytes and
cosinophils also reach their maximal population ®2 Lehner™? (1924) and
Harland!® believe that mast eells differentiate from ly mphocy tes or from
Iymphocy tie cell types in the normal thy mus of the rat, but Peter s * work
on the thymus of the hedgehog does not support this conclusion

Mast cells appear late in fetal life,'* are very noticeable 1n and around
the thymus 1n postnatal rats*®® and are more numerous 1n the thymus
carly rather than late childhood 7 At least one investigator Weidenreich
(1912}, suggests that the heteroplastic differentiation of its thymocytes
nto mast cells accounts for the major part of the reduction mn the size of
the thy mus during mvolution 3 W e1l (1913) admutted that he was unable
to explain the development of thymic mast eells but thought that many of
them were plasma mast cells which had developed from plasma cells 93

Peter™s suggests that there 1s no actual icrease in the number of thymic
mast cells during 1nvolution i the hedgehog The number remams con
stant but appears to increase because the greatly reduced thymic tissue
contracts the connective tissue and thus draws the mast cells closer to
gether This, of course could markedly increase the number of mast cells
1 the field of vision It 1s not surprising therefore that Peter concluded
that the maximal number of mast cells 15 related to the maximal depletion
of the thymic t1ssue during involution

The thymus has been depleted by a relatively wide assortment and
number of agents but unfortunately comparatively few of the mvestt
gators were nterested 1n the mast eell relations to the thymic changes
Many of the agents which produce thymic atrophy probably cause :;;1
Increase 1n the number of mast cells within and around the thy mus®®
r6 945 well We'® found that tlus idea was vahd for the effects of x
\rradiation but, although both cortisone and starvation produced extreme
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depletion of the thy mus, nesther sigmficantly altered the number of mast
cells wathin it

Depletion of the thymus may be related to age changes or to aca
dental involution’ which sneludes about all expernimental possibilittes In
general tho e agents that interfere with protemn anabolism especially as
pertatns to the nucleic acids, deplete the thymus which 13 the more enst
tive and if continued will deplete the other lymphoid tissues as well
Even 1n the pre ence of “ctherwise adequate diets,” py ridoxin defictency,
or even msufficiency, produced marhed thymie atrophy Deficiency of
pantothentc acid thiamin or nboflavin produced «imiar but mider de
pletion of the thymus m female rats used before ‘ age mvolution’ had
started *4*

Numerous other agents deplete the thymus e g, x wradation®® 0 56
fast and slow neutrons and 1sotopes  corticone™® and many of the cheme
therapeutic agents used 1 treating leukemia and cancer Bloom* reports
that mice which recenved dasly totsl body rradiations of 11 to 882 r
for pertods that varied from 4 to 16 months had a strihing mcrea e 1 the
number of mast cells 1 the thymus other depleted organs and m the
connective tissue surrounding the depleted etructures He al o reports
that 500 rep of evternally applied beta rays, which 1s sufficient to kil 20
per cent of the ammals has no effect on the thymus of mice but whether
or not the ma t ecll population 18 altered 1s not disclosed

Ve’ 8 made ome observations on the number of mast cells m the
thymus of 93 male and female Syrian hamsters under different condi
tions The thymus of each ammal was removed infact arranged with the
lobes extended fived on a strip of stiff paper and sectioned at 6 » The
number of mast cells 1 each cross section of the thickest region of the
two lobes nas counted and the numbers iveraged for each individual
The results for each of the exght groups are tabulated m the onginal
article 8 ¢ In the group of 18 normal hamsters that compriced 12 males
and 6 virgin females 38 to 387 days old 9 had an individual average of
18 to 25 8 had 26 to 50 and 1 had 65 mast cells per cross <cction of a
thvmie lobe The range for the group was I8 to 65 There nas no sig
ifiant difference 1n the number of mast cells 1n males and females The
values for 12 pregnant 7 postpartum and 7 males 78 to 101 days old 1n
Jected with triturated viable fetal tiesue did not differ significantly from
those of the control group Age differences that ranged from 38 to 387 days
id not appreciably affect the number of mast cells per cross section of a
thymc lobe in any of the above groups of hamsters

Two hamsters bering both viable and 1 or 3 partly resorbed fetu e
had a defimtely inerea ed number of thyme mast cclls Smee 7 male
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78 to 101 days old, which were 1injected with triturated tissues of dead
fetuses did not show an increase over the control number of mast cells,
we® @ concluded that absorption of fetal tissues was not the cau.e per se
of the increased number of thymie mast eclls 1 the two pregnant females

Corticone acctate (Merck, 015 mg/100 g 1n 3 to 21 subpannieular in
Jections) reduced the size of the thymi as much as 85 per cent, but scarcely
affected the number of mast cells 1n 9 hamsters 31 to 300 days old Inant
tion, effected by reducing the amount of regular foed until 30 to 40 per
cent of the imtial weight was lost produced extreme depletion of the
thymus in 5 male hamsters 92 to 207 days old However, 1t did not reduce
the number of mast cells as determined by counts 1 cross sections of
thymie lobes® ¢

One to three mjections of adrenocortical extract (Upjohn, 50 dog umts/
100 g body werght) over periods ranging from I to 7 days produced 2
shght depletion of the thymus mn 11 male and 4 virgin female hamsters,
80 to 229 days old However, 1t failed to mncrease appreciably the number
of thymie mast cells & ¢

Spleen

The spleen by virtue of 1ts peculiar histologeal architecture and being
terposed by «inusoids betw een branches of the systemic artenal sy.tem
and tributaries of the hepatic portal system 1s potenttally a strategieally
loeated organ in the bloed vaseular system Consequently, 1t has multiple
functions that are often httle appreciated Nevertheless rabbits 514 other
experimental ammals and men appear to be able to live very happily
after 1ts successful removal

The literature 1s fairly extensnve on hematoporetic changes mduced 12
the spleen by various agents but relatively httle attention has been di
rected to the mast cells This omission of observations on the mast cells
should be attributed chiefly to the fact as admitted by one imvestigator”
that a fixation and stammg techmque to demonstrate mast cells properly
was not used

The distribution of mast cells 1 the ~pleen follows the general pattern
with regard to a vi~ceral organ and its adnexa Several nriters mamtain
that mast cells are numerous 1n the cap ule trabeculae and adventiia
of the arteries and may oceasionally be found free in the venous snuses ***
We have obsersed in hamsters a few mast cells 1n the capsule and within
the <pleen and an abundance of them in the mesenteries that attach the
spleen to the panereas stomach and colon

Bloom*™® reports that chrome 1rradation produced depletion of splenic
white pulp and ncreased erythropolesis m the red pulp These changes
appearcd 1n the spleen of mice after daily admim tration of 88rof x rays
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for 6 months and increased progressively m numbers along with the n
creastngly reduced ly mphocy toporesis and inereased erythropore ts Mast
cclls 1n the spleen of these chronically irradiated (88 r daulv) mice had a
maumal wmerease m numbers resching 45 tunes that of nermal non 1r
radiated mice

Holmgren and Wilander (1937) «tudied mast cells in the spleen of
cattle dogs, hogs, horsus rabbits and rats® However these cells occur
only 1 the eapsule and are absent m the parenchyma of the spleen 1 the
hedgehog 94

REPRODUCTIVE SYSTEM

Comparatively hittle work has been done on the occurrence of mast
cells 1n the primary reproductn ¢ sy stem of either sex Nevertheless several
mvestigators hase ob<erved a dense population of mast cells pear the
larger blood ses els 1n the connectiv e tissue of the uterus but few of these
eells occur 1n the mucosa of normal uter: or in gravid puerpural or 1n
flamed uter1%%3 Ao t of the expermental work on altening the number
of mast cells 1n reproductive structures has been restricted to the effects
of estrogens progesterone and/or testosterone on the uterus and mammary
glands

Since mast cells are fairly abundant in the comb ard wattles of roost
ers "1 1904 one would expect to find the e cells present in or around the glans
penis chtoris mipples and other erectile tissues 1 mammals man and
probably lower forms This assumption 15 supported by the report that
“mast cells are always remarkably numerous in the glans pems 6

The prepuce of rats 1s rich mn mast cell 4% 7% Supravital statning with
neutral red colored the mast cells selectively and showed that the e cells
were abundant i the preputial glands 1 the conncetis e tissue surrounding
the ducts However they were not <o numerous mn the mteracinar con
rective tissue and were not found 1n rats in the capsule of these glands °¢

GLANDULAR SECRETION

Glandular secretion s generally conceded to be controlled primarily
by parasympathetic nerve fibers Homever Bayh s and Starling (1902)
and later inv estigators have shown that humoral (blood borne eg sccre
tm)* or chemical®? control of pancreitic ecretion 1s also mmvolved and
that these effects may be demonstrated 1n certain other glands © 30 Other
m estigators believed that n addition to the well known parasympathetic
stimulation sympathetic fibers from the celtac plexus may cause a hmited
flow of pancreatc yuice % Stavraky? © found that intrayenous mnjection of
hi tamine activates a true secretion and it pre es out the contents of
the alveol and duets i the parotid and submandibular <alivary glands
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of the dog Just how Instamine “presses out the contents of the alveol and
ducts 18 not explmned but 1t probably 1s 1ccomplished indireetly through
v peremia within the gland  Another interceting point 1s that <everal m

vestigators b shown that glands, in gencral are relatively radiorcsist

ant, *¢ but that scbaccous glands are very <ensitive to epahiating doscs of
x rays, while sweat glands are nearly twice as resistant #

Whether or not mast cell produets play & direct part 1n the discharge of
seeretions 18 questionable for the chief function of these cells appears to
be related to the production, rather than to the discharge, of scereted sub
stances

The view that certan substances i mast cell granules are as atlable for
the sy nthesis of muctnogen or muein 1s not entirely new Raundmitz (1883),
and later mve tigators mcluding Staemler (1921} had a general grasp of
this 1dea ®* However, the sigmficance of Staemler s vien was that mat
cells are unicellular, connective tissue glands which sy nthesize and supply
the mucin which he believed was necessary for the production of the ‘ hitt
substance,” orinterfibnllar cement substance Harris (1810) behieved that
mast cells not only contmn mucin but supply the connective tissue wath
this substance %3 He was <o certam that these cells store and release mucin
that he propo ed the name muctnoblast to supplant the term mast cell
Certain other mvestigators muntamed that there 1s no relation between
mast granules and mucin After a series of brilliant experiments 1 wlieh
mast cells and mucin were compared by varous stamng and solubihity
methods Clowes and Owen (1904) were unable to find any evidence of
A single chemical relation between the content of mast granules and
muetn % We think that the inability of these nve tigators to demonstrate
chemiceal relations between mast cell granules and muemogen or mueir
<hould be attributed to the fact that mast cell granules contain scveral
MPS which are nearly components and may be used 1n the synthesis of
muein, hepann poseibly HA and probably other substances In additton
mast granules have been shown to contamn listamine m an nactive form

The significance of mast cells within and around secreting glands ap
parently lies 1n their ability to synthesize store and suddenly release

(fig 7) the phar 1 lly active substances necessary to produce hy

peremia with merewed capillary permeability At the same tiune this
factlitates local pooling and utilization of these extravasated substances
by the gland of the sub tances thus provided by both the mast cells and
the blood stream Thus the relations of mast cells to glandular <ccretton
may be considered to be the result of two primary functions of these cells

(1) the release of stamme and hepann for the purposc of preducing
Ly perenua by capitlary dilation with consequent leakage of proteins, serum
and other substances mto the mtercellular flurd for speedy absorption and
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utilizatron by the gland, and (2) the release of MPS, by which heparn or
other AMPs especially those for ~ynthesis of mucinogen, are suddenly
made available for uttlization by the secreting gland
The release of heparin from mast cells and, perhaps, with the addition of
other components of MPS prevention of coagulation of tissue flnd, Iy mph
and blood thereby facilitate the dissemination of ammo acids protens,
<erum and other substances in the plasma which may has e pas<ed through
the walls of the dilated camllanes Certam of the AMP released from
mast cells are beheved to be utilized directly by certamn glands such as
the alivary glands® 7 in the sy nthesis of mucinogen
A number of investigators behieve that mast eells have some 1mportant
part to play m aiding the normal secretory functions of gland< but very
few of the explanations grien for the e relations con ider that mast cell
production of hypererma has a ficant bearing on glandular ecretion
and/or other actrvities The tenet of Brack (1920) that normal growth
of certan connective t1 ues 1s dependent upon the presence of mast cells
15 generally con 1dered to be problematical 8* That the e cells are well
establi hed within and around hair follicles apparently 1s a generally
accepted fact however
Mammary glands the thymus and certan mucin cecreting glands show
significant vartation from the general rule that the mast cell population 15
related to the amount of loo e connective tis ue present %3 Certamn ept
theha espeeially the unicellular glands such as goblet cells i the columnar
intestinal epithellum appear to depend almost entirely upon fibroblasts
for their supply of mucinogenic components Therefore they appear to be
quite mndependent of the mast cells as a ource of components for the
syntheas of muem
The merease m number and disintegration of mast cells in the sublmgual
alvary glands (fig 12) and mucous areas of Brunners glands (fig 13)
and their absence in connective tissue underlymng other mucin cecreting
epithelial cells further indicate that an mmportant function of mast eells
In mucous glands 1s to synthesize and store AMP Contranhy there 15 no
apparent necessity for mast cells to be present m tho e areas in which the
ground substance of the connective tissue contamns AMP This 1dea 1s well
1lustrated by simple epitheha which even though very active 1n muemn
seeretion, e g the lining of flask shaped glands in the rabbit appendix ©
do not require a concentration of ma t cells becau e each cell rests upon the
:)asement membrane which ean draw and retain AMP from the underlymg
1ssue
Mast cells do not appear to play an mmportant part 1n the formation of
the mtercellular substance which cements epithehal cells together and
forms the b 1 that the epithelum to the under-
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Iying connective tissue 3% That 1s because the components of this sub
stance, apparently, are supplied chiefly by fibroblasts However, mast
cell products probably contribute histamine and, indirectly, to the forma
tion of intercellular substance and mueinogen n certain epithelia which
eercte mucin rather than form keratin In some of the mucosal epithela
such 23 those that occur 1n the stomach and uterine cervix, any or all of the
cells may seerete mucin 3% In other mucosae such as those 1n the intestine,
however, certain mndnndual (goblet) cells assume the function of storing
and suddenly releasing by rupturing, the stored muein Goblet cclls may
be found 1n all strges—from carly conditions to dr tended, ruptured and
depleted conditions Thus, 1t 1s obvious that the production and storage of
mucinogen by umcellular glands such as goblet cells and by glandular
ares of eprthelium as found 1n the stomach and cervix uter, 1s an es entt
ally continuous process Although a fair representation of mast cells may
be present 1n the connective tissue that underlres the basement membrare,
thev apparently play httle or no part in supplying components for the
formation of muctnogen excreted under these conditions which apparently
18 supplied almost entirely by fibroblasts
The number and relation of mast cells to muein secretion 15 dependent
upgn the amount of ground substance available m the contiguous connee
trve tissue Thus arcas of epithelrum such as the lining of the flash <haped
mucous glands n the rabbits appendix, ° which consist of numerous
goblet cells among the simple columnar cells most of which are activels
secreting mucinogen depend chueflv upon fibroblast produced ground sub
stance for their supply of components for sy nthe 12ing mucinogen For this
rea on mast cells are <carce m the contiguous connective tr sue This ob
<ervation 1s contradictory to the relation that exists 1n other mucus secret
1ng t1esues, such as the sublingual salnary glands and Brunner s gland 1
the hamster We find 1n these mucous glands a sigmficant inerease 1n the
number and dismtegration of mast cells as well as a direct relation be
twcen them and the muein secreting alveoli The function of mast cells as
synthestzing and storage cells for AMP 1s cvident 1n those glands which
mucous als eolar cells are numcrous and compose most of the gland and 1n
which there 15 comparatively hittle stroma and connectave t1 sue and, con
sequently very httle ground substance from which to obtam AMP or its
components, as in the salivary glands® 7
Another approach to the solution of this question mnvols es the functional
actisity of the gland iteelf that 1s whether it ecretes more or less con
tinuously or chiefly at wrregular intervals in re por e to exogenous stimu
lation Mast cells apparently play an important part, as mdreated by the
m mbers present, 1n promoting normal functions of those glands and certam

non glandular structures which produce therr products ntermittently
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cycheally, periodieally or expenience 8 ‘crest  of productivity However,
thes 15 only one view of the problem, for mast cells inerease 1 nuwber 1w
the thyrwus with the onset of aze or acadental mvolution of thus strue

ture &1 5 ¢ 5 7 602 Nfychels 893 after exting the work of numerous mvests

gators states that the eausative factor responsible for the great inerease m
the number of mast eells in the thyroes s erbhanovd xod weexplamed !

Honever, 1t appears to us that the merease 1 the nursber of mast cells 1n
the thymus dunng mvoluten suggests that these cells are syntheaizing
and storing AMP from substances hberated during the process of nvolu

tion

Salnary Glands

Mast cells are corsmon throughout the connective tissue of the three
parced salnary glands an the Syman hamater® 7 % Nevertheless the
amount of mteralveolar and e<pecially intercellular connective tiseue 13
surprisgly hmited <o much so that the mast eells are sometimes squeezed
between the structures

Prebmmary work indicated that m hamsters mast cells are more numer
ous 1 the sublingual salivary gland which contams only mucinous aciny
{fig 7} then in etther the submandibular or parotid glands winel ¢y preally
contam enly rerous aestt This lead suggested the desirabnhity for further i
vestigation to determine whether or not mast eells are related to mueno
genesis in the salivary glands

The Syrtan hamsters used 1n the following seres of expcriments were
alladults at the time the experiments were wtuted but they were B4 to 447
days old when alled Al of these animals were from our colony and had
been selectively nbred but not conwstently brother mster mated, for
nearly 10 years

SALIVARY GLANDS OF MORMAL ANIMALS

Burstone! 5 states that n normal mice the sublingual salvary glands
stan more m 1y than the 1 glands but he does not re
late this findeng to mast cell population 2s1s the ca e in the Syrian ham
ster® 7

Details of the techmque employed to study mast cells n the three
pawed salnary glands of the hamster are given with the experimental re
<ulte in the nevt sectign We 7 have observed that there are more mast cells
m the salnary glands that contam muein secreting alvesh (sublingunl}
than 1 those contawng serous alveoli {parotsd and submandibular) in
normal hameters The salnary glands of the 8y rian bamster are remark
ably nearly free of mreed alieoh Only 2 hameters out of oll the control and
e¥perunental groups studied had auxed glands These 2 hamsters had small
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mucin secreting areas in the submandibular salnvary glands which were
corrclated with the preence of an advanced, transplanted basal eell car
cmoma (HC 1) The number of mast cells 1n the muein scereting glands
was actually 2 to 3 times that m the serous glands 8 1 The mteralseolar ar
rangement and physical condition of the mast cells 1n the salivary glands
of hamsters also mndreate that mast cells contribute MPS to mucm secret
g alveolar cells In the sublingual {mucous) glands of normal hamsters
86 to 90 per cent of the mast cells were adjacent to or actually touchmg
alseolar cells, and 10 to 14 per cent were farther away 1n the snterstitial or
mteraly colar conneetive tissue In the submandibular and parotid (cerous)
glands, the relations were nearly reversed, however, mith only 16 to 20
per cent of the mast cells adjacent to alseolar cells and 75 to 84 per cent
1n the interstitial or interals eolar connectne tissue & 7

The granules of mast cells adjacent to alveolar cells in the muein <ecret
ng sublingual glands were usually free or being freed the mast granules
of those cells more distant in the connective t1 sue were <eldom free, thus
ndeating inactivity of these mast cells

The greater number of mast cells i the <ublingual gland and their
mcreased rate of disintegration as compared w1th those 1n the <ubmandibu
lar and parotid glands support the tenet that mast cells have a function n
providing substance for the synthesis of muemn by the sublingual gland
These observations suggest that 1n addition to the usual relations of mast
cell products, espectally histamine and heparin®* 195 to hyperemia there
1s normally & greater demand by mucin secreting alveol: for es ential AMP
stored 1n the granules of mast cells than by serous alyeoli There were rela
tively more mast eells releasing granules in the sublingual than i the other
two pured glands The fact that we consistently obserse more mast cells
n normal glands that contan muem secreting alveolh than 1n those that
contaun scrous alveolt strongly suggests that the distribution of mast eells
1s correlated wrth special storage components supplied by these cells for
the synthesis of muein by the alveoli smee these ah eolar cells do not have
available quantities of MPS 1n the connective tissue for the simple reason
that there 1s scarcely any connective tissue between the alveolar celis 1
the <alnary glands

Mast etlls nere more numerous more 1rregularly shaped—had longer
cytoplasmic processes and a igher degree of dispersion of freed granules
1n the sublingual which contaned only mucous alseolar cells than in the
submandibular or parotid gland w hich contamed only serous als coliin each
of the control hamsters considered here and m tho ¢ ob erv ed 1n connection
with other expersments

The number of mast cells n the 21 control hamsters that werc used n
the rradiation experiments averaged at least twice as many m the sub
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lingual as m the submandibular gland The e control hamsters included
one or more litter mates of most of the ammals that formed the various ex

penimental groups The frequency distribution of the ratios showed that 6
of the 21 controls had 3 to 6 trmes as many mast cells m the sublingual
asin the cubmandibular gland The mean ratio of mast ¢ells 1 the subman

dibular sublingual and parotid glands of the 21 control hamsters was
1 2 07, re pectively 3 * The number of mast cells 1 the three <alhary
glands of 5 male and 6 female controls did not differ sigmificantly, and sex
differences were not abserved 1 the terminal alyeolt of the cubmandibular
gland 1n exther the control or experimental hamsters The only sigmficant
effect that mght be attributed to age nas noted in 2 hamsters less than
54 days old n which the sublmgual gland contamned fewer mast cells than
the submandibular We arc unable to offer an explanation for this dis

crepancy m ammals which had been weaned approximately 15 days

SALIVARY GLANDS OF EXPERIMENTAL ANIMALS

In the quest for information on the distribution and relations of mast
cells in the mucigenous, pared saltvary glands we subrmtted 21 hamsters
to total body < irradiation 10 to low protem diet and 36 to implantation
with sarcoma and careinoma

Total body z vradation The effects of irradiatton on mast cells and
glandular secretton 1ary considerably with the duration of the postirradia
tion period as well as with the dosage The followng deseription 1s based
upon a group of 32 male and 22 female hamsters which were mdividually
expo ed to a single x wrradiation of 400 995 or 1200 r as determined 1
air with a Victoreen r meter However no allowance was made for scat
ter from the metal cages Each hameter was confined with ample turning
room m a no 4 hardware cloth, 2 rectangular cage that had dimensions
of 25by 35 by 51n winch was closed by a25by 35 1 id of heet gal
vamzed iron The factors uced were 200 hv 152+ and 20 ma with a 1 mm
aluminum filter at a 36 cm target distance very much as de enbed 1n an
earlier work 5 8 Al of the animals were hilled 3 to 18 day s after irradiation
by cenvical fracture (fracture of the third cervical vertebra)

The submandibular sublingual and parotid glands of each side were
ahgned on a piece of stiff paper before fixatton 1n sublimate aleohol so
that when cut each section mncluded tissue from all three <alnvary glands

The glands were routinely embedded n ti suemat (Fisher) sectioned
at 6 u and stamed with toludine blue O (Nattonal Amlime Division, Cert
No NU 9) in water having a pH of 70 That the granules of mast cells
of hamsters are insoluble n water after fixation in subhimate alcohol was
shown by comparing the number of mast cells i mounted ecctions that
weremmer ed 1n water at 37 C for 7 days with con ecutrie sections from
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the same bloek of tissue which were exposed to 75 per cent aleohol, but not
to water, for the same period of time

Supplementary methods used to compare granules of mast cells with
muein or mueigen 1n alveolar cells included the periodic aeid Schiff (PAS)
test for water soluble and insoluble polysacchardes®7 the Feulgen
method for thy monueleie acid,!®! saffranin for metachromasta and treat
ment with ribonuclease 957

To determine the location of mast cells within the sublingual gland the
deparaffimzed scetions were placed n water before staining ta remove the
water soluble muein and demonstrate the cytoplasmic reticulum 1 the
ahvcolar cells which 1s in<oluble 1n water and usually retains the tolmdine
blue This method sharply differentiated both mast and alveolar cells

The PAS positive cytoplasmic retreulum 1n the muein secreting cells of
the sublingual gland resembled the granules of mast cells in being msoluble
m water folloning fixation m sublimate alcohol and m being metachro
matic when tamned with tolurdine blue or <afframin However, the granules
of this retriculum differed chemieally from the mast granules because they
gave a positine PAS reaction by either the hydrous or the anhydrous
methods, whereas the granules of mast cells were PAS negative m all
hamsters with the exception of one which bore the ba<al cell carcinoma
(HC 1) In this hamster mast eells m all the salnary glands, pancreas,
thy mus and mesentery were PAS poutive These observations agree with
the statement of Lillie®® that most mast cell granules do not give & pos
tive PAS reaction Compton'8! suggests that the failure of mast cell gran
ules of hamsters to stain coneistently with the Hotehhiss PAS reagent may
be due to the presence of a tnisulfuric form of MPS

To compare the number of mast cells 1 the sublingual gland with that
m the submandibular and parotid glands the number of mast cefls in four
ficlds of the microscope (X 200) was totaled for each gland Since the
number of mast cells in the submaxillary gland was intermediate betw een
that of the other tno glands the ratio of the total number of mast cells in
the <ubm indibular to the total in the sublingual and to that 1n the parotid
gland was determuned for each individual To compare the number of mast
cells 1n the salivary glands with that in other organs the Iver pancreas
and thymus of each hamster was ccetioned and routmely stamed with
toluidine blue

Results of wrradiation Total body exposure to ¥ irradiation of 400 995
or 1200 r did not significantls, alter the actual number or change the ratio
of mast cells, n any of the alivary glands m ham ters hilled 3 to 18 days
after wraciation In this wrradiated group the average ratios of mast cells
1n 21 hamsters (11 males 10 females) was1 25 1 for the submandibular
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sublingual and parotid glands, respectively Theee <ame glands from 21
controls (12 males, 9 virgin females) had average ratios of 1 2 07, re
spectively

Burstone! 3 irradiated mice by subcutaneous mjection of a suspension
of radioactive chromic phosphate (contaiming P? , approximately 15 ge
per mouse) adjacent to the left submaxillary gland ’ and hilled the mice
7 days after mmjection After fixation by the Altmann Gersh freezing and
drying method he found that the alveolr 1n both subhngual and subman
dibular glands stained less mtensely by the Hotchkiss PAS method than
normally, and attributed this tinctorial ehange to the depolymenization of
glycoprotein Burstone observed that this decrease in stainability was much
greater n the submandibular than in the sublingual gland and, as the
result of enzymic tests he luded that the sut dibular 15 more ra
diocensitin e than the mucus secreting sublingual gland

Lou protein diet Ten Syrian hamsters were kept 10 to 36 days on a
protemn free, otherwise balanced, diet (General Biochemeals, Inc) to
which 2 per cent protemn by weight 1 the form of powdered brewers yeast
{Mead) was added with water ad libifum, for 10 to 36 days All 10 <howed
an mcrease mn the number of mast cells m the sublingual gland Half of
these hamsters had 2 to 6 times as many mast cells m the sublingual as m
the submandibular glands The mean respective ratios for the cubmandibu
lar subhngual and parotid glands 10 these 10 hamsters was 1 3 1 1t was
1207 1n 21 control ammals® 7

The distribution of mast cells m the salivary glands of these protemn
low anmmals approumately paralleled the condition 1n the eontrol group
About 86 to 90 per cent of the mast cells were contiguous with alveolar
cells in the sublingual, and 16 to 25 per cent were ad)acent to ak eolar cells
1 the submandibular and parotid glands The rate of relea e of mast gran
ules 1n the submandibular gland of the protemn low hamsters approvi
mately equalled that 1n the controls

Pancrease and Islets of Langerhans

Ma t cell distribution m the pancreas follows the general plan for sim
lar compound glands (such as the salnary and mammary glands)™s! 1n
which the e cells are situated periductally m the loo e interals eolar and
Ppara alveolar connective tissue 181 31 33 The pancreas of Syrian hamsters
has fewer mast cells than the saltvary glands 53t 38

The 1slets of Langerhans appear to be fairly defimtely dependent upon
mast cells to trigger their activaty for we found a single mast cell 1n the
periphery of an 1slct m more than 50 per cent of all 1slets n 6 » scetions
of the pancreas of normal hamsters (fig 10) Thus 1t appears that mast
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cells exert the same ty pe of vascular control over the activity of the islets
as )thcy do with the parathyroid glands and with the thyroid follicles (fig
11

The part played by mast cells in the pancreas 19, apparently, primanly
related to the regulation of vaseularity, whereas this appears to be therr
only function 1n connection with the 1slands of Langerhans The pancreas
of normal hamsters has fewer mast cells in the connective tissue near the
alveolt than do the salivary glands In pomt of distribution, the mast cells
1n the pancreas of hamsters occur 1n adjacent connective tissue outerde of
the lobules rather than between the alveolt This distribution and paucity
of mast cells may be correlated with the fact that pancreattc yurce contains
very little MPS compared with the amount of protein, whereas saliva 13
fairly rich in MPS, but contains less protein than does panereatic juice
This proposed explanation 1s based upon mast cells 43 an ymportant source
of AMP It does not consider mast cells as a source of histamine, or the re
lations of listarmine and heparin to mast cell induced hyperema that
volves the pancreas

The salivary glands normally produce comparatively httle saliva except
during mastication of food when production 1s at its peak ® The pancreas
18, presutnably, constantly secreting a maximal amount of pancreatic juice
during the passage of chyme from the stomach nto the mtestine a matter
of about 4 75 hours to empty the human stomach of a relatively fat free
meal ® Tt 1s also interesting to note that the per diem volume output of
salina and of pancreatic juice 1s about the same 1 to 15 hiters ¢

Certain Submucosal Tubuler Glands

The relation of mast cells to the secretion of muein occurs not only 1n
the sublingual glands and mucin secreting area of Brunner s glands (fig
13), but also 1 other muein secreting glands that are characterszed by the
presenee of very little connective tissue, e g, the submucosal glands i the
trachea and the muemn sccreting alveoh of the mucoserous glands mn the
tongue and olfactory membranes Thus the mucosa of the oronasal cavity
pharynx, ¢ ophagus trachea and gastrointestine 1s perforated by the ducts
of great numbers of small tubular glands which richly contribute to the
lubreation of the mucosa Mast cells are more numerous m the muem
secreting areas than in the serous are1s n all of these glands The smaller
the mucous gland the fewer the mast cells, because the epithelium has
ready secess to available MPS in the ground substance underlyng 1t and
surrounding the mucous sccreting glands These small tubular glands
charactenstically do not extend mnto the tunica musculans if 1t 1s present,
but generally lie 1o the lamna propria mucosae and submuco 1 Some of
the<e small tubular glands are purely <erous Others are purely mucous and
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some are mixed 3 393 493 536 €80 Attention here 1s directed to the secretory
end preces of these glands rather than to their morphological clasaification
Mast ¢clls i varying numbers always oceur i the submucosa and general
regron associated with these small tubular glands

ORONASAL TRACHEAL AND LACRIMAL GLANDS

Beeause of the small size of the glands m the submucosa of the mouth
and nares one would expect them to obtam their supply of AMP cluefly
from fibroblasts 23 do the goblet cells 1n the intestine Nevertheless a rela
tionship stmilar to that of normal salivary glandsis indieated by the muein-
secreting submucosal glands m the tongue, pharynx, nares and trachea of
normal hamsters The mucin secreting tubular glands show a decidedly
greater periglandular ation and d of mast cells than
occurs 1n the submucosal serous glands in these regions

Eggston and Wolff? ¢ state that goblet cells occur an certam areas of
the resprratory tract notably the postertor surface of the epiglottis’ and
1 the nasal mucosa of man These mtraepithehal glands since they “do
not the b b b ! and are situated entrrely within
the epithehum 2% should not be confused with the submucosal tubular
glands, for they are unicellular or goblet, glands and probably obtain the
components for the secretton of muecin directly through the basement
membrane

It 15 clarmed that although seromucous (mixed) glands oceur in the
respiratory tract, they are not found in the nasal mucosa of man 7 Our
work does not presume to settle this question, however, we consistently
found both serous and mucous glands m the oronasal and tracheal sub
mucosa of hamsters

Other mvestigators have recorded a high number of mast cells 1 the
tonguet™ 71 gnd have noted a correlation of high histamine content with
an abundance of mast cells 1n this organ ™!

The subserosal glands of the trachea in hamsters become much larger
than those mn the oronasal region and also contain a greater number of
mast cells These glands attain maximal size 1n the larynx where they may
pass between cartilage and form leose folds or cotls 1n the larger areas of
loose connective tissue outside of the cartilagenous plates Mast cells are
numeroys m the loose connectrve tissue of the trachea but are notably m

creased near the submucosal glands

Other serous glands such as the lacrimal gland contam very few mast
cells However, the conjunctival mucous glands of Krause m the eyehd
coutain more mast cells than the lacrimal gland but not so many as occur
i the sublingual salnary gland Apparently the glands of hrause seerete
Some mucus but 1t 15 1n o dilute form These glands appear to represent a
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cross between the purely mucous and the purely serous type of gland Each
sccreting cell, however, 1s the same There are no areas that are exclusnely
g or excl ly cerum 3’

BRUNNER'S (DUODENAL) GI ANDS

We regard the fact that the duodenum has a “igh histamine content’
which 1s “associated with an abundanee of mast cells’ 7 * as correlated with
our® & finding that the high content of mast cells mn the duodenum of the
hamster has a direct relation to secretion by Brunner’s glands We con
ducted further experiments designed to a1d 1n determining whether or not
mast cells supply substances for muemn secreting cells Brueflv, the results
we obtamed indicate that the chief function of mast cells, m addition to
thetr v asomotor relations, 1s the synthess and storage of MPS which ray
serve as an essential component 1n the production of muewmn and certam
other substances

The sigmficance of mast cells 1n muein secretion 1s evident n the dif
ference 1n the number and disintegration of mast cells m mucous as com
pared with serous, secreting areas of Brunner s glands of the hamster (fig
13) Incidentally, they offer a good site for this comparison because both
mucous and serous areas are pre ent 1n distinct levels i the same sectron
of tissues 8

Mast cells associated with the mucous alveol were more numerous than
those assoctsted with the serous alveoli of Brunner’s glands 1n 10 normal
hamsters, 91 to 380 days old 1n which the mast cells 1n each hamster were
definitely more numerous 1n the tissue that surrounded the mucous end
pieces than 1n the same situation 1n relation to the serous end pieces b
Brunuer s glands ® 8 Locahzation and disintegration of mast cells m areas
of mucous end pieces in Brunrer s glands were sumlar to these relations
to the alyveoli of sublingual <sahvary glands Thus, Brunner s ¢lands further
wdizate that mast cells may provide MPS for the secretion of muem ® * °°

Forty pine hamsters (23 males and 26 females) 91 to 382 days old were
individually subjected to total body x irradiation (as described under

Salivary Glands of Experimental Animals 1n this chapter) and studted
to determime the effect, of x rradiation on mast cells and sceretron of mucin
by Brunner'’s glands > 8 Exposure to 400 r decreased the number of mast
cells and correspondmngly reduced the sccretion of muem by Brunners
glands 1n 4 owt of 8 hamsters that were killed, 3 to 8 days postirradration
Fight out of 9 hamsters that were killed 2 to 8 davs after recerving 1200
¢ had very few mast cells and showed little or no =ecretion of muein by
the e glands Twelve out of 13 hamsters that were Jalled 6 to 9 days after

recening 995 1, and 7 out of 12 that also recerved 995 r but were halled on
the 10th day after irradiation, hid a defimtely deercased mast cell popu
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Iatson i the mucosa and submuco<a of the duodenum and decrea ed mucin
secretton by Brunner s glands However, 5 others that were killed on the
10th day after 1rradiation had no detectable change 1n either the pumber
of mast cells or 1n mucin seeretion The mast cell number and muern <ecre-
tion were sbout normal in 4 out of 6 hamsters that were Lilled 18 to 33
days after recerving 9921 ® 8

GASTRIC GLANDS

A review of the available hteraturc indicates conclusively that hista
mine both exogenous and endogenous, 1s very effective 1 stimulating
gastrie <ecretion 174 3% but the part played by gastric ma t cells as the
chief source of the endogenous histamine has not been defimtely estab
hshed Mota and co workers? ! obtained relatively high histamine values
for the fundic region of the stomach 1n normal rats However, the admmis
tration of compound 48/80 failed to reduce this histamme content <igmfi
cantly and correlated with 1t, they found few mast eells m normal rats
and none 1n those treated with 48/80 Thus the worh of the e investi ators
mdicates that only a very <mall amount of gastric histamine (about 03
#g/1) 1sderved from mast cells in the rat whereas the total amount found
1 the fundus of normal rats was 15 1 pg/g Douglas and colleagues (1951)
obtained histamme values 1n dogs of over 100 pg/g for the fundie muco a
and 68 to 70 pg/g for the entire thickne s of the fundic wall 3 Feldberg
and Harns (1953) obtamned histamme values of 140 pg/g for the region
of the fundie partetal cells®®! which indicates & strong relation betwcen
histamme and secretion of gastric juice and acd Although Feldberg
states that mast cells werc pre ent m the gastric ubmucosa he expre ses
doubt that the great amounts of listamine partrcularly the high value of
140 4p/g  arc of mast cell ongin  We found a few mast cells in the gastnc
mucosa of hamsters but they were much more numerous m the underl; ing
connective tissue

Mast cells as a source of gastric histamine as Morton and/or Stavraky
(1945 1947 1948) have shown by artenial 1njections of acetyleholne nto
the lesser curvature of the stomach ma) have an mdrrectly stimulating
effect on gastric scerction by releastng histamine which mediates the ac
t1on of acetylcholine on partctal cells 1% Several mv estigators have shown
that subsequent to <ection and degeneration of the parasy mpathetic bear
Ing vagus nerves gastric <ecretion 1s stimulated by Iustamine and that

itropme which abolishes secretion 1n intact ammals failed to mhibit the
tmulating effect of the histamme mn these amimals # Babhun (1930) and
Webster (1931) found that histamne had very Dittle effect on mucin <ecret

1ng cells 1n the stomach and had no effect on the chref cells ¢ However
1t stimulated the actd secreting panietal cells and ¢ thus established that
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cross between the purcly mucous and the purely <erous ty pe of gland Each
secreting cell, however, 1s the same There are no areas that are excluavely
mucmogente or cxclusively serum secreting

BRUNNER'S {DUODENAL) GLANDS

We regard the fact that the duodenum has a “lugh histamne content”
which1s “assoctated with an abundance of mast cells’ * ! as correlated with
our® § finding that the lugh contcnt of mast cells in the duodenum of the
hamster has a direet relation to secretion by Brunner s glands We con
dueted further experiments designed to aid 1n determumng whether or not
mast cells supply substances for muein seercting cells Briefly, the results
we obtamed 1ndicate that the chief function of mast cells, 1n addition to
their vasomotor relations, 1s the synthesis and storage of MPS which may
serie as an essential t m the prod of muem and certamn
other substances

The sigmficance of mast cells ;n mucin secretton 1s evident i the dif
ference n the number and disintegration of mast cells 1n mucous, as com
pared with serous, seereting areas of Brunner’s glands of the hamster (fig
13) Incidentally, they offer a good site for this comparison because both
mucous and serous areas are present 1n distmet levels in the same section
of tissue® &

Mast cells associated wath the mucous alveolr were more numerous than
those assoerated with the serous alveol: of Brunner’s glands 1 10 normal
hamsters, 91 to 380 days old 1n whieh the mast cells i cach hamster were
defimtely more numerous 1 the tissue that surrounded the mucous end
ieces than 1 the same situation 1n refation to the serous end pieces 1
Brunner’s glands ® ¢ Localization and disintegration of mast cells in areas
of mucous end pieces 1n Brunners glands were similar to the e relations
to the alveoh of sublingual sahs ary glands Thus, Brunner s glands further
indicate that mast cells may provide MPS for the secretion of mucin 3 * 3

Forty nine hamsters (23 males and 26 females) 91 to 382 days old, nere
individually subjected to total body < wradiation (as deseribed under
¢ Salivary Glands of Experimental Ammals 1 tlus chapter) and studied
to determine the effect of x 1rradiation on mast cells and sceretion of muemn
by Brunner s glands ® 8 Exposure to 400 r decreased the number of mast
cells and correspondmgly reduced the sceretron of mucin by Brunners
glands 1n 4 out of 8 hamsters that were killed 3 to 8 days po tirradiation
Eaght out of 9 hamsters that were killed 2 to 8 days after receiving 1200
r had very few mast cells and showed httle or no secrction of muem by
these glands Twelve out of 13 hamsters that were lilled G to 9 days aiter
recerving 995 T, and 7 out of 12 that also recen ed 995 r but were hitled on
the 10th day after irradintion had a defimtely decreased mast cell popu
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potine, water incoluble MPS <ecretion and the other 10 females which
recenved only 3 to 8 injections of estrogen (1 to 4 mg) duning 1 to 77 days
did not deyelop these endometrial ¢y ts® ®

Fourteen female hamsters that recetved 6 to 29 subpannicular mjections
of pro,esterone (625 to 450 mg) during 9 to 26 days and which had pre
iously rer erved 9 or more mjcctions of estrogen were not protected by the
progesterone ® ? Six out of the 14 developed the characten tic, estrogen
produced type MPS cysts in the endometrium S *

Permeabilbity to Tons

Another pomnt well worth considering although 1t 15 usually essoctated
with muscular function 1s the ympertance of pota stum m regulating per
meability Szent Gyorgy1™™ pomnts out that estrogen and progesteronc
¢ change the tonie permeability in the uterus  which may drastieaily 1n
volve the potassium ion permeabslity which ¢ 18 o basce feature of life” and
would be expected to nfluence utermne glands He further points out that
‘ potasstum permeability 7 i the uterus1smany many times more sensitne
to effects of estrogen and progesterone than 1t 18 m the heart The pomnt
of applieation at thss time 1s that 4 continued di turbance of the dehicate
potasstum balance may be the essential mechanism which enables estrogen
to inthate a sertes of permeability changes that result m endometnal by
perplasta with the formation of PAS positive, MPS evsts or careinoma

Mammary Glands

The primary advantage of trephocytes mn manj3 localized tissues appears
1o be the of certain substances within a localized area We have
previously pointed out that one primary function of lymphacytes and
Pplasmacytes in wound healing and chronie inflammatton 1s that of bridg
mg the protemn gap The same wmnter bridging effect with regard to AMP
pertams to mast cells 1n several organs such as the mammary gland The
mast cells mn this tissue appear to have the function of stormng AMP from
degencrating collagenous or white connective tsuc and retammng the
AMP in the localized ares for one of several purposes such as the detovien
Lion of estrogen or for the subsequent avarlabihty of carbon chains for
ather processes The meresse of mast cells 1b the mammary gland could
facilitate a regulatory mech for the detoxication of estrogens A num
ber of wmvestigators report the presence of an unusually high pereentage of
mast cells an the mammary glands 1n resting or 1n active stages and that
these cells are conspieuausly more numerous when they are assactated with
aleoli and ecretory ducts than 1n the more di tant connective tissue 893
At least one nvestigator Huguenin belteves that, developmentally mast
cells appear m the mammary glands much later than n the shin ©3 Al




118 LYMPHOCYTES AND MAST CELLS

histamine acts as a specific stimulator of the panetal cells’ of the ctom
ach 184

Code'?® leaves no room for controversy over the question whether or not
histamine 1n gastric juice 18 effective 1n stimulating parietal cells He cites
the work of several iy estigators which <how s that 1n order to produce even
very shight secretory responce by the application of histamine to the free
surface of gastric mucosa, ¢ tremendous quantities of histamme must be
applied ’ because 1 the stomach and intestine the surface of the ntact
mucosa 15 almost “an impenetrable barrier to the passage of histammne
from the lumen Concerning the existenee of a chemical mediator, Code
shows that evidence 1s entirely Iaching for the existence of a mediator or
of a chemical transmitter between histamine and the panetal cells which
1t 15 known to affect Thus, for exogenous histamine to cause the secretion
of gastric juiee, 1t must be parenterally admimstered This finding sup
ports the effectiveness of endogenous histamine irrespective of whether 1t
15 plasma berne or kiberated from nearby mast cells

UTERINE GLANDS

Various investigators have shown that the percentage of mast cells 1n
the uterus 18 extremely high especially associated wath the larger blood
vossels In the connective tissue, but that mast cells are extremely rare m
the mucosa of the uterus %3 We?® ® have noted the paueity of mast cells n
the mucosa and have obsertved the abundance of these cells i the stratum
vasculare 1n the uterus of hamsters Suomalamen®? observed mast cells
1n the uterus of mice

Mast cells are fairly well represented 1n the decidua, where they have
been observed losing therr granules and in the chorion but they are <parse
m the gravid puerpural and inflamed uter: 83 It 15 mteresting 1n this con
nection to note that other e tigators report a tremendous increase m
plasma histaminase during pregnancy which 1s attributed to the production
of histaminase chiefly by the placenta 804 507 Tt has been suggested that
this great m cireul. prevents the appearance of
excess mstamine m the blood during pregnancy ® This would al o be ex
pected to account for the paucity of mast cells n the pregnant uterus

EFFECT OF PARENTERAL ESTROGEN
\ ] of aq estrogen (30 to 145 mg Lakeude)
6to 39 times during 8 to 77 days 1nto 20 young adult, virgin hamsters did
not mgnificantly alter the metachromasia in the endometrial comnective
tissue nor the number of mast cells i the endometrium or stmtum vascu
larc 3 ? However 10 of the 20 hamsters devell
polypl most of which contamned one or more Iurgc cysts filled with a PAS




PHISIGLOGICAL DISTRIBUTION OF MAST CELLS 12t
the mast cells underw ent ey stic degeneration At the same time, others were
supposed to have migrated from the outlying connective tissue mto the
glandular areas so that the number 1 the connective fissue was dimmshed
while that 1n the area of the mammary glwnds was nereaed %

It s thought that the administration of estrogen to male rats {(supposcdly
mtact ammals) causes hypertrophy of the mammary gland with wnereased
mast cetls and modification of the stroma associnted with the glands Since
these events are coneurrent, 1t 18 suggested that the mast cells play a part
1 the modification of the stroma and 1n fibnllogenesis 3
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though Locb®! records the presence of mast cells 1n the stroma of the
mammae 1n women and rats, he does not relate their presenee or rumber
to any stage in the estrus cycle Riley®  observed chains of Type I (im
mature) mast cells arranged along muscularly walled blood vessels and
scattered Ty pe II (mature) mast cells cluefly associated with capillanes
1n the connective tissue adnexa of the mammary glands of rats

The mncreased number of mast cells, folloning and during the perod of
resorption of collagen, provides a ready locahized mechamsm by which
cxcessive concentration of estrogen i the mammary gland may be detoxt
cated If detovication of estrogens werce dependent entirelv upon the liver,
the cycles of activity withm speciahized organs such as the mammary
gland and uterus would be expected to be more prolonged 1f mast cells did
not provide sulfuric and glucuronie acids for local detoxieatron The
changes 1n the mast cell population 1n the mammary gland iflustrate an
mteresting cycle by which trephocy tes can bridge an mtersal of time and
during this process serie several functions 1n this case, the reabeorption
of collagen for subsequent other processes, mncluding the detoxieation of
estrogens and the ncrease of the permeability of eapillanes and connee
tive t1 sue ground substance

Changes n the number of mast cells w ould «lso faciitate sporadic action
of substances such as estrogen For example the cffects of a heavy con
centration of estrogen could readily be decreased by the detoxication of
the hormone by glucuronte and sulfurte acxds from mast cells Thus the
great number of mast cells 1n the mammary gland of hamsters could facilt
tate and 1ncrease the speed of the estrogen cycle For example an merease
of estrogen 1n the mammary gland might have a certamn prolonged effect,
but ready detoxication within this gland could mhibit the inttial function
of the hormone Stmular relations could oceur i the uterus

Three to 29 1njections of aqueous estrogen (I 4 to 29 0 mg) durmg 1 to
64 days notably mcreased the number of mast cells (figs 14 and 15} and
the amount of collagen mn the mammary glands of 19 virgin hamsters 42
t0 96 days old as compared with the mammary glands of 24 normal virgin
controls of comparable ages These 19 estrogen treated femnales al<o had
more mast eells 1 thetr mammary glands than in the glands of 6 pregnant
5 postpartum or m 5 control hamsters mnjected with the ustrogen vehicle
only 53¢

In male rats mast cells are said to be farrly numerous tn the subcutane
ous connective tissue of the body but are much less numerous at the site
% here rudmmnents of the mammary gland oceur In rats that recerved heavy
doses of e trogen mast cells i the mammary glands had a tendency to
increa e <oon after the beginming of the expermment Later the number dt
mmmished and as the pertod of estrogen treatment was prolonged ome of
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contractihty and tonus of the preferrmnal {(“metoarterioles™) and terminal
arterioles and the eapillary sphinciers that cause vasodiiation stasis and
leakage of plasma and protemn into the wtercellular spaces Cortisone pre
vents and corzects this vascular condition and mhibits trapeformation of
combined (bound) to labile (readily freed) hstamme

Certam tmtestigators appanatly beheve that histamine whibats wound
heahing Barnard {1935) suggested thed under certain conditions of wound
heshng farlure inefuding general snd swmlar conditions . homografted
<an of mice, “healng may be watiated promated or acceterated by the ap
pheation of certain antihustamine or other substances ot of which are
competatrve wnkibitors of hyaluronidsse 28

Vitaxun bhe functions of hitamme have also been sugge ted The
ference 1s that most sf not all vitamin stamne” 13 mbsorbed from the
ahmentary tract and that wuch of 1t may be found as conjugated sta
mune mm the urine but that little or nene of this absorbed histamine occurs
m the unine 1o 8 free state ¥ 829 The nork of Wilson (1854} and others
supports the theary that histamine 1s, or 13 related to & vitammn 3¢ Gad
dum3® states that dogs and cats do not make histamine  bub they ab
sarh 1f as & vitaxan, apparently from thewr meat diet whick as Anrep
(1944) bas shown for hons and other great cats supphes relatnely large

ts of b 8s 15 mdicated by the great snerease in the armount

ot conjugated histarmne {probably scetylstamine) in the total urme
histaming 3 ¥ 320

Rahlsan (1958) n the discusston of Gaddum's™ paper challenged the
validity of the basis for the theory that histarune way be considered a
vitanun His objections were based upon ino mpmficant abseryations
(1) Schayer ¢ hag shown that bound listamine bas a Yurnover  with a
half-hie of about 50 days mn the gmnea pig  and (2) ke and others have
shown that wmstead of the } 100 m the gest stinal
mueoss bemng depleted ta started cats (30 per cent body weight loss) 1t
was not altered

SOURCE OF HISTAMINE

Histamme occurs o sl ammal and vegetable tissuss - gpd 15 es
pectally high an spnach leaves and flowers nettles tomatoes and lambs
Quarter®® gnd has been extracted from a number of dufferent kands of
fung ¢ Histanune otcurs eluefly in o% inert form® T 40T 46 883 st
900 933 104 1043 1134 g 1y stages m which 1t 15 10 combined Iable or free
forms *® Yarous svestigators idicate that istamme veetrs 1m es en
tially all cells 22 447 including most plant cells <22 or at Jeast o all gmamal
Uisgues 33 10M Hopever Gaddum® ? states that most of the evtractable
tissue hustamine  seems to be contained Within the mutochanden or other
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Histamine

The mmportance of mast cells as a source of histamine and heparin has
opened a wide field of approach to the nvestigation of several pathol |
conditions associated with the disturbance of the orderly processes m
volved in mamtenance and/or growth processes "The basic prmeiples
volved are pnmanly the varying degrees of anemia or hyperemia and of
capillary permeability changes in response to quantitative release of mast
cell products

Mast cells have been shown to be a significant, 1f not a major, source of
histamne % 135 -97 368 81 8 4 836 1085 They have an estimated content of
7 to 32 pg of histamine per cell in man®®® and according to some mvestiga
tors, have reached 950 pg of histamme to 1 g of tissue 1n a large solitary
lesion 1 a human case of urticarta pigmentosa 1985 The all time record
for these mvestigators was 1290 pg of histamine to 1 g of tissue from &
mastocytoma of a dog Several tissues that are high 1n histamine content
also have a lgh number of mast cells 66 7 1 851 856 857 hpwevyer, hista
mine 15 not present in embryos until the appearance of mast eells which
oceurs near parturition 1985 The histammme content of mast cell tumors
varted from low values to 1290 xg/g 1n a particular mastocy toma %

Mast cell granules have been credited with being an 1mportant source of
heparm 59 8 1 854 1055 10% Thig seigned function does not obviate the
fact that histamine ® 297 368 374 437 865 767 851 855 1085 other substances,
possibly including serotomn,® and a so called spreading agent®%® may also
be present in the cytoplasm between and/or withm the granules of mast
cells® 97 These substances 1n addttion to histamime and heparin may be
important for the correct interpretation of the functions of mast cells

Mast cells however are not the only source of endogenous stamine,
for 1t has been shown that histamine 13 present 1n leuhocytes, especially i
the buffy coat of centrifuged blood 10 blood platelets of eertamn species,
and, to a certamn extent, mn all mammalian tissues and bedy fluds Intra
cellular histamine 15 1n & bound or mactive storage form 13 201 418 000 1095

Histamine probably has multiple, mdirect physiol 1 effects but 1ts
best known direct effeet 1s the production of va<odilation accompamed by
increased capiflary permeabihty Halpern®® belicves that cspecially 1
inflammatory processes, histamine as well as free metabolites, wnhibib the
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of the blood supply o the ear of a dog or to the supenor hmb of either
dog or man Sumiarly, using gasine seeretion, bronchiolar tone and ar

tenal blood pressure as wdicators they were unable to detect an increase
i histamune following brief orelusion of the postrenal abdorusal aorta
by clamps 1 eats and gunea pigs The aceuracy of any tests for plasma
hastapune content 18 apen to question sinee i has been posnted out thak
blood tests for experimentally produced local hastamune are usually negn

trve, because the released histamne rapadly diffuses out of the blood and/er
15 destroyed by enzymes 7

SPECIES DIFFERENCES

There are speces differences 1n the histamne content of blood Tarras
Wahlberg reported that the blood histamine content of the rabbit 15 2000
tumes that of the cat 2 The whole blood ustamise content ag shown by
several i estigators 3s probably higher mn the rabbit (1 to 5 xg/ml) than
1n any of the more commonly u od mammals It 15 lonest i dogs and cats
{0to 004 ng/m)) The blood of man {an omnivore} has a histamme con
tent (D02 to 008 pg/mlt * 1 to 2 ug free Wetnmme/liter of plasma)? ®
mtermediate betneen that of rabbits (herbnores) &ud that of eats and
dogs {carnnoresy ¥ However blood hustarmne content cannet be dek
mtely relateit to diet for blood of the phylogenctically gueer, daily ascor
bie and requirng guines pig has a hstamme content (006 to 08 pp/
wml} ™ more nearlv comparable to that of man than with that of the
rabbt As far as we hnow a sertous atterapt has not been made to explam
why ar how these spectes differences 1 blood histamne content oecur It
would be 1nteresting to know whether certan mammals such as eats and
man have less production or greater destruction of histidme whieh 15
generally believed ta be the source of al! histanune 451 397 800 993 5 haye
& greater destruction of histamine than rabbits during a 24 hour persed
It 18 quite possible that rabbuts are more economical than eats and man
1 the rate of productson and release of listamine becanse the bleod phate
lets of rabluts are rsch 1n stored histamine ® Rabbits appear to have
fewer and smaller mast cells than hamsters rats or mice bat it 1s not
known hon the mact cell population 1 general compares m rabbits eats
and dogs

The amount of lustamime that ormally oceurs i the blood plasma 1
related ta that found m the arous regions and structures of the body —to
its endogenous and exogenous seurces release and degradation Thus hie
tanyne 1s found under normal conditions n the bile gastric fird naeal
seeretigns sputum (ueually not n salna) and unire but 1f has not been
reported to oceur m pancreatic jusce 3 3¢ The blood plasma content
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particles of the same <ize,” as indicated by centrifugation Other 1nnestt
gators support this view by stating that the histamne withm the mito
chondrion Iike particles 1s probably m a diffusible form 37 ¢ 7

Histamine 1s an essential, widely distributed and phystologieally very
active substance ¢ 76 418 1084 The Jocal and/or systemic releace of 1t must
be adequately controlled, as 1s shown by allergic reactions which are
generally believed to be related to the exploive hiberation of histammme
caused by the entrance of the sensitizing substance mnto the tis ues' 1%

The distribution of histamine varzes widely m adults of different <pe
e1es°! and 1n different organs 1n a single species Feldberg?® shows that
the average histamine content of the liver varies from only traces 1n the
gumea pig to less than 1 xg/g 1n rats, whereas extremes of 8 to 110 xg/g
have been found 1n dogs and horses and al<o very high values in rabbits
Benditt and collaborators® conclude that the histamine content of the
arcolar, ¢ subcutancous’ tissue from the back and from the shin on the
dorsum of the feet “1s related to 1ts mast cell concentration 1n the rat
Riley® © found that four mast cell tumors contamed a great amount of
histamme and concludes that * there thus appears to be some grounds for
the belief that not only do tissue mast cells contamn heparin they arc al o
rich m histammme’ His and West’s® 7 more recent work confirms this
point Study of regions of dog shin and lung show that regions rich
histamine are also rich 1n mast cells 308

It has been conclusively establiched that histamine 1s readily produced
by decarboxylation of histidineS¢ 407 41 418 993 3048 1084 aymylarly by
bacterta n the intestiness 93 and by a cyamde sensitive enzyme which
has been 1solated from the hver and kidneys of guinea pigs rabbits and
rats 16 Schay er®® beheves that  all the histamine bound 1n the orgam m
anses from hstidine ’

Plasma Histamine

A small amount of free histamine aceurs in blood plasma, but most of
1t 18 stored 1n an 1nactis e or bound form presumably with « protein, within
the cells and when released enters the tissues and etreulating flinds where
1t becomes biologieally active by bemng bound agamn on ‘specifically
histamine sensitive” effector cells ¢ Various mvestigators have reported
that venous blood contamns an mereased amount of hstamine during the
period of hyperema following a temporary (up to 20 minutes) occluston
of the flow of blood to a Iimb or to resting sheletal mu cles 1n dogs and
men % Conversely, Emmehn and co workers?* using Code s modifiea
t1on of the Barsoum Gaddum method were unable to detect any nerease
1n venous blood histamine followng brief (10 to 20 minutes) obstruction
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from metabohsm 1s conjugated but about 30 per cent of that dernived from
oral admumistration 1 comugated

Storage of Histamune

There 1 considerable dnversity of opimon concerning where and how
hustanmne 18 synthesized, inactsyated and stored The mork of Blaschho 5
Selnld™t and others ndheates that most of the cellular content of Wsta
mine, as well as other blogenic amines 18 stored by berng bound to mntra
cellular eytoplasmic granules {mast granules large granules snd muto
chondria)

Schay ez apparently believes that i rat shan, ustammne 1s stored s
hastamine * 1n hittle inding mtes arcutucles whyel  wsll Just hold one mole
cule of histidine instead of bemng retamed m a hypothetical bag  The
cubscle 15 permeable to the molecule of histidine which after entermg 13
decarboxylated and the stammne retamed m that same site  Melntire
{1956}, beheves that preformed histarmne ‘held by very labie bonds 18
stored 1n abundance m the tissues %4

MMost of the lustamine in the bloed, appavently 1 bound to the whte
cells’™ and platelets 8 A number of myestigators'™ found comparatively
Irttle histamine 10 the erythroey tes and plasma They also found that 70
to 100 per cent of the total blood hstamine occurred m the leukoeytes
{the white buffy coat of centnfuged blood) of bullochs dogs goats harees
and men As g result of work done with several types of histamine hber
ators 1993 yslues somewhat different from those cited by Codel™ are de
duced Code points out that dunng the clotting of blood the histamine 1s
foreed out of the white cells into the serum He also states that Iy mpho
cytes lymph nodules, monocytes and platelets contam hitle or no hista
mne 17 hut this statement 1s probably in error as regards platelets becau<e
of the techmique he vsed 1945 Dale (1955) appears to agree with Ungar s!%43
eritieism of Code & tenet as apphied to the rabbat for he states that rabbit
platelets contasn a whale of & lot of listermine  Those of the horee contan
5o hstamne at all 2

Halpern®® hay a dafferent h He thath 18 stored
10 the hning orgamsm 1n three forms (1) combined histamine which can
be freed only by destruetion of the cell (2) labile histamune which 18 freed
by action of h Isberators physteal e 1 and other
generally aceepted means and (3) free histamine the small quantity which
way be found mn free form and 1s constantly effective It requires several
houzs qr possibly several doys for the combined form to become the

fabile form whereas the labsle form ean transform into the free
form 1 a matter of mnutes 3
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may be rapidly and excessively ncreased by admimistration of substances
or under other conditions which suddenly release large amounts of stored
histamine 3 ®

HISTAMINE IN THE URINE

The amounts of free and conjugated histamme 1n the urine are farly
reliable indicators of its source3¥ Thus, the amount and condition
(whether free or bound) of urine istamine should help to explam <ome
of the quantitative vanations observed m plasma histamine Gaddum®?
shows that conjugated histamine and a  small amount of free hictamine’
appeared m the unine following the oral admmstration of histamne to
dogs However, only free histamimne appeared mn the urine of dogs that
recerved 1njections of histamine parenterally He points out that meat
which contams histammne, produces high concentrations of conjugated
histamine m the urine when fed to carmvores, specifically lions and tigers
The urine of elephants and horses, however contamed only ¢ small amounts
of free histamme and none 1n the conjugated form ” In this connection 1t
would be interesting to know what percentage of the blood histamine was
conjugated, or what percentage was free and if the ratio of conjugated,
or of free histamine to the plasma histamine level differs significantly 1
the cat and rabbit

Anrep and co workers (1944) contribute to the answer to this question
by ctating that the concentration of free histamine 1n the urine of rabbits
18 less than 100 pg/l and the total of b Tuding both
free and conjugated, 15 varable in the cat dog man and rat, the con
Jugated histamine 1n the urine of the chectah leopard, lion and tiger was
greater than 3000 zg/13 ® Wilson (1954) confirms previous reports that
the rat excretes about 05 ug/g of body weight during a 24 hour pertod,
which 15 about 125 pg per day 1n the urine of an adult 250 g rat 3° Most
of the histamine 1n the rat urine was free since these nvestigators and
others report that only about 13 per cent was conjugated 3*°

It appears that withm a certain range of dosage the major part (by far)
of histamine that 1s admmstered parenterally to rats 1s destroy ed or ehm
1nated by routes other than the urmary Walson (1954) njected histamine
by different routes into rats and estimated that about 14 per cent of the
amount 1njected appeared in the urine 2° He al<o reported that mjected
histamine 1ncreased the amount of free but did not affect the amount of
conyugated histamimne i the urine of rats When the histamine was ad
ministered by mouth 1t greatly increa ed (more than doubled) the amount
of conjugated, but only shehtly inerea ed the amount of free histamime
1n the urne of the rats 3 Very hitle of the urie histamne that results




IHSTAMINE 129

2 form of bond between them of an tonie and/or secondary valenee char
agter

“The mterretrbions of & maeromoleculyr amonte substance, sueh as hep
anm, with listamine which 1s eatiome e rmvolve 5 combmation of fac
tars weluding the electrostatic atiractions of <alf sone hydrogen bonding
forees hydration, and poss:bly Vander Waals forees The dicruphion of any
one or more of these factors or forees may facilitate the release of histamune
“The great diveraity of influences elierted by the many different substances
and trentments that can effect the release of histamine rule out even o re
mote possbihty of therr exerting such a common effect as wauld be neces
sary to promote & possible enzymatic relevse of this cornpound The release
of histamine by enzy me achion has never been confirmed expersmentaltly

The mvestigations and viens of Melntire % Riley 8% AacIntosh,t 7

and themr respeetts e co workers <trongly suppart the < sews I have expressed
above

Release of Hustamine

"The release of mast cell granules by expertmental means 1s accomprured
by the release of lustamine It bas repeatedly been shown that ngectron af
fustaamine hiberators, such as compound 48/BO 71 7 & ¢ 4 7 ghilham
dme? 835858 33 gnd gvomucin®  burst or explode the mast cells
of rats ant1 hamster seram caused the granules of the mast cells of ham
sters ta rupture and scatter the granules thraughout the tisane 7€

WIETAMINE LIBERATORS

The mode of actton of histamine releasers is obviously not clearly un
derstaod and to make the problem mere complicated histemsne 1s present
1 more than one form snd s more then one type of cell or situation and
™ 19 released by almost any mury or damage o tissues ™ ¥ noluding
the effeets of x rays witraviolet or actimic solar rays electne current
frastbite and burns #1% Paton (1955} states that Delansla (1945) found
that wittan a few (15 1o 30 or more) minutes after myunng race by burn
g the total body lustamne was doubled *° Gaddum™® suggests that
this experiment the surpnising wnount of hberated histamne was appar
ently formed i the skin of mice It 1s also believed that certam subssnces
are eapable of hberating Mstamme from one cell bub not from another
Thus as Perry (1956) pomnts out tompound 48/80 explosively liher
ates by tamne from mast cells but 1s quite sneapable of freemg histanune
from blood platelets ' Ta bhsh a sembl of order s this chaotie
sttuation Paton™ groups all the vanous substances and agents that are
capable of releasing lustamine mio seven classes one of which ke desig
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Another mportant thing to take mto consideration 1 conneetion with
histamine storage, as pointed out by Perry,™ 1s that some of the his
tamine liberators are eapable or releasing histamine from certamn cells
but not from others Thus, compound 48/80 15 held to be “fairly specific’
for mast cells,® but probably 1ncapable of freeing nstamine from other
cells such as the blood platelet®® 1% which, by usc of the antigen antibody
complex or other liberators, has defimitely been shown to contain hista
mine %3 Riley and 1 est 857 support this idea by considering the mast cell
as “the target for compound 48/80 ' They point out that “the mast cells
and the lustamine disappear together * following the administration of com
pound 48/80

The binding and mactrvation of histamine serves to control one of the
most phy stol Iy active substances produced in the body 45 416 417 1084
Histamine may cause a variety of changes m the tissuest®? 41 1048 and
structures However, the production of hyperemia as a result of capil
lary dilation and consequently, the greatly increased capillary permea
bility,%0 00 417 390 33t 418 0 gpd the subsequent escape of protemn rich
plasma®® are most significant from the point of view <et forth mn this work

There are several 1deas on the mechamsm of histamine binding, but the
experimental results are not conclusive Histamine 1s beheved to be con
trolled by bemg bound to basie protein 497 418 Rocha ¢ Silva (1946) be
lieves that 1t 1s bound by peptide linkage to a carboxyl group,” probably
1n lysine or arginine,? ° or to certain amino acids 1 the cell 97 Lectthmn® °
18 also believed to bind histamine 1n an mactive or imeffective form 45 1%
390 391 407 416 6 0 86 The work of several investigators mdicates that en
zymic action, such as that required to break. protein linkage 13 far too slow
to account for the often observed sudden to explostve releace of hista
mine 3 ¥ Another mechanism considered 15 by 1on exchange ™% by 1ome
binding 1 cells®®® or by segregation 1n mitochondria or mitochondria like
particles #20 so that the histamine may be releaced as needed

Clopton'™ summarizes the general problem of listamine storage from 3
chemical pomnt of vien  Current recogmtion of the fact that mast cell
granules represent the prineipal source of heparin and histamine has led
to much speculation regarding the chemieal and physical relationships of
the ¢ two phystologically active substances Of the various theories pro
posed, experimental data strongly support thowe based on the presumption
that histamme 15 held 1 loosely bound form as the salt of an acidie sub
stance such as a protein or a large molecule of the heparim type Histamime
of mast cells can be relea ed wathout the mediation of an enzyme and 15 not

held by a peptide bond
¢ Th}e correlation of mstamine and hepann content of mast cells suggests
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ator or an anaphylatoxin "3 Fawcett °7 found that the injection of com
pound 48/80 caused the mast cells to release their granules and large
amounts of listarune Although he contends that mast cells are unusually
rich 1n histamine, 1t 15 not clear whether the histamine, or histamne pre
cursor (histidine), 15 mm the cytoplasm or within the granules

Mota and co workers™! suggest that although mast cells are very sus
ceptible to 48/80, this compound 1s unable to release lustamne from some
tissues “due to the fact that 1 these the histamine 15 not of mast cell
orgin ” They believe that the mability of compound 48/80 to release
histamine from cells other than mast cells may explain the conclusions of
other gators using this pound, that certam tissues such as those
1 the wall of the gastromtestine do not contamn histamine This view 13
strengthened by West s19%5 statement that s and Riley 8 studies leave
no doubt that mast cells are exceptionally rich in histamme and that i
many nstances the total histamine content of an organ can be accounted
for m this way " However, they do not claim that mast cells hold all the
histamine 1 the body or that “the production of histamne and heparn
are the only functions of mast cells ”

It has been explamned that the first 1njection of compound 48/80 pro
duces intense shock and that the tolerance of rats to repeated inecreased
dosage 13 because the first dose practieally destroys the mast cell popula
t10n <o that little or no histamine 1s available for hiberation by succeeding
doses of the lustaxmne iberator Riley and West®s? conclude from a series
of experiments that histamme 1s stored 1n the mast cells and therefore
that the histamine reserve 1s depleted when the mast cells are ruptured,
and consequently additional ad 1on of mcreased of the
lhistarnine hberator 1s neflective, as indicated by 15 mabidity to cause
otber setzures of histamine shock

The mesentery of rats that received chronic mntraperitonal mjections of
compound 48/80 showed hyperplasta of the mulk spots and adsentitial
tiseue although all of the mast cells had been destroyed or reduced to
“ghost cells and none had reappeared 7 Mast cells rapidly recover from
the depl effects of the h liberator 48/80 Witk 4 days after

of the appl of this pound the mast cell pattern m the

skin of the ear and even more so 1n the subeutaneous connective tissue
Was nearly restored 557 It has also been shown that with the return of the
mast cells there 13 a reappearance of histamine n assayable quantities 857

It has been shown that ant1 test ammal sera will cause mast cells to re
lease their granules Thus rabbit antt hamster erum imjected mto ham
sters caused the mast cells to rupture completely and seatter the ‘granules
throughout, the tissue’ 07 A number of foods known to produce allergic
reactions 1n man have been .hown to be active histamine hberators
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nates as “the histamine liberators” and to which he assigns compound
48/80 and the dibasic and poly basic histamine releasing compounds Paton
states that this group of “listamine liberators’ probably frees basic his
tamme which ‘s associated with some complex tisswe acid,” presumably
ribonuclerc acid (RNA), by 1on exchange Ungari® thinks 1t hkely, es
pecially i inflammation, that mstamine Liberators act to form a proteo
lysin by converting a precursor, probably profibrinolysin, to fibrmolysm
which then attachs “certam protemns to which the mediators are bound
Some of the known histamine liberators appear to be imited m effectrve
ness to certam cells Others appear to have a more or less general action
on two or more, possibly all, cells Perry (1956) calls attention to the fact
that the antigen antibody complex will release histamme from platelets
and probably other cells whereas compound 48/80 1s not known to release
\\hlstamme from any cells other than mast cells 7 1 1% Another mteresting
point, brought out by McIntire (1956), 1s that the antigen antibodv re
action has a “very significant latency” between 1t application and the onset
of mstamine release whereas compound 48/80 and chemieal liberators
generally have an explosive effect 2* Histamine liberators may also b
erate heparin 27 195 g5 has been shown to be especially the case mn mast
cells? 854 8 7 1085 However, some of the smaller supposedly younger or
Type I cells of Riley,? ! especially those in the lymphoid milk spots m the
omentum and 1n the intestine, were not ruptured by compound 48/80 ***
In this connection 1t 15 interesting to note that 1 rats killed by rapid (5
seconds) ntravenous mjection of a fluorescent histamine liberator (stil
bamidine) Riley®s! found that mast cells appeared 1n the omentum chiefly
n the mulk spots 1n <ome of which practicallv every mast cell had con
centrated stilbamidine as shown by distinet fluorescence, others often m
an adjacent milk spot, may have shown little or no fluorescence He states
that the fluorescent mast cells were mature (Type II) cells and suggests
that the non fluorescing mast cells in the milk spots were the Type I, or
even younger, mast cells #4 Riley and West®7 suggest that mast cells
which lie m the permeurium of peripheral nerves and those n the sub
cutaneous connective tissue and 1n the ears are the most resistant to a
subacute, repeatedly incremented dosage 1n rats, of intraperstoneally 1n
jected compound 48/80 Lakewise West!0® reports that intraperitoneal
mjection of ammoma mnto normal rats greatly reduced the number of
mast cells 1n the mesentery, but did not affect those 1n the “subeutaneous
tissue ’ Other mvestigators”  found that compound 48/80 ruptured mast
cells as readily wn vitro 8s m vivo In addition to these effects compound
48/80 also altered the permeability of ¢ell membranes and the particle
cy taplasm interface” of the granule surfaces of the mast granules so that
Instamne diffused out as a result of the ‘ basic chemueal histamne liber
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forms of heparn and histamme are contamed at the came time 1n the
Toash cellt © 665 1 763 784 &5t 8.3 8 8 8 7 867 860 105 However Macln
to h® cautions that it has nat yet been estabhshed that both hepann and
hastamne are contained 10 a aisgle mast eell granule Exen if both heparm
and histamine do occur m the <ame mast cell gravule the two vanously
antagomstic substances may oceupy different regions 1n the granule and
thus be separated spatially The concomitant storage of the e tuo sub
stances 1 mast cells would theoretieally afford a means of local control
of histamme,’%® since hepann 1 known 1o be unable to prevent the release
of histarmne 1 blood cells*'® and that the e two <ubstances are antag-
onistie 10 other ways 7 Al 0 1t has been shown that hepann mhnbited the
effect of histazmme on the centraction of smooth mu cle and that hista
mine hibited the anticongulant activity of heparm ¢ ¥ MacIntosh? 7 cau
trons that m the heparin In tamune hahage the bond svould probably be
<0 weah that the hepann would be wcapable of bindmg the histamme
withm the mast cell but he admts that of certaw conditions were to ob
tamn this would be s po abelity

1 both In tamine and hepann were weluded 1m a mast eell bermonal
control espeesally adrenal® should be highly efficient Furthermore hep
arm may tehabit the relea e of histamume m blood celfa® and lictamime
may oppe ¢ hepann m stimulating eoagulation and m contraction of 10
lated intestme of guines pigs®  Since both nstamme and hepann 1n 1
active form and other ANMP oceur m the mast cell thas cell 1s one of the
most Inghly reactsve physiological cell units m the body

Further evidence of the occurrence of both hepann and hn tamme
mast cells 15 afforded Ly the fact that histamine Diberators free hepann
23 well as lustamne 8 # 1% and that most mdependent mestigations of
the omgm of each of these two substances <how that the mast cell 18 a nch
source of both heparm and hstanmne® + 1% Veesti® {fig 1) powts out
that the hver eapsule (Gliswon § eapsule) of the ox winch 1z awd to have
about the greate t number of mast cells of any tructure 9 1996 4] g has
2 lagh content of histamune®™ a3 well 2 an extremely lugh content of
heparin % 198 Several mvestigators have correlated the b tamine con
tent with the mast cell population of tissues ©3 249 831 334 103 (thers have
hlens e correlated the hepann content with the ma t cell content in the
same or i different tic nes 9° 199 Apfinsen? points out that adnunietra
tion of anaphylactogenic agents 18 behieved to release both hepann and
hitamine from mast eells 1a dogs

SEROTONTY COMPARED WITH RISTAMINE

The di cotertes that serotamn oceurs within and 15 synthesized by
mast cells® 3 ¢ %4 that mact cells ol 0 contun histamme ® 71 &5 s
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Paton and Schachter (1951) showed that histamine liberated from the
skin by compound 48/80 may provoke redness, rtching and edema in the
form of giant wheals (angioedema or urticaria) n the dog, eat and rat
which resemble this condition 1n man %% Various investigators have shown
that eggwhite contains a substance which actively releases histamne m
the cat, and another substance which 1s equally ecffective m the rat®®
Straw berries, eggwhite and shellfish are ome of the more common foods
which are notonious for their ability to cause giant wheals and the attend
ant syndrome 1n ptible people Schachter®?® points out that, although
the mode of action 1s not known, there 15 evidence both for and agamst
the involvement of the antigen antibody reaction

Another aspect to consider mn evaluating the relation of histamne to
mast cells 1s the ability of poly<acchandes to activate histamme Rocha ¢
51l a®¢7 states that polysaccharides such as agar méulin and starch, ac
tivate the histamine releaser 1n blood Thus 1t may be surmused that dis

ruption of mast cells may release a form of mucopoly<acchande (MPS)
which 1n turn activates histamine 1o varrous cells <o that 1t 1s free m the
body fluids and thereby accounts for some, 1f not the major portion, of the
mcrease m histamine

Investigations have been conducted with various histamine ltberators
which apparently result in yanations 1n the ratio of the amount of water
to the amount of protem leakage due to capillary dilation Thus Halpern®™
reports that intravenous administration of poly viny Ipy rrolidone into dogs
produced capillary dilation with an nerease m protein leakage of 5 or 6
times normal but leakage of water was only doubled This may be roughly
correlated with the observation that certain histmbine rcleasing substan
ces, such as mtravenously mjected dextran produced vasodilation, pros
tration and edema mn rats 3 So far nvestigators of histamime effeet have
paid comparatively Iittle attention to the ratio of protein to water mn cx
travasated plasma

LIBERATION OF BOTH HISTAMINE AND HEPARIN

The occurrence of both histamne and hepann m a single cell my
be of primary sigmficance i re olving the controversy over the compost
tion and functton of mast cells It 1s claimed that mast cells store and
probably synthesize listamne or its components and serotonmn, as well
as hepann hyaluronic acid (HA) and other acid mucopoly saccharide
(AVMP) Thus the results of those studies 1n which 1t 1s stated that mast
cell granules release histamine may be quite correet without militating
against the abundance of histochemical evidence showing that mast cells

sze and store AMP
N ;ﬂv‘:f)srmdcmblc mass of evidence 1s available to indicate that mactive
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serotomn from that of histamine simce some of these methods, especially
those employing uierus or mtestise commonty have been used fo detect
the presence of histamine 78 00 695 966 Eyen {houph serotonn yegularly
has pronouneed sparmegense sehon on certam prepared 1solated cmooth
mascle structures, e ¢ cegraents of earohid artery,” 117 yierus of guinea
D3, mice qr rats 309 381 837 107 ptestine of guines pigs 87 93 the colen
of rats® and heart. of Venous mercenaria™® 1935 thys reaction of emooth and
cardize musele 13 far from being specific for scrotonin For example
acetylcholme 1 5 wmiilion, listamme 1 3 million or barum chlonde
1 500000, 1 Loche Ringer solution s each spasmogemc for reolated
gunex pig uterus or ileum *3*

The uterus of mce sensitized with egg albumin contracts w vitro when
eggwhite 1s added 3% However 1t 19 behieted that 1eolated «tnps of normal
or <ensthrzed uterus ys 1000 times more <encitive fo serotomn than it s to
hastamine 30 34 Tn this connection 1t 18 interesting to note that mjection
of muce with Hesmophilus pertusais cells produced mereaced senuitinity to
both serofonin and histamne3t ¥ 78

Erspamer {1953) ds using the atr d uterus of sprayed
rats after the admunistration of <trongh physiologient doses of estrogenie
hormones afiords test material which 1 1very sensiinve to cerotomn {in
dilutions up to 1 200 milhon) and 1s neglipbly  ensitive to usiammne ™0
Thus wethed appears to offer 2 seliable means for diffesentiating the spas
mogente action of serotomn from that af hstamme However as hss been
pomted out for other techmques 749 the passibility evists that the effects
of related substances such as certamn 1 tmay be mdr habl
{rom the effects of serotonn

Another interesting pownt that pertains to the speaifiesty of the effects
of serotomn 18 that although al} antimstamines apparently are not eapa
ble of blocking the effects of on <mooth musele di
phenhyd and tripel do prevent the mduction of spasm m
preparations of 1solated gumes pig sleum by acety Ichohine and histamine
as well as by cerotonn #3 However attention <hould be directed to the
finding that the ad ratton of th drugs faned to inhsbat
anaphy laxas of 1 alated vienne «inps or 1 the miach mouse *°

Several factors probably affect the results obtawed by wemg «mooth
musele but the physiologmeal elate of the t1 <ue bemng u.ed 13 probably
the one most often overlocked Erspamer-* states that the uterus of rats
m estrus apparently 35 the best test abject for the presence or assay of

*erofontn others™ advocate pretrestment of rats with estrogens to 1nsure
uterine recponse Various mve tigators®® have hown that the <ensitrs
1ty of the uterus of the rat ta erotonin 1s hugh during estrus and in preg
nancy but dimnishes dunog diestrus immediately following parturttion
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837 2085 and that serotonin s not formed from 5 hydroxy tryptophan by
platelets, but 15 probably transferred to the platelet during 1ts formatne
per1od,'®? whence 1t may be released® 7 & ¢ along with histamine s 8¢ 1066
further complieate the problem of differentiating serotonin and 1ts actn
1aes, from histamine and 1ts actiyities "00s Species differences 1n response
of a structure to serotonmn may be taken as an indrcation that results of
biological assay of the structure m question may have only relative value
For mstance, 1t has been shown that strips of the carotid artery of cattle
are very sensitive to serotonin, but similar strips of this artery from swine
and dogs are so nearly insensitive to hts hormone as to render the poreine
and canme matenal undesirable for biological tests 7! Small amounts
of serotonin or of histamine increased the coronary flow when 1njected into
the coronary artery of the dog, whereas an extract of the neural hy pophysis
reduced 1t %02

So far, 1t appears that the two amines are much more reliably differen
tiated chemically and physically than by their pharmacologieal activ
tties which appear to differ chiefly 1 potency 1f smooth muscle s used
for the assay 28 Although serotomn (5 hydroxytryptamine) and hista
mme (5 mmdazoleethylamine)®* are both amines and are both produced
1 nature by decarboxylation 114 330 890 900 1040 54 glthough they are
recogmzed as different chemical entities and are usually accorded opposite
pharmacological effects the possibility of mistaking the effects of one for
the other exists

Tests for Serotomn

Certain mvestigators have employed the following methods to test for
serotonin (1) fluorescence,** 933 1040 (2) g specific chemical method %%
(3) electrophorests 1935 1037 (4) blood pressure 07 1115 (5) motor activity
of the bladder,”® 9 31 (6) gastric juice production and/or bronchiolar
tone,”88 3 1 483 907 (7) pietitating membrane of the cat, 7 (8) hidney of
the cat s %37 and (9) perfused 1solated rabbit ear preparationst® 7 830
and other procedures However, the most commonly used method 15 &
form of biological assay of extracts that employs smooth muscle such as
rabbit’s 1leum,® but usually the guwinea pig’s ileum, 88 3 8 312 482 831
2040 1215 colon strips of the rat,® the uterus of rat or guines pig %2 © 87
866 1115 1118 o g museular artery ™ 16 &7 837 118 1116 1118 The 1solated
heart of a manne clam (Venus mercenara) 13 recommended as bemg
very sensiti e to serotonn’®® and has been successfully used by others **
831 108 The tracheae of cats and the auricles of rabbits have also been
used %!

The biological methods employed by some nvestigators for the 1dent1
fication of serotonin apparently fail to differentiate sharply the actron of
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enzvme which 1s amalar to 3f pot wdentical with moneamine ovdase and
1t eataly ze< the metabolisn of serotonn *%# W hen serotonin was aerols
cally 1neubated with homogenates of either Lidney or huer, about 30 per
cent of the metabohized horrone wag recavered as 5 hy dro tadoleacetic
aoid the other 70 per cent was umdentifiable a< «m knonn compound 03
Sumilar results were obtained wn 1o 1 which 20 to 30 per cent of the
<protomn administered to dogs was recovered from the unne as 5 hydroxy~
1ndoleacebic acid in addition to several indoles which were not identified 2o
Since both ccrotonin and histamiue are excreted chiefly by the hidneys
the urine content bears a fairly definite relation to the mtahe of these
amimes This relation 5s mueh more aigmficant for b tamwe than for
erotomin sinee both free gnd parenteralls admint tered <crotonin are
rapdly mactinated through oudatne deamation by monoamme oxt
dase Very hittle of the parenterally admum tered histamme 1s degradated
The result 18 that the smount of {ree urnary bu tamise bears a relation
te the amount of free hstamine admim tered ¥3° Likewise the amount of
comjugated Mictamine 1 the urine 1» related to the amount that was me
tabohized 3% However a conuderable error may be introduced nto thi
evaluation by certain hypertensine renal 1a cular conditions e pectally
with regard to the relatzon of the smount of <erotomn metabolite to the
wmtahe It has been obsered that chrome glomerular nephntis or advaneed
rensl disease of malignant hy pertension reduced the output of unnary §
hydrovymdoleacetic sexd m man
Ancther probable source of error hes i the fact that there 15 & con
iderable amount of evidence indieating that the svnthesss of both sero
tonsn and hictamime 13 mbsted by a deficrency of pyndoxme (pyndonne
phosphate vitamn Bg) Thi effeet 15 not specsfic for esther substance
for py ndoviue appears to play an mportant part 1n decarbo lation of
amuno amds in genersl and for metabol m of epimephrine and norem
;wphrme 1040 35 well a5 for decarboys fation of B hydrocvtry ptophan and
i tidine
Acctone extracts of urine from normal dogs and men contained 01 to
10 pr/ml of seratonin {which 1> comparable to the 01 to 04 ug, ml <erum
content of heparinized dogs) Venous infusion of erotomn raeren ed the
unne content of this sub tance ¥ However the normal dmly output s
astonsshing for 1t has been estimated that nereal dogs exerete about 26
to 30 mg and human subjects about 70 to 10 mg of 5 hy drovy ndoleacetie
aad per day ¥ 7 #9% These nmounts pre umably account for mo ¢ of the
dietary values for datly output mdicates that the turnover of cerotonm
1n ti=sues 1s probably much larger than has been uspected ¥ ¥
The unne of dogs treated with serotomn 31elded 20 to 30 per cent of
the admmmstered do © 1 the form of @ hy droxy indeleaectse aesd  the
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and after ovanectomy , Woolley 1115 states that “the uterus will not re
spond to scrotonin except during estrus ” These ob)ections arc apparently
overcome by Twarog and Page!®® who recommend the use of the 10
lated heart of Venus mercenaria to provide a selective and highly sensitrve
means of assaying serotomn actryity

Immerston of a scction of guinea pig 1leum 1n a strong solutton of tryp
tamine, 5 hydroxytryptamme or substance P causes contraction mn the
piece of intestine, but this contraction ceases m a few mmutes i spite of
the continued presence of a potent amount of the excitant 1n the solution
After the prece of intestine has been desensitized by excess of aither {ryp
tamine or 5 hydroxy try ptamme, 1t 1s m<ensitive to both substances, but
remains sensitive to other stimulating substances ® 8 This reaction 1 1n
terpreted as mdicating that the stimulating effect of tryptammne and 5
hydroxytry ptamine 1s mediated by one type of receptor in the intestine
and that some other substance, such as Instamine, causes contraction of
the 1leum by stimulating other receptors Nevertheless, there apparently
18 no adequate method of broassay by which mtestinal contraction caused
by serotonin can be differentiated from that caused by histamme or cer
tamn other agents

Metabolism of Serotoran

Sjoerdsma and co workers (1955) found that the enzyme monoammne
owdase apparently catalyzes the metabolism of scrotonm 140 Other work
showg that scrotomn 1s rapidly metabolized by moneamme oxidase when
serotonin 1s liberated 1n reasonable amounts!!* or admimstered parenter
lly 1038 1030 1060 That histamine 1s simularly destroyed by the enzyme
histaminase 18 generally ded with few exceptions 3 but whether or
to what extent diamine oxidase and various other factors are mvolved 13
still controversigl 507 809 100 1184 Schayers® recogmzes three hands of
mammalian enzy mes % hich metabolize histamine 1n phy stological amounts
These arc an acetylating enzyme diamine ouidase and histamine me
tabohzing enzyme II ’ which 1s probably a composite of an oxidatrie and
4 methy lating enzyme 5° These enzy mes have vary ing degrees of efficrency
1 different animals 899

Urinary Serotomn and Histamine

Since frec serotomn e as well as end 18 rapudly me
tabolized, 197 1038 1940 by far the major part recovered 1n the urine s mn a
degradated, mnactive <tate usually m the form of 5 hydroxyindoleacetic
qcyd 1038 1039 1940 prmarily as a result of metabolism of the serotonin by

O(ldﬂtlve ﬂenmmntlon 1038 1039 1040
The L dneys and hiver appear to contamn sigmficant quantities of an
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i which they 1 olated substances from normal human unine which they
con<idered methylated dernvatives of serotomn * In addition to traces
of bufotenin (dimethy! scrotomin} occurring m human urine methylation
of «erotonmn has aleo been reported in planis certamn invertebrates and a
tﬁad 1040
1t 15 generally conceded that after the admumstration of histamme
releasing sgents™ or the admmistration of histamine,*® there 15 an m
creaze 0 unnary histamine 3% and 1t has been shown that this unnan
3 4 for at d gunea pig eum S Al the
worhs of Mclntire and co workers (1947 Resenthal and Tabor (1948) and
Ailliean and ascociates {1949} chow that after separation by Melatire
and co worhers method for other unpary substances histamme 1s the
only remawung spastogente substance acting on atropinzed leum of the
gnea pig 3

CONTROL OF HISTAMINE

The contrel of the amount of histarmne hberated at any one time or place
18 of great smportance becanse 1t 3s a vacodilator substance’™? that 15
actven very emall quantities and 13 widely distnibuted in the organt m In
eonuderng methods for the control of histamine the following pomnts
particulatly the onigin and storage of histamine are well worth tahung
wmto consideration Schayer® beheves that all the bwtamme bound mn the
orgamem arices from hastad: and that 15 ot

picked up by the tissues  Inveshigators are not in agreement on the
question of how sntracellular histamine 1s baund or on how sccurely 1t 13
bound MeIntire?®? suggests that all intracetiular histamne 15 held by
8 weak probably iomic type of hinhage which should not require the
action of an enzyme for the release of histanune

Tt 15 generally understood that histamune decarboxylase produces most
Hf no all of the histamine from hustidime ¥92 0 392 Histamine 1s produced
10 the &t sues at the site where histamume 1€ bound % 15 the hadneys
where much of 1t 35 excreted rapdly mto the urine at lesst m rats * and
n the intestne whete it 13 formed by putrefactive bactena 537 61 022 pro
sumably by decarboxylation of hustidine #2

Mast cells are a source of both histamme and hepann Ths 15 tnghly
sigmfieant sinee when freed simultaneously the e <ubstances are somewhat
antagonstte and thus normally tend to counter balanes the effects of each
other partly through the vasodilator propcmes of histamme!®? and vaso
con trigtor properties of hepana 36 E may sho ant the
effects of Bistamine and 1t appears that the antagontshie relations of the
eosmophil to products of the mast cell form an 1mportant contnbubion to
the maintenance of a proper histaming level The nterrelations of em
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urine of those that recerved 5 hydrotymdoleacetic acid yielded un
changed nearly the entire amount that was administered 133 From these
values the authors caleulated that m human subjects about 20 mg of
serotonin were metabolized darly to produce 7 mg of 5 hy droxy mdoleacetic
acid daaly 1038

The urine of large carmvores including hons and tigers, had an un
usually high concentration of conjugated histamme® which had a dietary
orwgin for parenterally admimstered histamine produces an merease m
free histamine but has little effect on the level of conjugated hstamne 1n
the urine 230

Renal Relations

The part played by the kidneys 1n the synthesis and/or metabolism of
serotonin and histamine m different mammals 1s obscure Apparently,
the kidney of most mammals contams very httle or no serotomn, but 1t
has been shown that serotonin appeared m the kidneys of normal rabbits,
where 1t 13 not normally found 1036 1040 after the admimstration of 5 hy
droxytryptophan 193¢ The results of these experiments appear to mdicate
that in the hidney s of the rabbit, serotontn 1s metabolized about as rapidly
as 1t 15 formed Walton (1956) found that the kidney of the house eat
contans an appreciable amount of histaminase but no (at least no de
tectable) histidine decarboxylase the hidney of normal rabbits contains
very little or no histaminase, but has a fairly strong histidine decarbovyl
ase activity®* and contains no measurable amount of serotonin 028 These
findings mdicate that the kidney of rabbits contains no histammne and no
serotonm but that it has the enzyme necessary for synthesizing histamine
The hidney of hogs 1s well equipped to synthesize <erotonin and mactivate
listamne, for 1t contains appreciable quantities of 5 hy droxytry ptophan
decarboxylase!®” and 15 one of the best sources of histammase 3 1940 The
Lidney of hogs not only contains the enzyme necessary for synthesizing
serotonin 1 but contains 1t 1n suffictent. quantity to be a commercial
source of 5 hydroxytryptophan decarbovylase McHenry and Gavin®®
deseribed a method for obtaimng from this source a stable powder high
1n histaminase activity The results should be interesting 1f the data on the
occurrence of the above substances m a wide range of mammahan kidneys
were tabulated However Brodie s statement to the effect that serotonin
1s formed m all tissues of the body following the admnstration of 5
hy droxy tryptophan '** ndicates the abihity of all body tissues, as well as
the lidney, to form serotonin

There 18 evidence that other metabolic products of serotonin oceur 1n
the urine, some of which apparently have the pharmacological properties

of serotonin Jsetty calls attention to the work of Bumpus and Page (1955)
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woght  that has ponerful effects even m the very fow concentrations
{ound 30, or gis en off by, I amg bissues This makes detection and estunation
of listamumne or s releaser by the erdmary methods of chemeal analy us,
difficult and maccurate’™® and nccessitates assaymg by uce of physie
fogreat respenses,” such as a iving rauscle #4¢ Other ty pes of physiologieal
response are obtamed by intrasenous tnjection of trepamine blue followed
by myection of the sample to be tested 75 1f the response 15 very active
the dye wall appear m the shin of the apmal {preferably gumes pig),
wheals are formed from miradermal gectton wud testing blood,*™ urine
or peritoneal flusd following appropnate wyeetions @ Codet® warns that
the potassium content of the extract should be cheched, othernise finat
biologseal tests may wndicate the presence of a misleading histamme con
ient Barrum and Gaddum (1935) recommended that all extracts be bosled
with aad before bewg assayed 1 order to destray hustamune nhibrtang or
binding substance which they demonstrated 1s present i extracls of rabbils
blood 2 * The mdirect methods of assay are subject {0 vanous ervors of
techmgque, the direct methods may result m grave errors as & result of
enzymic and physologrcal ackion on the test substance withm the ammals
bemg ueed

A method based on the application of estabslshed statistieal pro
cedures  of biologieally assaying substances for histatame by the use of
gumes pig utent has been developed by Gasler and Matsuba 3% Tt appears !
to have several sdvantsges over previous methods although b stil) has
room for maprovernend This method of assay has an average Standard
Error or Estimate about == 10 per cent  but  eight different unbnowas
ean be assayed convemently 1o a period of sixty munutes uming two wo
lated 2 sue baths

There nre ot least three ranmmabisn enzymes copable of destroying
tastamine but these enzymes are not equally maportant i ol mammals
Schay er%9 siates that of the three enzymes diamine ovdase (staminase)
is the only mmportant one m rats and hstamune metabolizing enzyme 11
18 the most wportant one i mice dramine oxidase angd histamine metabo
fring enzyme 11 are about equally effective m the gumes mg The first
enzyme that he conmders an acctylating enzyme apparently has only
miner mportanee 83 o destroyer of lustamune but the oceurrence of 5§
three enz2ymes m each of the three spemes of mammals sheuld have some
ngmfieznce

Hustamuase (dumine ovidase ¢ ¥ but 1 dehmted as to synonomy by
others?0? 1134} fgostroys tustamune Like hastamine 1f 18 widespread in na
ture and 15 abundant m certmin normal ammal G sues but may vary
Widely w quantity i the sume mdinidusl ¥ Histamnase is faurly abun

dant and consistently present mn the mtestimal mueoual™ 1 ghere fim
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nephrine and histamtne are probably even more significant, especially m
controlling the systemic balance of histamine, either as conjugated or as
free lustamine, or as free or conjugated histamine coupled with diazotized
P mitroanihine 1008

The control of histamine may be by degradation, by combnation
with some substance (usually protemn) by inhibition of formation as by
mlubition of histidine deearboxylase, or 1vasoconstrietion, or by physical
restraint, as by bemng “kept away from scnsitive tissues by anatomrcal
factors’ * and, possibly, by adsorption or combmation with protems
loosely bound in tissue protems “by peptide linkage to the carboxyl
group ’* ® Antigen antibody reaction 1s omitted since 1t mvolves reaction
agamst the antigen rather than against listamme The liberation of bound,
Iinked or otherwise mactive histamme by histamme liberators has been
discusced 1n some detail i a preceding <ection

The various means by which the formation of histamine from the alpha
amino acid histidine may be prevented, mnclude deficieney n source of
components defective synthesis d tion and tra 1on The
nature site of action and pathological possibilities apparently indicate
that destruction by histidase 15 the most sigmificant known methed of pre
venting the formation of histamne by decarboxy lation of histidine Histt
dase an enzyme which 1s Inghly <pecific for ©. histidine acts be t at pl
8to 9 Itis found only 1n the Iiver!®t! (at least in higher animals)®? and
Iiberates ammonta and alpha formamidinoglutaric acid from 1 histidine®®
by ‘openming the 1madazole ring ” 3® Histidase probably mhibts histamt
nogenests by competing with histidine decarboxylase for the avarable
histidine which normally may be converted mto histamine by decarboxyl
ation

Er hrine ant; st production by inhibiting histidine
decarboxyla<e from converting L histidine to histamine 948 1088 Thus as
corbic acid and dietary flavones since they potentiate epmephrine 1°%% an
tagonize histamimogenesis Ascorbie acid 1s also known to potentrate the
effects of the chaleone forms of natural flavones particularly hesperidin
methyl chalconc 1n reducing expermmentally induced excessive eapitlary
permeatnlity to normalcy %7 Thus the effects on the action of epinephrine
and upon mereased eapillary permeability appear to mdicate that the by
flavonords 3¢ cspecially when potentiated by ascorbic acid are mmportant
inhibitors of both the formation of histamine and of its effects on caml
lartes The 1dea of hn tamine inlnbition by competitive substances which
yesemble histamime 1n structure should be mentioned The ¢ analogues
“suppotedl} prevent histamine from reaching, those cells or enzymes to
ch histamine normally becomes anchored  or they may replace hista
5407 Histamine 15 an amine  of rather low molecular

v hu
mine m other sites
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the d amount, of hist drately destroys “the histamme
which may be produced by intermediary metabolsm *

Although the results of the foregomg cxperiments and climeal ob=era
trons show definute relations between certam hormones and suppression of
certain aliergio reactions, the results are vartable and, for the most part,
mpractical to quantify

Hormone Hustamane Relations

Relatively fen studies have been directed toward the relations of hor
mones to mast eell activitses Honever the results of most of the work in
this field sndicate that certasn endocrines do affeet the mast cell popula
tion m certain structures where the function of mast cell products 1 to
control vasodilation particularly of the termsnpal vaseular bed 132 By
this means, the amount and content of tiesue fluid protemn 13 controlled 1o
localized regrons Further, this terminal vascular function appears o b
effected chiefly by tmereasing or duninishing the amount and/or duration
of histamine released

Hormones appear to haie an mportant role 1 the control of histamme
but, as Feldberg®* ponts out httle 1s hoown about the mfiuence of hor
mones on the histamine content of the vanous tissues If has been suggested
that there 15 a Instamine thyrmd parathyroid adrenal relationship 88
m which one or more of the endocrine glands may play a more sigmficant
part 1 the control of histamine 1 the male than in the {emale rat For ex
ample the h tol may be d through a greater ad
renal antidyne role by the male than by the female hormones % It 13
aleo recogmized by a number of investigators that there 18 a rectprocal re
lation between the adrenal glands and the hisiamine lev el of the blood so
that an excess of one subsiance stunulates the production of the other
untsl the local or general as the case may be histamme epmephrnine bal
ance 15 again established and maintained 3°° ® 1997 The histamme em
nephrine balanes 15 most smportant 1n regulating eapsilary dilation as s
shown 1n the diseussion of eapsllary permeability changes However other
factors that may aid m mamtamng this balance or i drsrupting 1t are
nermally present or may be imtroduced It should be moted ai this time
that although ad e 15 generally dered to be a presor agent n
certamn regons the arterioles and eapillartes are dilated by 3t whereas
very small amounts may even have the effect of lowering the blood pres
sure®  #* The more common regions m which epinephrine simultaneously
acts as a vasodilater while ef ewhere 1t acts as « vasoconstrictor sre the
coronary and mtestinal vessels and those of sheletnl muscle®  Epmeph
nine and the dernatines of epmephnne have markedly benefieral effects
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terms of “units per gram of wet tissue”) 1t has a value of 335 1n the 1n
testinal mucosa of the rabbit, about 3 00 1n the rat and mouse, and 154
1n the guinea pig 177 The ghest histaminase content recorded by Cohen'”
for any somatic tissue of these 4 common ammals 1 21 2 1n the Tung of
the rabbit

Inactivation of histamimase 1s effected by a surprisingly wide array of
essential, natural substances ranging from potassium salts to spermine 4
with L histidime hsted as being the most specific mnhibitor among the
aminoe acids %8 A mdine almost letely mnhibited diamine o1
dase 1n rats™ and 1t 1s & very potent destroyer of the greatly inereased
histaminase of pregnancy However Roberts (1954) found that subeu
taneous injection of a suffi amount of dine to reduce the
extremely high level of pregnancy histammase guamdine to less than 50
per cent, disturbed the normal course of pregnancy with the result that
malformation or death of fetuses or of newborn young occurred m many
of the rats 5 Histaminase 1s al<o mactivated or mhibited by other sub
stances such as hydrocyamec acid hydroxyl amine, pepsin and by as little
as 00001 M semicarbazide %2 Histaminase actnity 1s destroyed by ad
renalectomy or by hypophysectomy 50 It may be restored by the adminis
tration of cortisone or cortical extraets, but not by desoxycorticosterone
acetate (DOCA) 5ot

Histammase 1s activated by PO,%8 and, 1n the presence of gaseous o<y
gen, catalyzes the destruetion of histamine and most 1f not all, of the dt
amines with the formation of hydrogen peroxide #02 1134 Catalase, which
15 present 1n practieally every cell apparently 1s able to destroy moderately
excessive amounts of by drogen peroxide as 1t mnvades the ccll, but the more
massive, free amounts apparently are destroyed by the eosmophils which
contan considerable quantities of peroxidase in the form of cytoplasmic
peroxidase granules® Laidler 7 states that histammnase, in catalyzing
the oxidation of histamine and other diammes that contain two or more
—NH, groups converts the—CH NHo group mto —CHO A considerable
amount of work on the degradation of histamine by acety lation and oxida
tive deammatton has been done 1n the past few years 899 1005 1134

It 1s usually assumed that the extremely high serum histamrase ac
tivity 1n pregnancy®0? 1048 1134 ynd)eates the formation of & correspondingly
high serum level of histamine which apparently has not been demon
strated However this tenet may be questioned <ince the mereased hista
minase 1s produced 1n the placenta®? and unrefined extracts of placentae
act on cadayenne more reacily than on histamme %7 Nevertheless, hapel
ler Adler®T supports the probabihity of the above tenet by hypothesizing
that the reason histamine appears to be absent in normal pregnancy 13 that
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renahin versus adrenalectomy  are 1o a cortan evtent a mtier of folal
dosage and/or duratzon However the udes that b tamume eaused the hy
pereensitii sties 18 pattly conjectural and exeept i certan of the experz
mental procedures 1t was quwte mpos<ible to elimmate all other frctors

Extract of the postenor lobe of the iy pophy «is cerebn appears to hate
an antagonmstic action o the acttvity of histamime 1% wheress by pophy
~aetomy 1s followed by profound depletion of istamunase °* Swnce the
admuimustration of eorficene or cortical extracts to ks pophy sectomized
cats and guinea pigs restored the histamnase lesel to nopmaley #* the
obvious interpretation of the effect of hypophy=ectorny on histaminase 18
the obliteratson of the source of ACTIH caused by the failure of the adrenal
eortex {o produce the neceseary cortical substanees of which cortzsone 15
perhaps the best known This depletion of histarunase may be prevented
or 1ts production restored to normal levels by the admimstration of corts
sone or extracts of the adrenal cortex

Adrenalectomy hhewise was followed by profound depletion of stored
hitaminase %% and pre umably by whibition of further production of
this enzyme Admimstration of cortisone or of corfieal extracts prevented
the depletion of bustaminase and ve tored its production to poral levels
m the amumals baving either the adrenals or pitutary removed ¥ Hal
pern®’ and hahleon ™ behime that adrenalectomy 15 2 furly definite
means of depleting the bt taminase reserve 1 the body Ungar'®! eautions
that processes other than tho e which adrenalectomy may unply are not
defimitely ruled out for the action of adrenalectomy 1s devord of all
speaficsty  ws 1s shomn by the snereased <ensitinaty of adrenaiectomized
rats to o large number of agents 0 Ungar s warning could equally well
be con sdered in connection with the effects of hypophy <cetomy and other
major =urgical procedures

Expermental results show that the thyroid gland definstely mfluences
the production and eourse of allergie reactions for thyrevdectomy pre
vented allergie or snaphylactic reaction 1 experunentil ammals w which
protection was promptly lost after oral or parenteral admymistration of
thyroid eubstance ¢ Nartin and Stchler (1953) found that mhibition
of the thyrad gland by the ad ratton of propyith 1 simddarly
iereased the tastamine tolerance of amimal 52 Conversely when plant
protein was used to allergize gunea pigs the myection of thy rord inereased
the ceverty of the anaphylactic re pon ¢ thyroudectomy ubsequent to
allergization failed to protect these stomals from anaphy letic mamfesta
trons 148 Tt has al o been clamed that hyperthy roidiem m man 15 con
duette to a thma but that by pothy resdism and/or Ey pophy sral insuffi
cienty and certam allergie  sueh as By fover neurotic edema and
urticana are more commonty ascociated with asthma 3943
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on histamine wnd anaphy lactic shock by specifie action upon the mvohed
structures, rather than a systemic effect ® Howeter, 2 sudden release of
excessive amounts of epinephrine 1n response to histamme may cause hy
pertension 1007

The relations of hormones to histamine appear to be almost entirely
through ndirect routes which, under normal conditions, often 2 sume a
cylic balanced pattern Thus, when the balance between hictamme and
epinephrine 1s tipped toward cxecssive amounts of plasma histamune the
preponderance of histamine stimulates the production of mereased ept
nephrme™ v hich 1n turn stimulates the anterior pitwitary gland to mereasc
adrenocorticotropic hormone (ACTH) production 0 thus causing the
adrenal cortex to produce increased cortical hormones 64 # 5 Hydrocortt
sone1s very potent inre establishing the balance® 3 by causing suppression
of the excessive amount, of plasma histammne This explanation 1s supported
by Longs (1951) statement that parenteral admimistration of exther ept
nephrie or hist unine causes the interior hypophvsis to relcase cortco
tropin 4%t Also, excesstv e plasma hrstamine would be expected to stimulate
the production of epinephrine by causing medullary hyperemia

It 15 furly well known that certain hormones have a defimite possibly
direct, effect on the formation or lysis and/or functions of certamn blood
cells, but whether or not these cells actually produce lustamne 1n appre
cinble quintities and finally whether the condition mn the tissue being
considered 1s the result of histammic activity rather than other factors
such as manition, 15 not definitely shown m all cases Apparently <cverdl
of the vanous investigators have assumed that all of the histamine, 1f 1t
was constdered at all was available m the plasma  at least, mast cells 28
& probable source of histamine were often generally 1gnored For the ¢
rea ons 1n this revien we shall impress hy persen«itivity to serve as anmn
dication of the presence of histamine activity 1n relation to hormones

It has been reported that the <ensitnaty of certan mdividuals to &
number of hormones has been proven expermmentally by clminatng the
factors other than the hormone 1n question for example the animal pro
tuns and the diluent or velicle to which the patients or expenimental ant
mals muight be allergic which, when tcsted produced Prauzmtz ku tner
antibodies Thus after applying thesc criteria to published works Urbach
and Gottheb!®'® are reasonably certan that the following endoerines ac
tually have ctused hypersensitive reactions ov erdosage of desoxycortt
costerone acetate (DCA) epmephrinc in uln Iiner panercatie or km
extract and thyroun each cau ed hyper (nartrsity Remoral of the ad
renals, ovaries or pituitary gland enhanccd expermmental anaphylaxie It
appears that the apparently contradictory effects they report such as ad
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farly machiv ated by the androgens androsterons eprandrosterone and
1estosterone, and perbaps less strongly maetiv ated by cortsone acetate
DO, etmsterone snd progesterone He slso reported 1 1950 that tas
tamnnee 15 achy ated by natural estrogens but 18 whitnted by synthette
estrogens Mited natural estrogens Iercas od the production of histamunase
and this achivating effect was not altered by adding equimalar amounts
of DOCA or progesterone {rom pregnant. mare serum to the mxed estro
gens Howeser addition of rhoneme gonadotrepins 0T of stiibestrol neu
{ralized or abolished the eficets of patural estrogens Since hastammase,
or iamine oadase destroy® hustamng 8Dy substance » hich suppresses
hastarminase should faver production of tastamine unless ¥t mmobies other
factors
1t 35 well hnown that young children affiscted with eertun allerpes
cluding asthma have 8 tendency to  outgron * {lns afflzction dunng the
changes waident to puberty 1o ths conneetion Brock (1952) conducted
follow up studies o 351 asthmoatic children and reported spontancous
recovery w117 and o sgmficant 1mproy ernent 1n ab least 187 (about 80
per cent) which was attnbuted to the profound endotrne altorations
dumng puberty 108
Presumably, steriized human feraales react amilatly to castrated male
ansmals ¥4 gince 1t has poen shown that menstruation mway aggravate or
even motte certan allergic respontes However 1t should be noted that
Fichoff (1938) found mn gumed pigs avd yabbits that allergzation ma}
affcet the endoerine glands about ay readily 88 the hormones from these
glands can affect allerguaation 3* Urbach and Clotthieb!®® stress the
patt played by the parasy mpathetic nerves and those drugs wiieh stamu
late these nerves m {aronng allermeation and 1n prelongog eusting al
{erge conditions
The pumber of rwast cells and presumably 1he mstamine content has
been altered expernimentally by mjections of estrogens Ingection of estro
gens into male rats shfted mast cetis from conuective tissue to the para
ard periglandular vegions of the mammary gland and produced a new
Sormation of conneetive hissu® shich was attnbuted to the relation of
taast eells to fibmllogenes® 3 Estrogen admmistralion MAy caUse egreral
changes i secrelion of MPS coraponents in the female reproductive 53§
tern Mason found that pregnancy Jeereases muetfication 1n the vagsal
epithelum®® and 1nhibits its reaction to substances which mduce mereased
muefication of mast celle 1m the uterns durng fhe puerpernium
Mast cells 1 the uterus 8y function wm yelation t effects af estrogens
for 1% hos been found that estrogen acts 258 poly menzing ageat for HA Y
The mnerease n mast cells m the uterus following adrmnstrabion of estro
gens may represent 2 storage form of mighly palymenzed HA whereat
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BLX HORMOVNES

1t has already been pomted out that most of the cffects of hormones on
mast cells are mdirectly mediated so that mn most mstances 1t 1s very
difficult to determne the part actually played by the hormone bemng
studicd Nevertheless, there 1s indubitable evidenec ndieating hormonal
cffects on mast cell populations

Estrogen There are a number of preparations of natural and synthetic
cstrogens which differ somen hat 1n degree of poteney and m effectivencss
when admmistered orally or parenterally Although estrogen s recogmaud
s the hormone controlling estrus in subprimate mammals and menstrua
tion m primates 17 1t 15 also responaible 1n conjunetion with the antersor
hypophysis for the development and/or functional actnty of all strue
tures charactersstic of the normal adult fomale Estrogen 1s cmployed to
mhibit neoplastic grow th mn testosterone mamtaned male structures, such
as the prostate gland Taubephause (1953) points out that orchitis, as a
complication of mumps can be mhbited by the ad -ation of <til
bestrol 10 ¢

Estrogen has o number of complex and dr erse phy s10logical actions!
m addition te produeng estrus or the menstrual eycle This hormone has
2 number of extragemtal actions some of which are mediated by wereased
capillary dilation eg mercased proliferation of the buceal espeerally
the gmgiva), mucous membranes hypercraia of the nasa)l mucosa npd
thickening and pigmentation of the shin°7 and hypertrophy of the
nipples and covering skm 1n guines pigs that were treated for 14 days ™
Others pertamn to metabolism and/or torage of certamn salte water and
mitregen and urmary excretion of eitrie acid 1007

Certamn ammals as well as certamn tissues may react differently to
chromie admimstration of estrogen The shmn of different strams of mice
rencted differently to aduunistered cstrogen with regard to thickne s and
deposition of ground sub ianee which may mcrease the total thickne s of
the skin from 10 to 20 per cent 1n DBA and stram A of C3H mce and 100
per cent or more In Swiss and Harrless strauns 7

Apparently with the exception of certamn metabohe relations the ehcf
capacty which enables estrogen to perform 1ts multiple and sared ac
tions 15 dependent upon its abihity to produce and mamtain hy perem:a 1
the target structures and restrict permeabulity of the conneetne tis<ue
ground <ubstance” 7 until the purpo e has been achuevcd

Eusting states of llergy m man are commonly aggravated or enhanced
by menstruation the menopau ¢ or ov artan dy sfunction whilc any of the ¢
conditions mo t notably menstruation may inttiate illcrgic reactions to
foods or various ~ubstances from which the indivadual 1s allergy free at
other time. 148 Kapeller Adlers al o found that hystaminase was umt

1007
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larly mactrated by the androg droat drosterone and
testosterone and perhaps Jess etrongly mactivated by cortisone acefate,
DCA, ethisterone and progesterone He also reported m 1950 that his
taminace 15 activated by natural estrogens fut s mhbited by synthetie
estrogens Mhxud natural estrogens mereased the production of histamanase
and this achivating effect vas nob altered by sdding equimolar amounts
of DOCA or progesterone from pregnant mare serum to the muxed estro
gens However, addition of chonionic gonadotropins or of stithestrol new
irhzed or abobshed the effects of matural sstrogens »*7 Simee Justamimase,
or dinmine pudace, destroys Ins any sub whieh supp
Tustamease should favor production of lustamme urdess & 1 olves other
{actors

1t 1s well hnown that young children affhieted with certam allergies n
chading asthma have 4 tendency to ‘outgrov  this affhetion dumng the
changes inmdent to puberty In this connection Brock (1952) condueted
foltow up studies on 351 asthmatie children and teported spentaneous
reeorery w117 and a stgmfieant improyement m at least 187 (about 80
per cent) winch was atirbuted to the ‘profound endoerine alterations
during puberty "104e

Presumahly, sternthzed human fesnales react smlarly to castrated male
zmmale "¢ wmnee 3t has been showa that menstrustion may szgravate or
oven meite certatn allergre responses However, 1t should be noted that
Eachoff (1939) found m guinea pigs and rabbits that allergreation may
affect the endocmme glands about as readily 8s the hormones from these
glands can affect allergzation 04 Urbaeh and Gottlieb®® stre s the
paxt played by the parasympathitic nerves and those drugs which stunu
Jate these nerves m favonng allergization and 10 prolengmn, evsting ol
lergie conditions

The rumber of mast cells and presumably the histamine content has
been altered expentmentaily by wnpections of estrogers Injection of esiro
Bens mto male ruts ehfted mast cells from connective tissue to the para
and peryglandular regions of the ¥ gland and p d a new
formation of connective tissue shich was attributed to the relation of
mast eells to fbralh 3 Est 4 ration may cause seversl
changes m seeretron of MPS components 3 the fernale reproductive s3s
tem Mason found that preg) v fication m the vagmnl
epithehum® and wtabits its reaction to substances & luch mduce mereased
wucsfieation of mast eells in the uterus during the puetpenua

Mast cells n the uterus may function m retation 0 effects of estrogens
for 1t fias been found that estrogen scts as a poly menzing agent for HA
The werease 1n mast cells m the uterug following admimstration of estro
2¢n% may represent o storage form of highly polymerszed HA whereas
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the mcrease during the puerperium may al<o represent a condition similar
to that caused by mereased polymerization following estrogen admms

tration The mereased mucin secretion may also represent a higher poly

menzation of HA and 1ts combmation with sulfuric acid

Preparations of natural estrogens when properly admimistered <timu
late the production of histamine m certam structures in female hamsters ¢
if an merease 1 the number of mast cells may be considered as a enteron
of mnereased histamine production It has been shown that estrogens
creased the number of mast cells in the loose interals eolar connective tis
sue mn the mammary glands and 1n the vascular layer of the uterus of
virgm hamsters 42 to 96 days old 4 Although capillary dilation was evt
dent, there was no attempt to corrclate this 1ncrease m mast cells with
the production of histamine In this experiment the hamsters were injected
subpannteularly % 3 to 29 times so that each animal recerved a total of
14 to 29 0 mg aqueous suspension of estrogens (Lakeside) during varying
periods up to 64 days Injections of 05 mg (10,000 IU} of aqueous e tro
gens or of the vehicle for the suspension of the estrogens, at intervals of
more than 48 hours, failed to alter the number of mast eells However, 14
to 60 mg (22 500 to 60 000, TU) of estrogen given at mtervals of 25 hours
or less, sigmficantly mereased the number of mast cells m the vascular
layer of the uter: m the mammary gland, greater omentum and lieno
pancreatic mesentery 5% 3

Repeated, duly administration of e trogens ncreased the number of
mast cells and caused mereased formation of AMP and collagen n the
mammary glands of female hamsters 53 33 The adminwstration of estro
gens to male rats was followed by a shift in the number of mast cells from
the loose connective tissue to an increased number 1 the interlobular re
gions of the mammary glands 3%

Testosterone Whether or not androgemc hormones are capable of
causing an merease 1n histamine or histamnocytes (mast cells) has not
been conclusively shown However <ome of the reported actnities mdi
cate that testosterone may stimulate ma toey togenesis and, m this manner
cau e an mcrease m avatlable hstamine

More than 40 androgenic hormones have been synthesized but all nere
dernved from natural active testosterone or from its excreted form an
drosterone 13 Potent testosterone 13 obtained from the interstitial cells
of Ley dig 1n the te tes of cattle %7 There arc also a number of prepara
tions known by trade names Apparently the term androgen 1s sometimes
used rather loosely to indicate a number of substances having properties
of androgenic hormones The laxaty 1n :dentity of the substance u cd prob
ably stems from the <tatement that with regard to human testicular an
drogen the preeise nature 1s unhnown 1007
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It has been hnown <ince tune immemonal that the testes are primarify
ble for the dev el t of haty asisd trated by early

castration The extragemital setivities of testosterone are 1n general, sm
Jar m the male to those of estrogen 1 the female Testosterone has a pro
temn anabohe or nitrogen storing action which 53 mamfested by promotion
of growth of the sheleton muscles and varous other structures When
admmstered to 5 facting mammal testosterone miubits the breakdown
of protewn stored within the body and con equently a reduction m the
fevel of protern destsed blood sugar 07 However af the same time it may
accelerate the depletson of stored fat 1n compensation and affect the me
taholism of clectrolytes and water 1907 For these reasins it 18 easy to sus
peet testosterone of playing a part m histamne release and 1 masto
eytogenesis This suggestion s supported by Randanys $ finding that
testosterone propnonate jected mto granuloraa pouches sereased the
amount of mflammatory exudate n rate Taubenhaus *% using  turpen
tine abeesses 1n rats  found that testosterone as well as cetradiol a1
tectly Teduced the formation of gramatation hissue by mterfersng nith the
supply of growth hormone (STH) He does not state w hether or not tes
tosterone affected the exudate

‘There 15 the possinlity that » agh dosage of testosterone may nfluence
certain aspects of lymphocytie mavement One of 10 adult young male
hameters that received 14 to 30 mycetions of testosterone {775 to 2015
mg aqueous Wieth) durng a penod of 50 to 146 days shovwed dufimite
periportal infiliration of fymphaocytes and piismacytes in the hiver such
a3 regularly oneurs m hamsters and mice © that bear malignant tumors 1
Yun reported that castration of mafe ammals esther before or after al
lergzation inhibited anaphylaws and that the enstrated animals lost par
il protectson after being myected with a testicular suspension 104 Ap
parently the direct effect of the estrogen was to produce hyperemia with
meresced eapsllary lethage which was folloned by the 1nerease sn number
of mast eells 1n the harnsters and presumably also m the male rats

Progesterone A direct relatiwonstup of progesterene and stamune or
of mast cells or other mast eatl products o progesterone apparently has
not been deserthed Meverthele s 1t 18 hnown that admumstered proges
terone mereases the permeabihty of connective b sue Lround substance
whereas estrogen decreaces its permeability as was shown by the use of a
dye anjected smto mice ¥

Early German wnters thought that progesterone was the true  hormone
of motherhaod  and that estrogen was the true hormone of woman
bood 119 Honerer recent morh!™ shiows that in the nbsence of estrogen
progesterone 1s ncapable of causing implantation of the fertthzed ovum
mrate Cochrane and Meyer'™ found that i ovartectomzed rats 45 to
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60 hours after mating and njected daily with 4 mg of progesterone 1m
plantation did not occur so long as the daily mnjection of progesterone was
continued However, implantation occurred 1n the majorty of these rats
within 5 days after 1 pg of estrogen per day was administered in addition
to the daily mjection of progesterone

Progesterone apparently plays a significant part m water metabolem
for the adminstration of this hormone to hypophysectomized animals
causes pronounced polyuria® In normal animals 1t mcreases the permea
bility of cardiac cells, and probably other cells and permeable membranes,
to potassium and doubtless, other 1ons 100

It 1s well known that pregnancy brings relief m certain types of arthn
t1s, and progesterone has been reported to benefit rheumatoid and, occa
stonally, osteoarthritis® However, neither progesterone nor pregnenalone
exhibited any mhibiting effect on the spread of mntradermally mjected
India ik mixed with erther saline solution or with hyaluron:dase®

ACTH and cortisone The effectiveness of hormones 1n changing mast
cells or their number 15 a debated question Asboe Hansen (1950), Casal
lcro and Bracent (1951) Fulton and Maynard (1953), and Stuart (1951)
are some who believe that the admimstration of ACTH or cortisone de
creases the mast cell count Contrauly, Devitt and co worhers (1953,
1954), and Schock and Ghek (1953) were unable to obscrve any sigmfi
cant change i ma t cells following this treatment 5 Smith and Lenis
(1954) observed no effect on mast cells following adrenalectomy, hy
pophysectomy or the admmstration of these hormones %5 Padawer™
suggests that the changes following adrenalectomy are caused by the opera
tion rather than by depriving the ammal of its adrenal glands He, how
ever, found that hypophysectomy was followed by an merense 1 <ize of
the mast cells and that administration of pituitary growth hormone or of
an extract of the gland restored normal size to the mast cells 3 Asboe
Hansen and Iversen (1951) report an increase m mast cells of certain re
gions following admmstration of thyrotropin to gutnea pigs *

Adrenalcetomy depletes mast cells m the peritoneal flnd as shown by
an experiment mn which 140 mtact mice had 549 mast cells per ml of pert
toneal fluid whereas 142 adrenalectomized mice had only 255 per ml of
peritoneal fluid, but cortisone produced no change in number of mast el
1n the peritoneal flud within 24 hours 70

ACTH has at least 19 biologieal actions assigned to 1t ® but mterest
at this time centers about the relations of ACTH te histamine Since this
hormone ‘ exerts no metabohe effects on adrenalectomized amimals,®
most of the functions attributed to the pituitary gland as regards mast
cell products, apparently are mediated through effects of 1ts sccretion on
the adrenal glands Thus the relations of ACTH to Iistamine 1s that



NISTAMINE 15

ACTH timulated the adrenal cortex to secrete hormones, espeeially hy-
drocorticone® ACTH admmstered parcnterally apparently acts dr
rectly upon the 1drenal cortex to stimulate the productton of cortical sub
stance as indieated by 1ts actions 1 hypophy cctormzed animals 4

Ragan® ® points out that ACTH cortisone and hydrocorticone all pro
duce a common reult 1n intact ammals beeause apparently both ACTH
and corticone produce their vltmmate effects through the medum of hy-
drocartisone ACTH a product of the adenchypophyst , stimulates the
adrenal cortex to produce hydrocortisone or a very sumlar sub tance
which in turn produces the end effects usually attributed to admim {ration
of ACTH Likewise corts one 1s converted to hydrocortisone which 1s the
active state of this hormone Thus, 1t appears that the end results ob
tamed by admmnistering any of the three hormones are effccted through
the direct action of hydrocortisone or hendall s compound F #

There are such strong nterrelations between the pitintary gland and
the adrenal glands that the regulanty with which a given do e of ACTH
or ‘1117 oxy adrenal steroxds produces a sigmficant fall i the number
of arculating, eosmophils m patients having ummparred adrenal fune
tion, enables the climeian to employ this method m appraising the ade
quacy of dosage and as a simple clieal test of adrenal and mtuitary
reserve #%1 Under the ¢ conditions within 4 hours after mtramuscular ;n
Jection of 20 mg of ACTH, the eosinaphil level m peripheral blood 1s re
duced 50 to 80 per cent 1 man Failure to obtam this result usually in
dicates adrenocortieal 1msufficiency 87 Subeutancous injection of 03 mg
of epnephrine as used 1 the Epmephrine Test  will produce a fall of
50 per cent or more 1n the cosmophil level 1f the pitwitary adrenal reserse
1snormal and the patient 1s free from allergy & ® 7

A major surgreal operation on a patient having normal adrenal glands
18 commonly followed withm 24 to 48 hours by almost complete disap
pearance of circulating, eosimophils  and usually with a return to the
normal level before the 4th day after the operation 87 W hether the eosino
phil leukocyte does or does not carry hi tamme the above relations of
hormones to blood eostnophil levels offer a farly consenient method of
indireetly evaluating the serum histammne level

Administration of eortisone to patients or ammals uffering from many
of the allergic manifestations medent to exces 1ve amounts of histamine
ncluding practieally every form of wrritation commonly produces tonus
of the dilated artenoles and camllanes followed by absorption of the ex
cessive extravascular fluid protemn and other substances which have
leaked out of the highly permeable precapillaries and capllares into the
tissues The edematous conditions caused by the admimistration of a wide
variety of substanees sueh as eggwhite 19°° ovomucoid & poly accharides
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(including starch, agar and msulin) 27 and antrsera!® ¢ are, perhaps, some
what misleading as to therr allergic implications It 1s necessary, therefore,
to remember that most 1f not all, of the edema producing agents are hnsta
mune liberators Part of the favorable action of cortisone under these con
ditions 1s probably due to the reduction 1n mast cells,? © with a consequent
reduction 1n lustamine liberation Cavallero! © found that cortisone re
duced the number of mast cells 1n organs where they are commoniy found
1n normal rats, as well as m infected ammals showng pronounced mflam
matory reaction

Histamine and cortisone, or hydrocortisone® arc antagonistic m at
least one important respect hitamine dilates,™® 10 8 1057 yhereas cortt
sone tones or constriets artertoles and eapillaries 8 3 0 83 831 975 1098

Freyberg® @ neatly summarnizes the visible antihistamunte effects of cor
tisone by stating that 1t “decreased the magmtude of the whole complex
of inflammatory phenomena vasodilation, hy peremia, capillary permea
bihty cellular exudation, leukocyte infiltration phagoeytosis and fibro
blastic proliferation  ’

The vanable, sometimes inconsistent reports on the action of cortisone
on mast cells appear to be contmgent upon dosage interval between ad
mimistrations and/or duration of the course of treatment, as has been
shown to be true of 1ts action on lymphoid tissue lymphoeytes and plas
macytes mn hamsters % Also the vanable results may be due to some 1
termediate mechanism or other factors Some nvestigators report that
cortisone has a defintely lytic effect on mast cells others mmdicate that
1ts effects may range from Inghly vanable to negative ® © However most
mvestigators agrce that adrenalectomy sigmficantly decreases mast cell ®°

Cortisone marhedly reduced the rate of resynthests of cellular histamme
1n anmals previously depleted of histamime by treatment with dextran,
Tween or certam other stamine hiberators 39 #% By this procedure Hal
pern®* has shown that 1n rats cortisone more than doubles the period
betwecn the cessaition of treatment with the histamimne releaser and the
¢ restoration of the shin reactivity to dextran  Tlus period of latency may
be partly explained by Ungar < (1853) reference to Goth and co waorker §
tenet that corticone opposes the synthests of listamine 3% Tlus action
probably results from cortisone s interfering with the decarboxylation of
listidine by histidine decarbovylase 4t This process 1s considered to be
the probable biologieal source of listamme 4 Schayer® supports this
wdea by tating  In m) opmnton all the histamine bound 1n the orgam m
anses from histidine  West and Todd!® ¢ add that the histamine pro
duced by bacteria 1n the inte tine 1s also dernved by decarboxy lation of
hictidine Tabor'® discounts Nach s (1902) suggestion that Bacillus colt
can <y nthe 1ze histamine from carnosine Further support of the 1dea that
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eortisone miubits the activity of histidine deearboxvlase 15 «upphed by
Halpern,®* who stafes that the 1 of 1 18 nfubited by
corteone as was wmdweated by Schay er and co workers w ho demonstrated
a reduction 1o the sncorporation of G Inbeled histidine m the synthesis
of lustamune in the shan of gorticone trented rats Roscs® 8 observation
that neither eorticone nor ACTH admumstration affected ‘ the common
test nor the lustamime wheal,” both of which may be <uppressed by use
of antdustamines <upports Hafpern s™F view that these tno hormenes
aet upon the mechanism of biogenesis of hustamine 1 which the vulnerable
link appears to be lustidine decarbovylase

The 1den that cortivone inhibuts the biogenesis of histamme®s? appoars
to be the most neatly acceptable explanatron of the relation of corlisone
to the wnbition of histamine actnaty that we have encountered to date
This explanation 13 all the more attractive since mvestigators are w fawr
agreement that starmne 1s dernved by decarboxylation of histidine How
ever, this ydea does not milstate agamst the theory that cortisone may

5t spme hypethetical } which normally bas a deterrent
effeet on the setinity of staminase nor agamst the tenet that cortisone
whibits extray asation and stasts of tissue flund

Sinee adrenalectomy or hy pophy seetornsy destroyed 70 to 80 per cent
of the extractable astaminase wn cats 5 the admumistration of esther cor
tisone or ACTH would be expected to smulate the produ ction of histamm
ase and the destruction of histidine deearboxylase Thus by mereate m
actnaty of two histammne destroying enzymes and contract:on of the di
lated eapiliaries the astion of admunistered cortisone or ACTH would
form the nucleus for an explanation of the speedy relief m many cases of
collagen discase following mjection of cortisone However since cortisone
and ACTH destroy eosnophuls the formation of esces e amounts of
H,0 would be expected to pose a possible problem that results from the
destruction of catalase in the cells by evcess H O unless these enzymes
or other sgents were capable of destroying the excess H O,

A number of authors have reported that cortisone 1t normal mdivaduals
docs not wignificantly affcet the action of histamme or anterfere with the
action of lustamune Isherators or of the antigen antibods reaction 29t Like
wise the addition of cortisone has no effect on istamine m 1atro™ unless
the expl d tresue 1s { to be able to synthesze ifs
ona nstamine This concluston was deduced from the results of rat skan
culisse by Schayer and colleagues who found much less C* histamine 1
rab sk trented with both G labeled hastidme and cortt one than
the control eultures whieh were not treated with cortrane They slso found
that cortisone simatarly miubited mcorporation of CH* Iabeled histidine
n the synthess of hustamine 1n the shin of ntact rats 3 These results
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support the tenet that cortisone inhibits biogenests of histamine Results
of these experiments apparently explamn, 1n part, the basis for the vast
number of recorded nstances in which the administration of cortisone has
been defimtely effectrve m the treatment of a wide range of clmical and
experimental allergic mamfestations and inflammatory reactions which
apparently were conditioned by the liberation of histamine

Another approach 1s that employed by Goth and co workers (1952}
who show ed that reaccumulation of histamine 1n the tissues of gumea pigs
depleted of histamme by admimistration of Tween was prevented by cor
ticone 57

The often dramatic effect of cortisone on allergic reactrons, imcluding
arthritis, may be explained m part as follows (1) It causes normal tonus,
if not actual constriction of the dilated artertoles and capallares 8 136 4%
681 711 991 209¢ whych 15 accompanied by dramage and consequent speedy
fall 1n pressure exerted by the extravascular flud (2) It inactivates the
synthess of histamme® by suppressmg the activity of histidme decar
boxylase!®* and by indirectly stimulating histaminase activity The m
medate effects of cortisone are followed by a number of significant al
though too often reversible, cellular and flmd changes some of which as
well as adrenal relations, have been diccussed m preceding paragraphs

Desozycorticosterones The various compounds and proprietary prepa
rations of desoxy corticosterone, e g desoxycorticosterone acetate (DCA),
desoxycorticosterone (DQ) desoxy corticosterone (DOC) (DOCA) des
oxycorticosterone diethylacetate de-oxycorticone Desoxyecortone and
other designations) eommonly aggravate, rather than antagomze, the
<ymp duced by I However <ome act much more slowly
than others Some mvestigators believe that certan of these steroids have
a corttsone like, antt inflammatory antiphlogistic® ? 3 or capillary per
meability suppressing action nstead of the pro mflammatory phlogis
tief~ 93 or capillary permeabihity increasing action which 1s charac
tenstic of DOC390 855 9 93 100 Thyg, 1t 15 generally beheved thab
charactenstieally the corticosterones mecrease the permeability of ecll
membranes (particularly of cardiac muscle cells) but probably of all per
meable membranes to potassium and certam other 1ons and substances 100
The effects of DOC on mastocytogene 1s and histamine produetson are im
terpreted to a considerable extent m terms of the efficiency of the ¢ steroids
1n producing mereased captllary permeability and protemn leakage with
partial stasis In short the ability of thesc substances to produce cond1
tions favorable for mfiltration of mast cclls pla macytes and other
cells common to certam phlogistic sites has been conceded by most writers

DOC 18 usually considered to have an opposite cffect from cort: one on
histamne depleted Lin of the rat 1t stimulates resy nthesis of histammne
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and meidentally, 3t also promotes the process of iflamruition %0 In these
espects its effects are more ke hictatmine than cartisene

DCA, or DOCA Acetate (& proprietary brand) would be expected to
have actsvities smilar to those of DOC Halpern®* reports that treatment
with DOCA Acetate restored the <ensitnaty of the skan of zals m which
the Iustarmime had becn completely destroyed by five ingections of dextran
1 24 hours which was half the time required by control rats to restore
shin sensitivity after the last injection of dextran The slan of these dex
tran depleted rats when treated wath cortisone rematned shmost entirely
unresponsive to destran at least 96 hours after the last mjection of corts
sone The statement of hahlson ¢ that DOCA Acetate does not sestore
histammnase may be faken to mdicate that DOCA Acetate favors hista
mine formation by whibiting lustamunase activity

Irrespective of 1ts mode of operation DOCA Acetate may favor if it
does rot actually produce arthnise Jestons of a rhewmatic type This way
bemterp 123 an1nd that this subst may play a part in mast
eell and histamine production at the affected atreulations DCA 18 not
unly meffective in the treatment but tends to aggravate the arthntic le
s1ons 10 rheumatod arthritis # - Rats that recenved a chronie overdosage of
DCA often developed avute moro or polyarthntis 1 the metacarpal or
metatarsal articulations during the 2nd or 3rd weeb of treatment Um
Inters! nephrentorny apporentty had no «ffect on this DCA produced ar
thntts although 1, does affect many of the other conditions resuliang from
DCA overdosage®  Patients under treatment for Addi<on s disease with
DOCA m hugh dosage ramy <how arute rheumatie types of changes i cos
tam articulations ¥

Desaxycertlcosteronc diethy ! acetate 15 reported to have the opposite
effest of DOCA Acetate It deeren es the flow of wiismmatory exudate
wheress DCA mereases 15 &
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support the tenet that cortisone inhubits biogenesis of histamine Results
of these experiments apparently explamn, m part, the basis for the vast
number of recorded mstances n which the admmmstration of cortisone has
been definitely effective 1n the treatment of a wide range of clmical and
experimental allergie mamifestations and mflammatory reactions which
apparently were conditioned by the liberation of histamine

Another approach 1s that employed by Goth and co workers (1952),
who show ed that reaccumulation of histamine n the tissues of guinea pigs
depleted of histamine by administration of Twcen was prevented by cor
ticone 878

The often dramatie effeet of corficone on allergic reactions, imcludmg
arthritis, may be explained 1 part as follows (1) It causes norma! tonus
if not actual constriction of the dilated artersoles and capillaries $ 1% #**
6s1 711 991 1936 w Juch 15 necompanied by dramage and consequent <peedy
fall in pressure everted by the extravascular fluid (2) It mactivates the
syntheais of histamne® by suppressimg the activity of histidine decar
boxylase!®® and by mdirectly stimulating histammase actity The m
mediate effects of cortisone are followed by n number of sigmficant, al
though too often reverstble cellular and fluid changes, some of which, as
well as adrenal relations, have been discus ed mn preceding paragraphs

Desorycorticosterones The various compounds and propnictary prepd
rations of desoxycorticosterone e g, desox) corticosterone acetate (DCA),
desoxycortteosterone (DO}, desoxy corticosterone (DOC), (DOCA), des
oxycorticosterone  diethylacetate desoxycortisone, Desoxycortone and
other designations) commonly aggravate rather than antagomze, the
sympt produced by However, some act much more slowly
than others Some my estigators believe that certain of these sterords have
a corticone ke ant: mflammatory antiphlogistic®  ® 3 or camllary per
meability suppressing action 1nstead of the pro inflammatory phlog
tie® °3 or capillary permeability mereasing action which 1s charac
terstic of DOC0 838 9 93 100 Thus 1t 15 generally beheved that,
charactenistically, the corticosterones nerease the permeability of cell
membranes (particularly of cardiac muscle cells) but probably of all per
meable membranes to potassium and certam other 1ons and substances 1%
The effects of DOC on mastocy togenesis and histamine production are in
terpreted, toa considerable extent m terms of the efficiency of these steroids
m producing 1nereased capillary permeability and protein leakage with
partal stasis In short the ability of thee substances to produce condt
tions favorable for nfiltration of mast cells pla micytes and other
eclls common to certam phlogistic sites has been conceded by most writers

DOC 15 usually considered to have an opposite effect from corty one on
nstamine depleted shin of the rat 1t stimulates resynthesis of nstamine
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to the severity of the deficiency The capillary bed in vitamn C deficient
guinea pigs responded to expertmental trauma by the formation of pete
chize much more readily than in guinen pigs that recerved normal amounts
of ascorbe acid 5%

Zweifach138 1139 found that merely stroking the overlying peritoneum
with a microdissecting needle caused nereased capillary dilation and per
meability m the exteriorized meeentery of the mouse It has been found
$hat simular effects are produced by lightly applyng a camel’s hair brush t ¢

The relations of mast cell produets to changes in the permeabihity of
capillaries apparently myolve substances and their effects which are not
fully understood A substance indistinguishable from 5 hydroxytry ptamme
by 1ts chemies} and biological properties has been obtamed from pen
toneal mast cells of the rat % & It was later <hown to have been formed
by mast cclls from 5 hydroxytryptophan 3 This substance 5 hydroxy
tryptamine or serotonin, was found to be present mn the shin and sub
cutaneous connective tissue of rats in amounts proportional to the mast
cell population of these tissues 884

Since 1t has been generally ded that 5 hydroxytry (serot
omn 5 hydroxy 3 (8 aminoethyl)indole) 1s & ‘vasoconstrietor found n
sera of mammals "% 1t 15 difficult to envicage this hormone as a sub
stance which strongly increases capillary permeability Nevertheless re
sults of the work of Benditt and colleagues® 57 3¢ certainly mdicate
that this 13 the case Rowley and Benditts®t statc that the combined evi
dence that has been obtamned makes 1t very hikely that the edema produc
ing agent released by mast cell damaging substances 1s 5 hydroxytrypt
ammne " Thus, 1t appe irs from therr work that the effects of serotonin or
penpheral espectally dermal capillary permeability are similar to, or
perhaps esen identical wath those 1y attributed to h

I one dieregards for the moment 1ts synthesizing and storing funetions
the part played by the mast cell 1n imtiating ind sustaming hyperemia
and increazed capillary permeability by releasing histamine hepari, prob
ably serotomn and other substances 1s the mast cell s most sigmificant
contribution to the physiolojical and metabolie processes The work of

everal miestigators” ! € ¢ strongly indicates that mast cells are a very
mmportant 1if not by far the most important cource of the histamine that
18 reletsed 1n the skin Other mvestigators have shown that there 15 a
direct correlation between the number of mast cells and the amount of
histamine in the chan 3¢ 71 8 ¢ 355 1085 Tn one laboratory 1t was shown that
the shin from the hands and feet of untreated rats contamed 610 pg/g of
histamine but inrats pretreated with compound 48/80 which 15 nearly spe

elfic for mast cells <kin from the fect contained only 86 pg/g ! Skin from
the dorsum of the normal rats contamed 27 9 ug/g and 1 those pretreated
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Effect of Mast Cell Products
on Capllary Permeability

The physiologieal implications of changes m capillary permeability are
profoundly sigmficant under normal conditions as well as m “dicea e
states 113° or i certain, well defined, pathological conditions Proper
capillary function 1s so very important that Szent Gy orgy 1% loohs upoz
1t “as a mechamism which, 1 1ts precision greatly surpasses the finest Swis
watch 7 He regards capillary fragility s an mdieation “that this mecha
nism 18 out of order” The term “capillary fragility” as used by many
writers ncludes all stages of increased capillary permeabihity ’ but the
term “mcreased capillary fraghty should be Limited to “chemical le
stons 1n the capillary wall specifically m intercellular substance,’ *® or
to other drastic conditions, ncuding rupture of the collectmg venule of
the capillary bed 5% This 1dea 1» recapitulated 1n the statement that an
mtact capillary system indicates a solvent body *”

The worh of Kramer and Kramer (1953) mdicatcs that multiple factors
are mnvolved 1 mamntaining an intact capillary system® for they have
shown that hormones of the pitwitary adrenal system play a significant
part in the control of capillary resistance 1995 Other i estigators show that
fasting profoundly ncreaces capillary resistance and that realmmentation
with an 1socaloric protein diet rapidly causes the capillares to return to
the state of normal permeahility 1° Disturbance 1n the 1onc balance,**
1 enzymue activity,’® 1 ©and in short the activaty of almost any dis
turbing agent results m change 1n capillary permeability

Altering the caleium potassum ratios nereasing the amount of potas
sum, or redueing the amount or omitting calctum m perfusion expert
ments caused swelling of the mtercellular cement substance and a great
ncrease m permeabiity of the capillares 1n the living mammal Sub
stituting magnestum for caleium 10ps also caused the extracellular cement
to transform nto a jelly like erythrocyte permeable material excessive
amounts of calcrum hardened the cement and decreased 1its permea

biliy 1140
Ascorbic acid deficieney 1s conduetve to capillary fragihity 1n proportion

156
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to the sevenity of the deficiency The capillary bed in yitamin C deficient
gumea pigs responded to experimental trauma by the formation of pete
chiae much more readily than in guinea pigs that receryed normal smounte
of ascorbic acid 5%

Zweifach!1¥® 1139 found that merely stroking the overlying pentoneum
with a mierodissecting needle cused increased capllary dilation and per
meability 1n the exterionized mesentery of the mouse It has been found
that sumilar effects are produced by lightly apply ing a camel’s hair brush t &

The relations of mast cell products to changes in the permeability of
capillaries apparently mvolve substances and therr effects which are not
fully understood A substance indistinguishable from 5 hy droxy tryptamine
by 1its chemteal and biologieal properties has been obtamed from per
toneal mast cells of the rat 8 3¢ It was later shown to have been formed
by mast cells from 5 hy droxy try ptophan 3¢ This <ubstance, 5 hydroxy
tryptamme or serotomin was found to be present in the shin and sub
cutaneous connective tissue of rats in amounts proportional to the mast
cell population of these trssues 584

Since 1t has been generally conceded that 5 hydroxy tryptammne (serot
omn 5 hydroxy 3 (8 aminoethyl)indole) 1s & “vasoconstrictor found in
sera of mammals,’ %3¢ 1t 1s difficult to envisage this hormone as a sub
stance which strongly ncreases capillary permeability Neverthele s re
sults of the work of Benditt and colleagues® 578 38 certamly indrcate
that this 1s the case Rowley and Benditt®** state that the combined ev1
dence that has becn obtamed ¢ makes it very hikely that the edema produe
g agent released by mast cell damaging substances 1s 5 hydroxytrypt
amine * Thus 1t appears from therr work that the effcets of serotomin or
peripheral, especsally dermal capillary permeabtlity are <imlar to, or
perhaps even 1dentical with, those commonly attributed to histamme

If one dieregards for the moment 1its synthesizing and storing functrons
the part played by the mast eell m mtiating and sustamming hy peremia
and d eapillary bility by releasingt e hepann prob
2bly erotonm and other substances 1s the mast cells most 1gmficant
contribution to the physiologieal and metabolie processes The work of
<everal mvestigators? t 856 strongly indicates thab mast cells are a very
mportant, 1f not by far the most mportant source of the histamine that
1s released 1n the shin Other mestigators have shown that there 18 &
direct correlation between the number of mast cells and the amount of
Iistamine m the shan €70 7 3 854 85 1085 I one laboratory it was shown that
the <km from the hands and feet of untreated rats contaed 61 0 pg/g of
istamine but 1n rats pretreated with compound 48/80 which s nearly spe
eific for mast, cells, skin from the feet contained only 86 pg/g 7 * Skin from
the doreum of the normal rats contatned 27 9 pg/g and 1n those pretreated
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with compound 48/80, the dorsal shin contamed only 5 4 pg/g 7 ' Skin from
both regtons was rich 1n mast cells, but that from the bach contamed only
about 75 per cent as many mast cells as that from the hands and feet ™!
However, there are reasons for believing that mast cells also increase
capillary permeability by secreting a substance which has a =olvent effect
on the intercellular cement matenal of the endothelium and on the ad
sorbed protein film covering the endothelial surface 968 If this pomnt can be

tablished, and if the 1 of Lews (1927) that markedly
creased capillary p bility 13 dependent upon certan ct hyeical
changes in the capillary wall®$ are valid, the sigmficance of mast cells m
normal and greatly mereased capillary permeability wall be very much
enhanced

Mast cells function 1n the formation of hyalurome acd (HA) m pen
capillary connective tissue ground substance 18 0 4150 6 088 HA ac
tivity opposes the spread of fluid 1n the tissues!s 9 57 998 1139 ypless 1t
15 altered by some substance such as piturtary gonadotroprc hormones,
possibly estrogens®®® or hvaluromdase 1? -1 "7 860 Since 1t 15 mndicated
that hyaluromdase 1s produced m the connectve tissue m anaphylaxs™
there 1 good reason to suspeet that this enzyme 1s produced whenever
an excess of histarmne 15 released Duran Reynal s (1947), suggestion that
hyaluromdase regulates capillary permeability® apparently supports this
view He also pomts out that m addition to hyaluromdase, other chemical
regulators such as hypophy seal gonadotropic hormones and posstbly estro
gen play 2 significant part m nereasing the permeability of ground sub
stance %6 Tt has been shown by varous mvestigators that several of the
bioflavenoids including hesperidin methyl chalone possess effective antt
hyaluromdase activity and that ascorbic acid potentiates bioflav enod
activity 360 Dy ation that oral ad ation of hesperidin methyl
chalone reduces the spreading reaction of mtracutaneously mjected hy
aluronidase®? strongly indicates the significance of HA 1 preventing in
creased capillary permeability

The dilated capillaries and edema produced by topeal applications of
weak soluttons of histamme to the base of human finger natls™ indicated
that hyaluronidase or some other spreading substance had altered the
nature of the connective tissue ground substance, presumably by changing
some of the HA from a gel hike to a sol like state 37 Indeed because of
the resistance to connective fissue permeability afforded by normal HA
the formation of a sigmficant edema would, at least as a rule, presuppose
degradation of the HA m the connective tissue ground substance

There 1s good Teason to believe that all cells contamn at least & physio
logical trace of histarmine and 1t has been shown that appreciable quantities
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of histamine can readily be released from ceriain of these cells 8 7 ¢ 301
391 8¢ 808 1997 Hogever the mast cell appears to be the only cell which
contains & mavimal amount of stored histamine and at the same time 1»
cytologreally and ¢y tochemically adapted to the requirements for general
mvestigation of the relations of the release of endogenous histamine to
mnereased capllary permeabtlity, as the works of several mvestigators indr
cate? 1 B3¢ 85 108

McGovern®® suggests that mast cells secrete a “spreading substance”
which, by altering “the consistency of the endothelial cement Ines” and
endothelial surface film, 1s to a great extent responstble for regulating
capillary permeability Apparently, he beheves that histamine, heparin
and the <preading subst are components of one of mast cells
and that they do not exist indivadually n 2120 10 the rat It 1s generally
conceded that histarnine and heparin are stored in mast cells i an mactive,
loo ely hound form € 8 5 McGovern %% suggestion that a spreading sub
stance, lustamine and heparin are all three components of ‘one secretion
of mast cells’ 15 apparenily a new approach The presence of 5 hydroxy
tryptamine, serotonm, a v asopressor substance in mast cells ¢ 5% presents
4 new perspective 1n determimng the functions of the mast cell, for this
substance does not seem to harmonize with the effects of histamine hepann,
McGovern’s spreading substance and acid mucopoly<accharides (AMP)
Nevertheless, 1t 1s believed that the presence of 5 hy droxytryptamine with
heparin and histamine emphasizes the significance of mast cells as par-
ticipants 1n the reaction to mjury 65

The view of Manwanag and s colleagues (1923) that all anaphylactie
reactions are actually secondary to ‘ mereased speaifiv capillary permea
bility,’ which 15 the fundamental physiologieal change evoked 1 protein
sen itization 15 becoming widely accepted ® This tepet 1s supported by
the work of Rapaport (1941) and others who found that among allergie
children that had this type of capulary fragility about half of them 1m
K?‘}‘id following the admnistration of bioflavone vitamin P, or vitammn

Several imvestigators believe that the abundanee of mast cells 1n a struc
ture 13 dependent on the amount of connectrve tissue present ® I wish to
add to this statement our observattons showmg that there1s al<o a vaseular
Tequirement because mast cells do pot become numerous 1 the fat of the
%o called hubernating gland 1n the hamster until hyperemra has appeared,
and then the increase 1n mast cells occurs 1n the region of the fal body where
there 1s conversion of white to brown fat Also 1t 1s well established that
mast cells have a marked tendency to shgn themselves along or to “cuff’
or “skart’ (Heller’s Mastzellenhetten) arterioles and capillaries 603 8 3 1094
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VASOMOTION

The amount of blood <upplied to a structure 1s normally goserned by
controlling the diameter of the blood vcssels which supply that structure,
that 15, by vasodilation and s 1<oconstriction The <igmificant pomnt of vaso
motron 1s that 1t 15 the most important primary method by which capllary
permeability changes are effected

Certamn agents may effect mereased eapllary permeability without
altering the diameter of the capillanies The<e agents usually, by ndurect
action, alter the physical and/or chemical nature of the endothelum
penvascular sheath and/or connective trssue ground substance Howeer,
1t appears to be paradovical to consider the possibility of cau mg an ap
preciable alteration 1n any or all three of these components of the blood
tissue barrier wathout producmg ehanges m the diameter of the mvolved
capillary Some of the agents or factors usually considered 1n this category
are pH and tomeity changes in the extracellular fiinds Thus, 1t 15 pomted
out that, m experimental worh loss 1n capillary flurd may be eauced by
hypertonic <olutions of albumm glucose, sodium chloride or sucrose that
shrink and separate the endothelial cells with concequent capillary leab
age 1110 Excessive amounts of sodum fed to hamsters were re.ponsible for
capillary changes indieated by numerous petechiae m the capillary bed
of the cheek pouch” %

The ground substance may be altered by thy roid hormene * which may
alter 1ts =alf water relations and the relations of hyaluronate compound>
and connective tissue fibers ! 1140 and other agents \ irradiatron!™ and
the abscnce or msufficiency of ascorbie acid 860 1140 fesperidin®é? #° or
other bioflavonoids affect the ground substance and induce increa ed
capillary permeability (or actual fragility) and edema 593 847 860 1140 Oral
admimistration of hesperidin methy1 chalcone has been shown to diminsh
the spreading reaction of hy aluromidase when mnjected into guinea pigs 10

Terminal Vascular Structure

The term vasomotion as u ed m this work 1s imited to that part of the
terminal vascular structure or ‘capillary bed’ 13 which has muscular
<hects, bands or fibers m the walls #1138 The true capillaries the walls of
which are free of muscle fibers 113% arc capable of reacting only passively
to vacomotron This may cauce vanations from the normal tone fo various
degrees of dilation or constriction of the artenolar trunk Consequently
the volume of blood which may flow through the capillanes (except pos
«1bly, those possessing Rouget cells ¢ under conditions of normal blood
pressure 15 controlled by the diameter of the artemolar trunk Thus 1t
appears that local volume changes m true capillanes are chiefly the
direet result of mcrea ed volume (probably with no sigmificant local change
Jn pressure) of blood 1n the arterial trunk of terminal vascular struetures
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The difficulty of 1dentafy ing the nature of the blood vessel 1s often com
plicated by the conditions of the evperiment, and by phy=iologieal or
pathological <tutes Al o, the rather loose w1y 1 which investigators
cometimes designate capillaries in describing results obtained often cauces
the reader to wonder whether the involved blood vessel 1s a true capillary
or <ome other part of the terminal va cular structure In this review we
have followed, as far as 1t 1s practical, Zweifach’s'™® work on in two
dissectron functton and terminology of the terrminal vascular structures
Mo t of Ins work was dore on blood 1 essels in the mesentery of the mouse
Nevertheless, his structural and funetional concepts appear to be i agree
ment with the accepted pharmacological actions of substances such as
histamine and epinepbrine that produce hnown cffects on peripheral eapil
laries 563 98¢

The termmology and sequence of structures here employed, follow The
terminal vascular structures comprice the arteriole, precapillary, arterio
lovenular (a v) bridge’ (capillary bmdge or “permanently open capil
lary”"} 138 {rye capillaries, prevenule and venule The true capillartes arsc
{rom the arterioles, precapillartes and a v bridges 1133 and therr ongins
are commonly provided with a muscular or endothelial valve hhe struc
ture which 15 opened by dilation of the arteriolar trunk True capillaries
may empty into the venous part of the a v bndge prevenule and/or
venule usually they are collapsed dunng vasoconstriction or some may
be collapsed and others contain static blood during the baeal level of
flow,*¢ but they are distended with blood durmg dilation of the arteriolar
trunk of the termmal vascular structure 11%

Effects of Arteriolar Changes

Systenie or extenstve vacodilation decreased the pressure and rate of
flow of the contamned blood 198 1957 At the same time, however 1t myy
greatly mcrease the permeability of the walls of the precapllanes a v
bridges and espevially of the true capillartes, and thus permt abnormal
amounts of plasma and morgamc 10ms, mordmate amounts of protein
corpuscles and other cireulating substances to pa s out of the blood stream
mto the tissues 198 108 Thisynereace m capillary perme bty 1s extremely
important i normal growth wound healing and mamtenance as well as
Pathologieal processes In pathological conditions the e changes may
Present serious problems for under the mfluence of histamine protem
leakage, they may reach 5 to 6 tunes the normal rate of the affected capil
lanes 201

Since mast cells are nich 1 stored histamme 7 1 1t 18 sigmificant that
there 15 a growing tendency for mmvestigators of changes m capillary
Permeability to attach increasing importance to the release of ma t cell
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histamine as a provocative factor in mereasing vasodilation and thus m
creasing the permeability of eapillarics, especially when confined to a
delimited area or region

The conmderation of vasomotion for the purpese of this review 1s
Iimated elnefly to the production and control of “active hyperemiat*! with
special emphasis on “capillary hyperemia 141 Local capillary hyperemia
results chiefly from the action of an agent that causes relaxation of the
muscle fibers m the wall of the arteriolar trunk of the termmnal vascular
struetures particularly i the arteriolar and precapillary regions and, prob
ably, i the a v bridges Thus 1s thought to result in mereased dilation and
a correspondingly 1nereased volume of blood 1n the arteriolar trunk, which
cuse conseeutrve dilation as the ncreasmg blood volume 1s forced through
the relaxed a v bridge and the previously mactive, or even collapzed, true
capillaries

V arously Effected Vasomotion

Vasomotion, as delimited in this review, may be produced by any one
of a variety of agents which commonly operate by either stimulating or
mhibiting the lamina musculars of the larger blood vessels and/or the
terminal vascular structures the muscular bands 1 the wall of a v bndges,
or the muscle fibers which form the valves at the ongm of the true
capillanies Thus 1t appears that active vasomotion 1s dependent upon
the contraction of muscle fissue i the blood vessels to produce vasocon
striction and upon the relaxation of this muscle tissue to permit vasodila
tion There 13 evidence to support the 1dea that the vasomotor state of the
arterial trunk of the termimal vascular structure not only controls the state
of the true capillaries but markedly influences the tone of the aorta and
great arteries (ncluding the eoronary arteries) and the per minute output
of ventricular blood ¢ Since the true capillares of mammals are devoid
of muscle tissue,*t3® they are meapable of active constriction but their
endothelial walls can exert an appreeiable degree of elasticity apparently
ndependently of pericytes or periepithelial cells Ponder®® supports this
1dea by statmg that most obscrvers do not credit endothehal cells with
contractility but attribute all active contractihity to the ‘a v capillane
and metarterioles ’ which are effective because of the smooth muscle 1n
the walls Thus there 1s normally a fairly definite correlation between
the diameter volume of blood flow and degree of permeabihity of the
wall of the true captllaries and a v bridges and, possibly also myvolving
the precapillaries and arterioles to a certain extent

Tt has been estimated that in resting sheletal muscles about 90 per cent
of the capillanies may be empty and collapsed or in stasis and the re
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mainng 10 per cent constricted and virtually mactive howeser, the blood
supply to the resting tissue 15 maintamed by a certam alternation of
these conditions 1n the capillaries and during physieal activity, blood
courses through many of the previously collap ed capillares ¢3

Rouget cells or pericytes, when present may have a function 1 con
stricting capillaries 5 However the presence of these cells on mammalian
capillaries has not been established * 393 1133 Tt should be mentioned that
the power of actrve contractility has been aseribed to endothelum i
titro by Levi (1923), and s vwo by the Clarks and others 5 21 Howescr
some Investigators stoutly maimtamn the inability of endothelum per se
to contract ® 810 Nagel (1934) found that capllary endothelum offered
litle or no resistance to microdis ection needles, and that the hittle re
aistance present was due to the conncetinve tissuye therefore the endo-
thelia] cells were very readily deformed by any appreciable foree and
concequently, endothelial resictance to any force exerted agamst if 1s
practically negligible since the copneetive tt «ue “pertepithelium” 15 chiefly
responsible for any resistance to capillary distepsion! ¢ However, some
mvestigators belteve that the flow of blood through the capillanies ean be
seduced, or even stopped, by the endothelial cells becomung swollen and
distending 1nto the lumen of the capillary ' ® We have observed very
large cubordal endothelial cells 1 certamn inflamed human t1 sues but not
m any kind of normal tissuc It follows that under normal conditions at
least the true eapillartes n themselves are e sentially mactne and
respond primanly to the volume and pre sure of blood 1n the museular
part of the terminal vaseular strueture which compnsis the a v bndge
precapillary arteriole and arteriole

There remains the probabthity that romic changes and/or other factors
mcluding Starlmg s (1896) prmesple that inereased venous pressure mn
creases capillary transudation ° 3% may affect capillary permeabihity
mdependently of the muscular part of the termmal vasculir structure
Stunulation of the splanchnie nerve wnas followed by an merea ¢ 1 volume
of an intestinal loop while 1t was enclosed in a plethysmograph W hether
the resulting hyperemia was actually caused by stimulation of the vaso
dilator nerse or merely by relaxation of the intestinal musele 1s debatable
becau e 1t has been shown that any change m mtestinal tone 15 followed
by a change 1n blood flow 104® Uvnas'®? supports this latter tenet by point
mg out that low concentrations of acetylcholime increase intestinal blood
flow, whereas concentrattons suffictently high to cause contraction of the
muscle tissue alep reduce intestinal blood flow Unfortunately, the fact
that the intestinal me entery 1s richly supplied with mast cells which
store histamune or that the least injury or even disturbance causes the
release of nstamine apparently was not considered The manipulation of
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the mtestmal loop incrdent to enclosing 1t 1n the plethy smograph would be
expected to release a sufficient amount of histamine to account for the
ncreased blood flow

Recent experiments were made on the fragility of the capillary bed 1
the check pouch by feeding hamsters excessive amounts of sodium, adding
30 per cent of fat and withholding choline or ascorbic acid from the det
of rats or guinea pigs and mechanically or clectrically stimulating ex
posed mesenteric vessels The leakage thus produced was due to defective
venules, and demonstrated that the site of the escaped blood during m
ereased capillary fragiity was the collecting venule of the capillary bed *

Although 1t 15 1mpractical to rule out neuromuseular relations, the con
tradictory effects obtamed with magnesium mmdicate changes m capillary
permeability Defictency of dietary magnesium eaused vasodilateon 3%
whereas an excess of ad ered dep § the blood vascular
and respiratory systemsin rats

McCollum and co workers®? found that the addition of only 18 parts
per million of magnesium to an othersise adequate diet prevented oc
currence of the magnestum defietency syndrome 1n rats

The suggestion has been made that some of the various agents which
are credited with causing v asomotion act mndirectly by causing the relea e
of hstamme Whether these agents nct by releasmg histamme and/or
serotonin from mast cells or other cells should not be overlooked, neither
<hould the generally accepted fact that almost any kind of cell myury will
provoke the release of histamine be overlooked The relations of lustamimne
and of <erotonin to va<omotion are very mtimately as ociated with capll
lary permeabihity

HISTAMINERGIC NEURAL ACTION

The action of histamme as a vacodilator 15 sard to parallel that of
cholinergic parasympathetic nervous stimuli the action of epmephrine of
1ts dernvatives, A 40 and Aludrme 5% a3 a vasoconstrictor 1s beheved to
parallel that of adrenergic sympathetic nervous stimuli Vasodilation 18
believed to be caused by a neural mechant m*® and apparently to spread
by antidromic or axon reflex 88 113 Nevertheless Uvnas'®® pomnts out
that the available experimental evidence indicates that sympathetic
yasodilator fibers are exclusively cholinergic and are probably Timted
1 effect to skeletal muscles and possibly to the coronary vcssels but
that there 1s very little evidence indicating effectrseness of sy mpathebie
yasodilator nerves to the shin of the dog s ear or to Ins intestines

The world 15 ndebted te Claude Bernard for the discovery in 1851 of
yasoconstrietor, and later of vasodilator mnnervation in the rabbit 4 How
ever, the mechansm of meural vasodilation as it affects the capillaries
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15 not as well understood as 18 vasodit The setor newrony
all belong to the sympathetic nervous systers whereas vasodilation 13 ae
comphished chiefiy by neurons from the parasympathebie but also by
fibers from the sympathetic and somatsc <ensory systems*® Ample hista
mine oscurs within the sheaths of these nerves, as much as 100 pg/g
hsstammne dihydrochlonde has been found m the Hympathetre <pleme
postganghonic nerves ia the 013 However Yon Euler'® s not con
vinced that this istamine  serves as a mediator of nerve effects ' on «maoth
muscle Thus the gquestion of the of k nerves
mammals 18 far from being settled

The muscularly walled artenioles are surpnisingly well supphied wath
both vasodilster snd 1 efferent sutonomie nerve fibers 87
which appears {0 mdicate that neural contral of vasomotion 15 mited
to vessels having smooth muscle m the walls!4® esther forming the tunies
media or cccurring as thin bundles or posubly as sngle ¢ells Since
Zwerfachi®3s observed muscle m the wall of arterioles precamilary arte
noles and & 1 budges but found contractile pernvascular elements con
spicuously aheent m true capillares mn the mes<enters of the mouse 1t
appears that the smooth muscle m these structures may be <ubject to
autonomie stimulation but that this form of stimulation probably 18 m
capable of affecting the true capillarses directly Nevortheless control
of the d of the precapillary segments of the arteriole affects the
dhameter of the capillartes by reguisting the amount and head pressure
of the blood entermng them

e \} } VPEests an

1

1on by which non

histamume induced hy perma of dermal areas such as blushing 1s effected
Howexer, the probability of central antidromie mmpuises and of nico

tme action of acetyleholine playing a part w blushing and m certam
other instances of vacodilation have been seriously considered 38 Never

theless Von Fuleri®® states that his and Astrom s experuments that m

volved stimulatson of the sleum of gunea pigs through rather long (7to 8
em } pieces of splente nerve from the ox mdreated that the transmssion of
neural stsmuly 18 through the release of histamsne Sexeral other mvesh

gators beheve that a ek 1 med such as h 13 mvolied 1
neural stumulstion ¥ Others suggest that enermation affects capillary
semsitassty to histanmiine 1 8 manner which 1s not completely understood 78
£ this 15 the case  the normal ansmal 3t would appear that vasodilation
18 generally effected by the release of histamine However other writers
mdicate that histanine alone ar adenyhc acid alone eould cause capifiary
dilation for hustarmine causes artensolar dilation an the dog monkey and
man adenylic aerd hke histammne 1s released by tissue damage and also
eauses arteniolar dilatton * Dther waiters discourage ths wdea by stating
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that, m vasodilation, histamine has a direct action on the true capillares,
but that 1t dilates arterioles “mndircctly through the avon reflex’®7
Tonutti!® ¢ suggests that hormones may condition the tissue’s reactinty
potential to an irntant, Boyd!%® indicates that still others believe that,
although histamme dilates capillaries, 1t contraets arterioles This last
1 25 open to d , for mvestigators apparently agree that,

although perfusion of the ves<els 1n excised structures commonly produces
arteriolar contraction as opposed to dilation in mtact animals,™ 1t probably
never has an opposite vasomotor effect on eapillaries, certamly not on non
muscular, or true capillares

Feldberg (1955) suggests that one effect of a large dosage of histamine
may be neuromuscular block 12 He does not state whether or not this
neural effect 15 related directly to mcreased capillary permeabiity How
ever, he believes that the muscular weakness or paralysis of rats and cats,
following 1njection of large do-es of erther histamine or of histamne libera
tors such as compound 48/86 may be entirely accounted for by the myected
or released histammne either producing a neuromuseular bloch or affecting
the muscle directly, with the result that stimulation of the motor nerve be
comes neffective In 1956 he stated that the muscular weakness and paral
ys1s seen 1n rats after the admimstration of a heavy dose of compound 48/80
“15 certainly due to neuromuscular bloch 1% The results of these expernt
ments 1n producing muscular weakness by 1njecting the histamine releasing
compound 48/80 are very signifieant because they mdicate that mast cells
arc the chief source of the hustamine Mast cells are farrly numerous 1
the nternal perimusium of sheletal muscle m hamsters and compound
48/80 15 considered to be almost, 1f not quite specific for the release of
histamine from mast cells © 72t 855 857

Dale (1910 1911) found that intravenous mjection of hstamine de
pressed blood pressure profoundly i monheys, dogs eats and fowl, and that
this result was caused by the primary action of the histamme mndependently
of “the integnity of the sy mpathetc nervous sy stem ”7¢

A novel approach to this general problem was made by Barany and
Nordqvist (1949) who found that nerve block, caused by an histaminolytic
or typical local anesthetics such as procane could be removed by a husta
mine solution %8 They al<o found that when histamine was added to the
solution contaming a blocking agent such as procame, the property of the
local anesthetic was lost This antagonism between local anestheties and
histammne suggested to Martm®S that since all lustammoly tie agents are
local anestheties’ there 1s the probabihty that by the use of Barany and
Nordgvist's technique for nerve block, 1t should be practreal to correlate
the action of loeal anestheties with therr antibistaminie power
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EPINEPHRINE

Vasodilation results from iniravenous mfusion of epinephrine?®t 1997 as
well as from hist Epineph unbke nor h “vathin the
physiologieal range * has an over all vasodilator effect and causes increased
blood pressure by increasing the output of the heart 1% The splanchnic
and peripheral blood 1essels may be powerfully constricted following 1n
travenous injecttons of epinephrne which acts upon the muscular Iayer i
the vascular wall mn proportion to its thickness Consequently, the arteries
are more strongly contracted than the terminal arterioles ** Local m)ec
trons of epinephrime produce local vasoconstriction 1ntravenous mjection
of epinephrine into normal animals produces a sharp, though not sustained
115¢ 11 blood pressure and an mcreased amphitude m heart beat, 1 vagot
omzed dogs the blood pressure may exceed 300 mm of mercury °%*

Staub {1946) attributed the vasoditation that followed mtrayenous ad
mmistration of epinephrine to the effects of histamme hberated by the
emmnephrine smee he observed a decidedly increaced rise i plasma hista
mine 15 Whetani®$? gbeerved that there was pronounced vasodilation 1n
the forearm which was followed by a sustamned mcreased flow subsequent
to the intravenous mjection of epmephrine into a human subject He at
tnbuted this sustamned Row to the appearance m the forearm of ‘ <ome non
histamime dilator substance from a <ite of relcase el<cwhere m the body,
smee be obtamed no 1ncrease m plasma histamine 1n the forearm by m
Jecting epinephrine mto the brachial artery

The reported vanable often contradictory effects of epmephrine on
vascular structures 1s not as easily cxplamed as may be imagined beeause
serotonin listamine acetlycholine and epinephrine each constricted the
1solated carotid arteries of swine Epmephrine not only constricted the
walls of the carotid artertes but also constnicted the va<a vacorum of these
arteries However neither epmephrine nor histamine was able to cause
constrietion of the vasa vasorum of corontry arteries of erther man or
swine hut acetylcholine readily cau.ed them to con tret 2 3

TISTAMINIC EFFECTS

Notmthstandm,, the fact that there are many agents and condrtions
capable of causing vasomotion the most 1mportant single point to be dis
cussed at this tame pertains to stamie produced by peremra and the eon
comitant merease in capillary permeability which may be loeal or exten
Sive, and which may mvolve the entire structure or body A disturbrg
factorn discussing hustarmmic effects 1s that 1t 1s apparent from the work of
Benditt and s colleagues® 575 8¢ that 1n an undetermmned number of
instances effects due to the actavity of <erotonin or to the combined effeets
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of this substance and histamine may have been erroneously credited to
histamime, or vice versa It has been established that lustamine can cause
mereased capillary permeability Whether 1t acts directly by dilating the
capillaries or indirectly by constricting the arterioles and venules or acts
on all structures of the capillary bed simultaneousty has not been defimtely
settled Rocha e Silva®? carries the 1dea much further by stating that
histamine constricts the small arterioles and venules, but dilates the capil
laries and ncreases their permeability He adds that histamine 1s the only
substance which has been shown to be capable of thus effecting dilatron and
of mereasing permeability of blood capillaries He supports this 1dea by
pomting out that umtating toxic, mflammatory and other agents which
mduce mereased capillary activity * do so chiefly by causing the relea e
of histamine Irrespective of what time may prove concerning the relative
and actual values of serotonin and histamine as edema produeing agents,
the earliest published work on this functton of serotonin appears to be that
of Rocha e 81}y %% and Benditt and his co workers® 88

It has been suggested that changes 1n capillary permeability may be
effected without producing a readily detectable change in the capilfary wall
A possible example of this effect may be attributed to changes i the pro
tein film covering the endothehal surface 128 and 1n the conustency of the
endothelal cement substance and surface film brought about by the
‘spreading substance <cereted by mast cells®®® or hyaluromdase®® 7
Lewis’ (1927) tenet that chemical and physical changes 1n the consistency
of the capillary wall are essentaal for mereased capillary permeability®®
strengthens this pomt of view

Histamne 15 a powerful vasodilator 1937 however, there 1s a considerable
amount of evidence mdicating that 1t (probably arded by other agents m
cluding other mast cell produets) also induces physicochemteal changes
1 the components of the capillary wall 3 688 1140 Theee changes acting m
conyunction with the increased volume of blood and possibly various other
factor< 18 1 189 88 are capable of increasing capillary permeability

Histamine has been found to stimulate endothelial cells to phagocytize
foreign hipord cholesteremrc and other matenals It has been shown that
this phagocytosis 15 prevented by antrhistamines® Hemlemn (1935) be
Jieves that histamine eauses endothelial cells to swell and subsequently
palisade or even to become detached

Various mnvestigators behieve that x irradiation increases capillary per
meability but they are not agreed on the mode of 1ts operation mn causing
the mcreased permeability Although there 15 no mnjury to the endothelium
Dahl (1937) thmks that wrradiation mjures cells 1n the extravascular tis
<ues and cau es them to liberate the mestarmne which n turn icreases
capillary permeabihity 5 EIf kind (1940) mamtans that x irradiation
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eauses endothelial nucle: to swell, round up and lose thetr nucleoh & Similar
conditions often presail in instances of pathologreally nereased capllary
permeability That x irradiation produces capillary dilation m the <han, 1f
filters are not used was known to the early radiolog: ts who employed the
shim erythema dose  (SED) s a hase for rechomng dosage

‘Thesc obsery ations and conclusions indicate that released histamine may
cauce capillary injury and, concomtantly 1ncrease permeability The well
known tendency of mast cells to aggregate along small blood vessels and
captllaries mdicates that mast cells are a hikely <ource of this ustarmne
Howexer, 1t 1s farrly evident that the mature mast cells (Type II) 1n the
neighboring connective tissue are the source of most of this histamine
rather than those adjacent blood 1 essels which are chiefly immature (Type
I) cells®

Death or mjury of any cell, or even mild disturbance of some cells,
probably causes or evokes the release of histamine Nesertheless, 1t 15 only
comparatiyely recently that many of the more obscure instances 1n which
histarmne 1s released have been associated with increased capillary dilation
and permeability For instance, erythema or redness of the shin has been
recognized as & hy perenua for many years  but the more modern clm
cans and 1mvestigators ususlly attribute this condition to such causes as
irntation or photochemieal reactions Despite the weight of evidence md1
cating that histamine 15 an instigator of asodilation and 1nereased capillary
permeability this rdea 1s modified or rejected 1n part or entirely by certamn
mvestigators

Analy.s of the over all problem of the relation of lustamme to hy per
emia and merea ed capillary permeability 1s extremely complieated under
normal physiological condittons The analysis 1s further complicated by
experimental procedures by d1 ease states 1'** including such conditrons
a8 factitial urticara® or dermographia and by pathological conditions

In addition there remamns the probability that multiple factors are i
vohved

DIVERSE RELATIONS OF HISTAMINE

Histamine causes marked contraction of intestinal and uterine mooth
muscle of the gumea p1g 7® An 1solated prece of guinea pig s uterus reacted
by contracting when placed m 1 250 000 000 histamine 1n Ringer s solution
Alo lustamine caused the contraction of exeiced preces of uterus of the dog
and rabbat, but had highly vanable effects on the uterus of mice 1t usually
nhibited contraction of exa ed peces of rat uter: ¢

Histamine 15 a potent vasodilator of intact blood ves els 957 but as
deseribed belaw perfusion with 1t u ually causes the blood vessels m ex
cised structures to constriet Howeser 1t 1s doubtful if Instamine plays an
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mmportant part in vasodilation which follows exposure to certain conditions,
such as, immersion of the fingers or hand m cold water, temporary arrest
of dehmited eirculation exercise and epinephrine infusion of the human
antebrachium 7 Nevertheless Code!? holds that ‘stimulation of gastric
seeretion 1s 4 function of Instamine,” and the work of others™ 37! supports
this view A sustammed mcrease n glandular secretion 1s effected through
hyperemza, and lustamine 1s known to be a potent agent in causing va odila
tion and increased caprllary permeability 15 The ability of this amme to
cause mereased volume and acidity of gastme juice should be attnbuted
primanly to histamme produced hyperenma Subcutaneous injection of
compound 48/80 (the powerful histamine releaser) into dogs or 1ts mira
venous 1njection mto cats 1s followed consistently * by the scereton of large
quantities of lnghly acid gastric juiee ” This report supports the contention
that increasing the sceretion of aed gastrie Juiee, by “mereasing the blood
supply of the gastric glands,” 1s a function of histamine 175

Scveral investigators have made a point of the distribution of mast cells
m the wall, especially in the adventitia, of the aorta and great vems®® and
of thewr characteristic of aggregating around ( cuffing’ ), or aligning them
selves along, small vessels and capillaries 438 93 8 8 ¢ Mast cells often
form a pernvascular sheath of immature, non metachromatic mast cells
(Type I of Riley )? - around muscularly walled arterioles and true capil
laries® 8+ Numerous mature metachromatically staimng mast cells
(Type II of Riley)®® are scattered throughout the loose tive tissue
farther away from the blood vessels These two distributions of mast cells
appear to assure an adequate supply of histamine for unlimted, drrectly
histamme produced vasodilation or for transfer of sttmul from vasodilator
nerves 4

If mast cells are an 1mportant source of histamine one 1s justified n as
suming that these mast cells are an important source of the histamme
which btedly playsa part i vasodilation wherever they
oceur 1n connection with blood vessels and that this sigmficance 1s related to
the density of the mast cell population n the adventitia and neighboring
connectrve tissue

The effects of histamme and 1ts antagonists on the normal termmal
vascular structures and their functions bear a fairly definite relation to the
architecture of the small blood vessels and may nvelve also the lymphaties
The tone and response of muscle tissue 1n the wall of artersoles precapl
Jaries and a v bridges and the dilation and contraction of the true capil
lanes are essential to muntenance of the blood supply demanded by the
condition of the trssues myolved 1138 These physiological states in normal
animals vary from the basal, or resting lesel of tissue activity 1n which the
contracted arterioles, precapillaries and a v bridges carry practically all
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the artenial blood directly to the prevenules while the true capillanes are
virtually empty and may even be collapeed tothe hyperemic state m which
the arterioles and & v bridges arc dilated and the true capillaries may all be
greatly distended with blood 138

MECHAMNICS OF CAPILLARY RESPO\SE

It1s extremely difficult to explamn the mechanices of changes in capillary
bility beeause 1oy tors are not 1n as to the structure

of the capillary wall® 1138 1140 particularly of the endothelial mem
brane,® ¢63 1059 1138 1140 or the sigmificance of chemieal and physieal
changes m the luminal ad orbed protein film and/or mn the perivascular
connech‘e t Ue“ 12736 563 66¢ 1139

Changes 1n capillary permeabihity usually result from changes not only
1 the capillary wall, which probably neludes reticular and elastic fibers
and collagen, but may also 1nvolv e all entittes that form the structure of the
hematoparenchymal barrier This may mclude changes 1n the ad orbed
protein film that covers the Jumal surface of the endothelium,866 1138 1140
in the basement membrane,® and 1n the endothehal cells themselves,® and
also m the consistency?'38 and porosity? 840 1138 1132 1190 of the endothelsal
mntercellular cement substance The pericapillary adnexa includes elastic,
fibrous and collagenous connectis¢ tissues and part of 1t 1s organtzed to
form the ¢ pericapillary sheath * The amorphous connectrve ti <ue ground
substance which contains HA ! 7 3% 563 and collagen3® 349 forms
probably the most important part of the blood tissue barrier 98¢ The endo
thehial membrane serves chiefly 45 the sheletal framework’ of this bar
nier M40 Ths 3dea was developed further by Duran Reynals (1947) who
believes that capillary permeabihty 1s regulated by byaluronidase which
1s very important in controlling the permeability of the ground ub
stance 336 683 Chambers and Zweifach (1947) think that the action of
hyaluromdase causes capillary fragility 5 Drinker (1927) perfused the web
of the foot with extracts of pituitary gland and horse serum %6 He con
cluded that a hormone 13 pre<ent 1 frog blood which 15 capable of restoring
and maintaming normal capillary permeability 1n capillanes previously
made permeable to colloids

Hyalurontdase evidently plays a very important although indirect role
1z controlhing capillary bility by altering the viscosity of the HA 1
the pencapillary connectis e tissue and 1ts ground substance The 1dea that
the ants mfl y effect of ad tical hormones 1s mediated chiefly
through the activity of these hormones m ncreasing capillary resistance
and the consequent decrease m capillary permeability®® sheds some hght
on the relation of viscosity changes in HA ito permeabihity changes in the
capillaries Other w ork3%® shows that the anty inflammatory action of cer
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tamn adrenocortical substances affects HA by mercasing “the hy alurondase
mhibitor levels” 1n the blood serum Tlus merease 1n hyalurontdase mhibt
tor adds to complications of transportation but does not militate against
the coneept of cortical control of hyaluromdase Frve of 36 adrenocortieal
hormones (I mg/100 g body weight/day for 3 days}, mcluding cortisone
acetate, increased capillary resistance as <hown by the abdominal shin test
1n rats previously aceustomed to handling 50 to 60 em Hg over that of con
trol amymals 9 In the hght of the re ults thit were obtained by other m
veshigators 358 tlus mnerease in capillary resistance should be attributed
chiefly to the potency of cortrsone and ecrtamn other adrenocortical hor
moncs 1n suppressing the actiity of hy aluromdace and the consequent m
Crese an viscosity of the HA

Sommers™ stresses the significance of normally intact basement mem
branes and conneetuy ¢ tissue ground substance He ponts ou that locahzed
dissolution of basement membranes sometimcs precedes parcachymal
atrophy of aging, organs Although hus emphasie 13 upon organs 1t 1s vl
dent that eapillary permeability changes are the motivating factors

Kisch (1955) attaches great sigificance to the wall and adnesa of the
capillary m regard to the complevity of its structure and relation to per
meabiiity changes m eapiliaries as revealed by the use of the electron
mieroscope 140 He regularly obeerved an uidentified substance between
the camilary wall and its sheaths He mahes various comments on the com
plexity of eapillary structure and strewes the sigmficance of changes that
oceur 1n the eaptllary wall under various condittons espectally 1s seen
ascorbie auid deficieney

An smportant pownt in the mechanies of capillary pormeabrlity pertamns
to the physieal state of the capillary wall In true capillarics of the mouscs
mesentery the capillary wallt composed of elasti, endothelium that ‘re
mamns the <ole contractile clement 1139 and 1n the distonded state exhibits
stigmata or perforations 810 1132 Thys since the wall of the true camllary 13
elastie and porous mereased blood volume m the arteriolar trunk and the
related merease i capillary dilation may merase leakage of protein mole
cules at 2 rate much higher than would be suggested by the actual merease
n drameter of the capillary  Vasomotion of the true capillaries m normal
and inflammatory condittons could be effected without any direet influence
being applied to the true capillaries other than the elastieity of the endo
thelial walls which would function only m produemg 2 certamn degree of
tonus 1 the capillary Any vasomotion affecting the a v bridge precapil
lary arteriolar region of the artery would be immedately transferred as 8
blood presstre change w the true capliartes Thus nhibition of the mus
cular Tegton of a terminal artenolar structure would eiuse dilation and 1f
«pstamned anincrease m eapailary blood pressure whieh would fasor exuda
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tion These relations could account for Menhin s% finding that the avail
able data indreate that eapillary dilation m inflammation or simple hy per
emis 18 accompanted by mereased capillary prescure Landis (1934) al<o
thought that artersolar dilation 1s responsible for “the n<e in capillary
pressure 1n hy peremic conditrons ’ ¢

Vartous wnters have pointed out that nereased capillary permeability 1s
commonly as oclated with dilation m 4 large number of capillaries and
that capillary permeability can be increased until any collord will pass
through the wall However, some dilation may occur without any per
ceptible 1ncrease 1n permeability whereas a high degree of permeability
may be attained without appreciable dilation of the capillaries 965

PERMEABILITY CHANGES

Changes produced experimentally 1 capllary permeabihty may be ex
pected primanly te myolve the entire terminal arteriolar structure both
the muscular part and the muscle free part which compr es the true capil-
lanes

Hjy peremua 1s essential, but the work of Lewrs (1927) indcates that, m
additton to increased blood flow 1t 1 necessary that a physicochenmeal
(‘qualitative ) change takes place 1 the eapillary wall before its per
meability, especially ta protens can be matkedly merea od 85 He applied
suction (90 mm Hg negative pressure) to sensitized human shin (red hine)
and mcreased capillary pressure by interrupting renous return This
method failed to promote whealing and 50 mm Hg positrv e pressure on the

ensitized skin did not pres ent the formation of wheals

Capillaries are extremely sensitive to environmental changes as well as
to rnitation or actual ijury Therr sensitrvaty 1s indicated by the altered
permeability of the walls of disturbed capillaries The amount. or extent of
disturbance which 1s necessary to provoke an increase or decrease m capil
lary permeability 15 so small that 1t does not need to produce & physical
change 1n the mvolved capillanes Zwerfach!™® 1129 found that merely
strobing the peritoneum of the mesentery with a microneedle produced a
Pronounced merease m the permeability of neirby but untouched capil
lartes 1 the mesentery of mice Hyman and Chambers showed that capil
lary permeability can be decreased readily without any detectable decrease
n dizmeter or other physical change 1n the capillaries of rabbit 10 ® They
attibuted this decrease 1n permeabihity to a change in the endothehal cells
of the capillaries and stated that this econdition may be mduced by ex
tremely weal solutions of adrenocortical hormone Contranly Me
Govern gte spreading substance which 1ncreases capillary permeability,
and which he suggests 15 secreted by mast cells would be expected to i
erease endothelial permeability without causing perceptible change m cap
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Hlary diameter by altering the conststency of the mtercellular cement snd
endothelial covering film, provided 1ts actions were not augmented by re
leased histamine

Normal Capularies

These obsers ations suggest that 1t would be advable to conuider some
of the points concerning permeabihty changes of normal capillarses Under
notmal conditions mamienince permeabihity, which may be considered
primanly as supplyng the normal amount of transudate, appears to be a
function of the a~v bnidge, with possible contributions from the arteriole
and precapillary, the true capillaries are primanly collapsed or otherwise
nactive most of the time 58 1138 1139 Upder conditions of normal mamte
nnee, a higher level of permeability of controlled duration 1s induced prob
ably for the puspose of permitting passage of protemns, other substances and
added amounts of serum Concenvably this eyclic process may be mtisted
by an mfimtesimal amount of mast cell seeretron, which mav be released
by dialysis rather than by cy toly «1s of the mnvolved mast cells or, pos 1bly,
by neural stimult

Renkn®® pomts out that the normal endothelial cell, hke many other
kinds of normal cells that have diverce origms and functions, has a much
higher degree of permeabihty to liprd soluble molecules than to hpid
m.cluble molecules He suggests that the ipid nsoluble molecules may be
largely restricted to passage from the capillaries through the stomata He
aso states that the freedom with which lipid soluble molecules oy gen and
carbon dioxide permeate the capillary wall may be the result of mcreased
permenbility of the endothelial cells them elves rather than a change i the
ntercellular cement or the stigmata This apphecation of differentral rate
of dialysis through the endothelium s further hicated by changes that
may oceur 1n the adsorbed protein membrane covering the endothebum
the endothelral membrane itself and/or the pericapillary connective tissue
and 1ts ground substance

Landis (1034) has shown that injury to a capillary may merease the
amount of escaping flurd as much as 7 times the normal amount 6% This
leakage 1s the result of vasodilation which causes dilation of the eapiliary
pores 663 #10 1138 1130 Bstymates based on the known size of particles which
passed through gave maxtmum values around 38 A for the diameter of the
pores 1n normal capiliaries and up to 200 A for the diameter of the
pores 1n dilated capillaries resulting from injury °63

The precence of capillary stomats 1s not universally accepted because
some wmvestigators belteve that capnlary walls do not have actual stomata
or any type of preformed openings that are designed to permut the passage
of matenials into the intercapiary arcas 387 % Others believe that stomata
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are only temporanly formed mn the cement substance and basement mem
brane by hepnfaction some doubt the presence of & basement membrane m
any blood vesscl ® 583

The ground substance of the connective tissue 1 which the capiifaries
are embedded normally has a gel like or shmy viscous consisteney 327
When the capillary 1 stumulated with microneedies the endatheltum loses
s elastieaty, becomes sticky, and the connective tr sue ground substanee
becomes mereasingly Biquid thus greatly favoring the spread of exudate
into the tresues This process occurs m the mesentery of the mou ¢ eat and
frog 3¢ QOther investigators have demonstrated a simalar reaction m ex
teriortzed mesentery of the frog®® rat dog and cat 113

The blood vessels of ascorbic acsd deficient gumea mezs formed petechiae
dunpg expenmental trauma much more reachly than those in normal am
mals In at least 00 per cent of the mstances the escape of the formed blood
elements wag through the collecting venules 1w the capsilary field most
ofien through a tricomered tear but 1 some istances through the
ereased porossty of the venular walt 593

Mechameal Irrstation

Extremely delimmted arcas of snjury (10 to 15 4} are known to relea e
histarime and to produee capstlary dilation with wereased eapiffary per
meability 1338 1139 7y eifach 3 shoned m & film that gentle yrntation pro
duced by tapping the wall of a capiffary with a mieronecdle caused dilation
of the capdlary with such marked tnerease in the dsameter of the so eatled
stigmata or capillary pores®™® that they conss tently trapped erythroey tes
In one mstance the film shows a eapsllary with an erythrocyte being ex
truded through a tiny opemsng and pinched into two parts  Sice any m
ury may be ted to release end t this would be the
logmeal explanation of the mcreased capillary permeatulity Howener
Zwerfacht**® wag ynable to obtawn any evidence to establish unequivoeally
the participation of particular substances suck as hr tammme feukotaxine
¢ 1n these vaseular reactions

fach 113 Ly phite showed that the surface of ende
thehat celts normally 13 not sticky He observed no tendency for platelets
1o adhiere to the walls of arterioles or to each other m otberssce normal
mice However t with dles p bly by rel
stamine hepann and pos ibly McGovern 8 spreadmg substance
from mast cells wnttiated va cular dilation and the strckiness with the re
sult that earbon particles o acll as platedets and leukocy tes adhered to
the endothelrarn Fuen the shighte ¢ injury such as that cau ed by gently
Brokang theme othcliutn with mieronecdles wathout touchng the caprilars
Pproduced stickinesq within the capilary just prosimal to the aite of mnta
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tron, more severe wrritation of the ves<el caused stickiess distal o the ite
of the injury When the immediate viemty of a termimal arteriole nas

tensely lated h iy by mjury or gentle rubbmng with the
micronecdles for 30 to 40 sceonds, blood platelets accumulated on the endo
thelium and “adhered to one another forming long strings or chams” within
the arteriole at the site of 1rmtation 1330

Exrogenous Histamine

o

Intradermal 1njection, topieal apphication or other means of exposing
tissues to histamine may provoke capillary reaction and, usually, mereased
permeability of the walls of the myolved capillanies Insestigators in 1910
and 1911 showed that listamme 1njected mtras enously 1nto anesthetized
fonl, cats dogs and monkeys, profoundly reduced blood pressure ¢ Dale
and co worhers (1910, 1918) found that vasoconstriction resulted when
excieed structures of the cat were perfused with histamine, but 1f erythro
cytes or epinephrine were added to the histamine solution before perfuston,
vasodilation was produced 1n these structures ¥ Histamine perfusion of
these structures 1n the mtact, control cats also caused v asodilation ? Florey
and Carlton (1926) mnjected histamme 1nto the saphenous vemn of anesthe
tized cats, and they observed the dilation of mesentenic capillaries and
venules and the opeming of collapsed mesenterie capillaries 7 They el
obscrved that the removal of & piece of the mesentery was followed by con
striction of 1ts venules and, when pitwitrin was applied to the omentum that
had capillanies fully dilated by the histamine the eapillarics defimtely
constricted Sumlar effects of histamme were observed by Rich (1921) who
found that injectron of histamme produced local dilation of small artersoles
capillaries and venules 1n the mesentery of anesthctized eats 76 He also ob
served “new capillaries’ opening up m the omentum as a result of the
Jected histarmine

Topieal application of weak solutions of histamine have been shown to
be very effective 1 causing vasodilation and mcreased permeability
Carrier (1922) demonstrated dration of the capillaries m normal human
subjects with necelerated capillary flow accompanied by edema following
applications of histamme that were diluted 1 1000 1 5000 and 1 10000
to the base of the finger nail’ © Feldberg (1927) and Flatow (1929) apphed
Tistamine to the rabbit's ear and ob erved dilation and opening up of new
capiflaries 7

Fndogenous Histamine

Rocha ¢ Silva (1953) states than many ob ervers have shown that 1n
<ensttized animals antigen injury pros okes platelet re ponse in eapllaries
simular to that following microtrauma and that this reaction apparently
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18 connceted w1th the iberatron of i t1mmne ind heparn from hepatie cells
m the dog '3 Rocha e Sihvat s connecting the abave effect of microtraum~
and ntigen injury with hberation of lu tamine appears to be very logreal,
but does not preclude the po tahity that adenyle acid whieh 1s released
by tissuc 1njury and enu ¢s artenolar dilation ! may play 4 part However
with an abundance of mast eclls within the adpacent connective fr we nd
the pre cnce of blood platelets whieh Dale (1906) behcves eont un great
amounts of h1 tamine mn the rabbit but none 1 the hor ¢ 81t would hardly
be neces ary to look to the bincr as the source of the aetive listamine and
heparin Spetrs ® extend and n part  upports Rocha ¢ Stlvi tenct by
pomting out th4t antigen ntroduced mto «n stized anmmals, € peerally
when 1t produces anaphylictic reaction  may prosohe therelea e of several
substances mneludin,, heparin bt tamme hsaluronudase, po thly choline
and other active substance  to which many of the ob erved <y mptoms may
he attrbuted

Lewis and colleagues (1927) ncathy  howed that the trple re ponse and
whealing arc direethy dependent on merea ed eprilary permeability ¥
These mscstigators found that if after irre ting the circulation by com
presion the meenamreal timulus was applied to the kin wheahing failed
to develop as lon,, s the crreulation was prevented but as oon as the
blood was 1lfowed to flow the triple re pon ¢ mmeditely appeared

Reference hts repe ttedly been mide m this review to various ts pes of
experiments which show that injury 1rritation or almost any form of dis
turbance of Iiving tis ue will provoke the rdey e of i tamime eapiliary
dilation and merer ed epillary permeabality 1 Iiboratory ammnls and
man Beeau ¢ m many ways endogenous and exo,cnous histamme pro
duce simdar or even 1dentscal results 2«10 o0 called crous mflammation
and whealing 8 4 doubt 1sru ed concerning the practicability of trying to
consder cxogenous and endogenous hr tamine epirately Thrs distmetion
usually 1s readily made 1n expernmental work When 1t 1s apphed to m ect
Wites and stings or to contnct with pot onous or allergic plants or other
4gents 1t 19 often difficult to determme whether the offensive histamine w as
Wt odueed mto the t1 suc or relea «d withim the trssues by the introdueed

ubstapee e ¢ formie acrd m bee ting The demen tration of con 1derable
amount of histamme 1n nettles lamb  quarter tomatoes spinach (05
mg/gingrovning ced uptol34m, ginflowersof over wintered plants)
and other plants®* may add to this confu 10n

INFLAMMATORY I ROCESSES

The unmiyer ) pre ence of merea ed capillary permebility 1 mflamed
U sues and mn tho e undergomg anslowd degencration 1s attributed by
Lemis (1927) to the pre ence of i tamine and “or its related H substance 5
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tion, more severe wntation of the vessel caused stichiness distal to the ite
of the mjury When the immediate vicamty of a terminal artenole was
mtensely stimulated mechaneally by mjury or gentle rubbing with the
microncedles for 30 to 40 <econds, blood platelets accumulated on the endo
thelium and “adhered to one another forming long strings or choins” withn
the arteriole at the site of irntatron 1139

Ezxogenous Hristamine

Intradermal mjection, topical appheation or other means of exposing
tissues to histamine may provohe capillary reaction and, usually, 1nereaced
permeability of the walls of the mvolved capillaries Investigators in 1910
and 1911 showed that listamme 1jected intrasenously 1nto anesthetized
fowl, cats, dogs and monkeys, profoundly reduced blood pressure ™ Dale
and co worhers (1910, 1918) found that +asoconstriction resulted when
exersed structures of the cat were perfused with histamme, but 1if erythro
cytes or epinephrime were added to the histamine solution before periu 100,
vasodilation was produced mn these structures *® Histamine perfusion of
these structures 1n the mtact control cats al<o caused vasodilation ™ Florey
and Carlton (1926) 1njected histamme 1nto the saphenous veimn of anesthe
t1zed eats and they ob erved the dilation of mesenteric capillaries and
venules and the opening of collapsed me<enterie capillaries 7 They al ©
obsersed that the removal of a piece of the mesentery was followed by con
striction of 1ts venules and when pitwitrin was applied to the omentum that
had captllaries fully dilated by the histamme the capulanes defintely
constricted Similar effects of histamine were observed by Rich (1921) who
found that injection of histamme produced local dilation of small arterioles,
capillarics and venules 1n the mesentery of anesthetized cats ™ He also ob
served “new capillaries” opening up in the omentum 2s a result of the
jected histamine

Topreal applieation of weak <olutions of histimine have been shown to
be very cffective 1n causing vasodilation and 1nereased permeability
Carner (1922) demonstrated dilation of the capillanes n normal human
subjects with aceclerated caprllary flow accompanied by edema following
apphications of histamme that were diluted 1 1000 1 5000 and 1 10000
to the base of the finger nail ¢ Feldberg (1927) and Flatow (1929) apphed
ietamine to the rabbit s ear and obsery ed dilation and opening up of new
capillaries 7®

Endogenous Histamine

Rocha ¢ Silva (1953) ~tates than many ob ervers hase shown that mn
<ensitized ammals antigen injury pros ohes platelet respon ¢ n capllaries
sumilar to that followmg microtrauma and thit this reaction apparently
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It ted them a« rubor ealor tumor and dolor,  terminology and equence
of evente which time has nat altered ® * #2 €8 Both rubor (er thema)
and ealor (heat) are duc to Inperama tumor ( welling) and dolor (pam)
are the re ult of merca od eapillamy pumeability® ¥ €38 8% qnd re ultant
pre ure ™

‘The phy 10logteal chinges which local eirculation undergoe 1 an in
flamed arcn were reeognizad and  tre ed by Colnherm Samuel and
Virchow Samuel m 1873 recorded his behief that ehanges m the walls of
the ¢ blood ves tls give ongin to the exudate wlieh forms the flud m
ewudative edema 8 Howeser Cohnheim (1866 and later) paved the way
for further expcrimental mterpretation of inflammatery proce es®* and
edematous relation

Ehrich ™ briefly summarized the theone on the mode of orin of 1
flammation from humeral to va cular and phagocy tic concept  He sup
ports the tenet that mflammntion mayv be regarded as 4 di turbance m
homeo ta 1 provohed at least 1n part by t1 ue tnjury and the release
of histamine Lewis (1924 1927) results support Ehrich s conclusions by
Indicating that ery thema following ultrasiolet 1< ¢t ed by the relea ¢ of
bt tamine within the shin *¢ Ellinger (1928 1930} belieyves that ultraviolet
andx wrradiations cau e annerea ¢ 1n hy tanune m the shin by katlig <ome
cells and by d posing h1 tidine ph 1 ally *° Ehrich (1903) al o
tates that Raes le belicves that in tead of the yaseular reaction being an
¢ ential part of inflammntion 1t may be con idercd as an  auxilbar
mechan m’ which has the function of aceclerating remov al of the eau ¢ of
the mflammatron %

Although Roe sle s explanation 1s quite tenable hy peremia and mercased
capitlary permeability will probably rematn the most significant character
1 tie for the recognition of inflammatory proce e Ungar ' 1n his plea for
Some measure of agreement on the defimtion of inflammation  tresses the
tea that mflammation 1 primanly a va cular re pon ¢ Dorland * tite
that mflammation 15 characterized lustologieally by hyperemia  ta<

changes m the blood and walls of the small ve scls and by various exuda
trons *

Wast Cell Relattons

A number of patholog ts have recorded the pre ence of mast cells m m
flammation and tate that they may be e pectally numerou during chrome
inflammation % Many 1mve tigator have noted that the den v of the
mast cell population 15 directy related to the proxinuty of mall blood
Ve els and that this relation 15 commonly demon trated by aggregations
ol ma ¢ colls around <mall ve els87 2 &7 Ths arrangement mas be a
form of reciprocity 1 w huch the ma t cells recen ¢ needed ub tances from
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Ineidentally, Lewis Ho substance 16 now known to be histamne ® That
histanne 1s eapable of inercasing eapillary permeability 1s well establ hed
wd 1t hs been shown that <erotontn redensed from mast colls 1s very potent
as an cdema producing, yent

There are eartun fretors which mulitate agunst pre catmg clear cut
indubit 1ble (vadenee to <how the cxtent to which ma t cell are o ouree of
the histamme serotonin wnd/or other <ubstances concerned with hyvper
en, inereased eapillary permeability local tis ue reaction and eon cquent
changes cccurring 1n tnflammatory proces es Newertheless, there 1s ample
proof that h1 tamune erther endogenous or exogenous, will provohe hvper
amin and mercased eapillary permeability that the ¢ two phenomena pla
a sigmficant part m mwfammators proce es and that mast cells contam
relatnely large quantities of releasable histanune and are almo t unner
«ally pre ent n the connective trsues of normal structurcs ! 1% and
commonly occur at the <ite of loeal mnfl tion 64 5 It hh1s repeated]
been shown tht tho intradermal mjection of a minute ( 1to 1 or 2 million
parts™ ) concentrition of histanunc speedily produces the triple respon ¢
(15 to 3 mmutes™ ) and the four cardinal signs of mflammaton®
Nevertheless Ungar (1853) belteves that this renction does not prose that
Instamine 1s the only mediator of the inflammnatory reaction,*™ but that it
nught be attmbuted to 1 more fundamental proce s ' of which hn tamme
release could be merely meidental 194

A series of concepts relatiy e to the relation of conneetis e tissue meluding
1t~ aetive fibroblists mast cell content and pround substance, to the onset
and support of inflammnatory proces e lend significance to the importance
of the part plaved by HA n particular and to the products of mucopoly»ie
chande (MPs) metabolism 1n general 1n these proce es The opimon ht
been expres ed that loo e connectrie t1 sue 1= 1 primary «ite of mflamma
t1on#%° and the chief site of mast eell formation 873 #

Tnereasing, mterest 15 being hown m the part played by HA whicl
thought to be derived from ma t cell 4 i mamtainig normal captllary
permeabihity by digradation of tht MPS Recent work <hows that the
mode of action of cortl onec and certain other ant1 phlog: tic adrenocortical
hormones 15 to praducc increa ed capillary re 1 tance whieh ts effected
chiefly by suppre sing the actnaty of hyaluronida ¢ 2 ¢ The ¢ and other
ob ervations on the ¥ xomoter effcets of I tumine and erotonin and the
agnificance of ma t cells 1 the probable ource of the ¢ sub tance cer
tamnly warrnt further consideration

Capilary Dilation
Cd us (20 BC to 45 AD) clewrly recognized the four cardmal igns

of nflammition® 9 qnd 1 the absence of anv hnowledge of camllarie
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of 1 sue damage that 1 ca ed chiefly by repested ept odes of neerosis
of alternnting degeneratn ¢ and prohiferntive ehnnges 5 epeaially m aller
gic or rheumatie reactrons ¥ The mstinting agent releascs histamine and
depletes the re went mact cell~ of the normal t1 sue The rilease of husta
e 1s spcedily follow ed by the scquenec of Iy peremin wmereased capiliar
vermeability protein Jeahage marhed edams ang staais These stages sre
generally recogmzed and bas e been confirmed by us as bemg conducne to
mastoes togent 1» as well as masen Iy other evodate cells As ehiron
1ty develops 1aseulanty and edems progres nely decreace while mast
cells nerease m numbers % Apparently the condition of stasts and early
neero 18 strmudates getinaty of the progemtor cell to salvage certaw com
ponents from the exudate and retan them as granules Thereby the e stem
cells differentinte mto mast cells

BISTAMINE IV ALLFRGY

Unquestsonably histamine plavs an ymportant part in the mitiation or
s 2 concomtant of all allergie reactions Its mode of action as related to
ether factors 18 contron ermial The sigmfieance of the mast cell m allergeme
Teactions s chiefly that it 1s a rich and revdhily avanl+ible source of hustamne
especially an the slan where these cells doubtless plg s very sigoficant
vole 1n dermographi m and genera) urticanal dewon trations Several i
Sestrgators have shown that mast cells wre prabably the chief ouree of the
hastamine which 1s generally conceded to be directh re ponsible for imtiat
g Jocal hypererma that results m the formation of welts hises wheals

and <o on which mzy be diagno od as urtrearta 1 one or morc of 1ts mangy
forms

Hypersensititaty

Fmlure of snactis ation or sudden reley ¢ of In tunme constitutes a most
mportant factor i allergie or hyper cn itn e rexctions and anaphylaus
Dragsteds (1845) revicued the hiterature on the evidence for and agamst
hictanune besng related to wnaphylaa 9% He conchaded that Wstamne
plays nsrgmficant part in anaphy Jactie re setions but that the tacchansm af
sts relence 1s not understood A number of wnters sub enibe to the idea that
the eau ¢ of acute anaphyloas s the udden hberation of lnstavune or
histamime Bhe substances from the i ues as a result of the shoching dose
of antigen 9% Sehachter {19531 <howed eonclusiely that the release of
bitamme 15 8 igmficant factor w the toxieclogy of aeante anaphy lache
resction n the rabbat »* The uggestton that Ju tamine 1 myohied
o t 3f not 2l resctions of ub tances that provohe hyperergic snflamma
tions 1 supported by Rocha e Stiva ¢*7 <tatement that the contraction of
Bumea psg aleum produced by a prepartion of rat anaphylatoxin 15 al o



180 LYMPHOCITES AND MA4ST CELLS

the blood stream, and the blood stream recen es heparin, listamine and/or
other substances from the mast cells

It hns been observed that prolonged inflummatory conditions that are
favorable for mcrensin,, the numbers ( mfiltration”) of lymphocy tes and
plastmacytes are alvo favorable for mercasing the number of ma t cells
Further ob ervitions on cxudates suggested that the protein content of
edemn flurd deternunes whether or not the edema flurd will be favorable for
mastocytogene 1~ nd the trinsformation of small 1y mphacy tey nto plas
macytes The protein content of the extrasascular fluid 1s most commonly
related to condrtions that favor the pa age of the large protein molecules
through eamllary walls mto a situation which detams the plasma proten
commonly by the formation of  fibrin network Howerver a part of the
plasma passes on These requirements are met 1n prolonged nflammation
with the added adsantage of the presence of abundant, sirmiar materals
released from cells s 1n delimited neero 1s, under similar errcumstances
of staws Thus transudates or edema flad formed by stasts such as 10
crdiae or renal edema 1n which the flud has the lowest protein content of
all edema flutds'™ and con equently low specific grasity * 1s not fasor
able for either mastocy togeness or plasmacy togene 18

The fixing and staming procedures th1t are used routinely by patholog: ts
and many other students of mflammatory processes usually destroy the
mast ccll granules 5% 3 8 Thus the most reliable ehiaracteristie for
1dentify ing thum s lost Another point 1s that some 1ns estigators reeogmzed
an merease 1n the number of mast cells and tissue damage whieh was at
tnbuted to repeated ep1 odes of neerosis’ n chronie inflanunators proe
csses 99 However mast cells were considered to be merely a type of 1n
filtrating cell and to have an unknown purpo e $33 673

Stemmler (1921) obserycd that the norml populition of mast celle1s rc
duced m acute mflammation as well a 1n granulation t1 sue but that the
number mnereases  whereser mature t sue 15 bang formed ¥ This ob
cervation supports the contcntion that the resrdent ma ¢ cell population
15 deeimated early m acute mnflammnatory proce es 1 re pon e to the de
mand for or othern: e provohed relez ¢ of hi tammne 2nd that no ne»
mast cells are formed untit a ufficiently favorable exudite 1~ provided
Halpern3® states that all of the phenomena produced by mjection of (g2
wlhite areborrowed by the typical inflamm itory le ton  Thrs <t atument 1
very gmificant 1o upport of the idea that ma t cclls play an important
part i inflammation beeause mjcetion of eggwhite or ovomuem e peernlly
into rate, provohes lvsis of ma t cells and Itberates quantities of hr th
Jine 6 91 869 898
“The mast cell population 1s reduced 1n acute inflammation !
mereascd m chrome nflammation 1n which there 1s an apprcciable amount

613 668 gt
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due to release of listamine from the 150lated organ’ Sehild®™ <cts forth
data to support hus tenet that the rclease of histamine play < about the sume
role i allergie asthma of man as 1t does 1n anaphylis of gumnes pi,

Contranly Code (1944) behieved that hestumimne 15 not the fundamental
factor m allergic 1eactions and anaphy lnxss 41 He states that the hberation
of histamine 1s merely meidental to cell damage whiel 15 of prmary
portance 1 mstigitmg the ¢ revetions Lleven years later he! ¥ amphfied
this tenet somewhat by stating that the major portion of the n tumme
oceurs 1n the serum which fieilitates 1ts retnaty, instead of being pre entan
the wiitc ecll Urbach and Gottlieh!0* feel that the a umption that the
substances which are w unlly accorded the role of in tigator uchas acetyl
choline ind histumine are not the evuee but the result of antigen antibody
reetrons Spars”™  believes that the co imophiha whieh follows 2ntigen
antibody reactions 1pparentiy 1~ not cau ed by It tumine heparm )

aluronida e or choline Urbch and Gottheb!™* point out th it nesther blood
nor tissuc co mophilit per se 1s conclusive evidence that an nllergy evt t

They add that lergles may be a re ult of meret ed stunulation of pary

~vmpathctie nerves and pomt to the f1ct that parisy mpathetre stimulating
drugs  favor allergization or tend to prolong an ewisting hy per cn itie
ness  Also a diet low 1 weorbie 1cid has been considered to be conduene
to allergtes 1 both man 4nd mammals 1% I t umine 1s probahbly not the
<ubstance re pon ible for hockh ¢ven mn wmmals myected with H ub

~tance ® and probably 1s not the primary factor m triumatie <hock #°
Dragstedt (1945) expresses the conecnsus by stating that although o tr

mine 1 2 defimtc fictor i anaphtlais no onc appear to under tand the
mcchant m which redea ¢ 1t 1014

Wlergic Response

Perhaps the most plau 1ble concept of anaphylaxis1 that upge ted Iy
Urbach and Cotthieb 4% They eiting the works of Code (1944) W endt
(1939) and others rejeet the caplanition that anaphvivas s the re sult o}
4 simple It tamine intoxication  1s bang madequate Thiey <tate thit ana
phy lais 1s the result of 2 erics of intcractions of 1 number of biologie lly
active substances of differcnit ¢3pes of tissue product  ueh as choline
epinephnine hustamine and others which affcet the chetmenl regul iion
of the autonomie (flectar oigan and the autonomie nerve 4%

It 15 suppo ¢d chiefly upon mdircet or crrcum tantiil ¢videnet that
Tewis trple re pon ¢ (charactetized by a red Line flare nd whelt
10 ect bites 1rritants wnd varous other forms of loeal dimage to the hin
hiberate bt tamune ® Lewr (1927) thought that his triple re poit ¢ 1
identieal nith the rection re ulting from intr wlermal injeetion of bt

mme which cau ¢s the local dalation of caprllaries and artcrioles with
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the ¢ cape of protesn nich fuid 1245 Rothman®® points out that there 13 now
avattable sufficient evidence to show that Lewis ‘ H substance 1s actually
histamme 7 Rafey? £ aptly attnbutes the ease with which this tnple
response  may be cheted 1 urticana pigmentosa skin lestons 1 man to
the fact that lestons of this hind conehifute a type of “shock organ which
15 ‘neh m mast cells and thus capable of releasing & quantity of hsta
e upon the least provocation Contranly Perry™ beheves that the
lustamine responsible for the triple response does not come from mast
celle This statement would be rather difficult fo prove or disprove ex

penmentally but w the hight of the hnown mast cclt content of hy tamine
10 human and other shin 1 #9! 7 L3¢ 15 open to considerable shepticism

‘There 18 probably a defimte disturbance 1 the water balance and m

cortatn enzymie cycles dumng the course of allergie di eases There are
neonstetent and non character: tic alteratsons in the chemical components
of the blood particularly with regard to amind acids calesum cholesterol

hlond phosphorus and content 1® Rysh and
collaborators (1938) found that the serum potassium 1 slues were definitely
Jugher m urticana (23 4 mg/100 mY) m acute ssthmatic attacks (244
mg/100 ml) and in the asymptomatic pertod in bronchial asthma (236
wg/160 ml) than mn healthy human subjects (195 mg/100 ml) % Eps

nephrsne produced rebief in these patients but 1t €1d not mpmficantly alter
the cerum potassium level Vartous i estigators have found that the blood
Inctamune fevel 15 lugher 1n asthmaties than m normai mdividuals 10%
Nevertheless Ro ¢ (1054) ponts out that the relea e of lustasmine 1s not
the sole cause of asthmatie symptoms #%

Histanane tn Shoch

The part played by histamine m several types of <hock 15 not clearly
detaonctrated Especaally m man the course of shock 33 not constant but
may be strhangly diversified ®9 1 ung emphy<ema i certam human eases
and m guinea pigs Iiver congestion wiich 1s common in dogs or senpus
congestion exnsed by the dilation of the right heart as m the mbbt are
effects of anaphy laxss 8% Since <hoch » a condition of acute penpheral
eirculatory fatlure <32 there are grounds for suspecting that by tamme 18
either assoctated with the cauce of shock wm certamn types or with the
effects of shack n tho e types not othernt ¢ explamned Thus histamme
may be associated with but posetbly not the eauce of primary shock
Also 1t 15 concervable that factors ather than neural or histaminie may be
responnible 1 certain types of shoch Briefly shoch supervenes whenever
& sufierent amount of blood pla ma = lost from the eirculation wsually
by pooling hemorrhage or tran udation

Halpern™ states that the mtraperitoncal adoum tration of a histamne
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{ions, vhich 13 accompanted by potassium and pR chonges Aadosss of n
{rapsitery nature has been observed e both annmals end men followimng
a vattety of systemme stressars weluding anoaa burar eleetro sheel,
“gravity shoch’ and medieal shock ' However, nothing 1s sard abaut
mast cells as a source of the histamine that 1s Lnown to be released w re
lation to some of the<e conditions especially burns ¢ and the resuliant
d capillacy p bahity Menkin® shows that, with few etpen

mentally produced exceptions m dogs stmilar changes take place in the
mftarmatory process Other muestigators®®’ & €2 have recorded con
comitant changes mn local mast eell populattons but nerther mast cells
ror metachromastn 13 licted 1 the index of exther Selyes® or Menhm's®
monograph

Mongar and Sehsld {1822) pornt out several ways i wiich the effects
of anaphylaxis and cerfamn aumple chemieal bases are sumlar in releasiag
histamine but that therr mode of effecting the release of histamme dif
fere ®*¢ Rense®* maintamns that anaphs laxs 1s due to the release of usta
rame Parrot {1942) and Mongar and Schild {1955) believe that in ana
phylas the release of histarmne 1s & process that regquires energy and
that 3% may be bloched by Vanous metabolic mhibitors weluding odoace
tate or lack of oxygen % Honever chemies! releasers such as acety lamine
ot compound 48/80 do not require the provision of energy bul are actt
vated by wdoacetate or the lach of oxygen s shown by minced lung of
gumea pgs wn vafro 804

Wilander™® jcolated suffictent smounts of heparm from the plasma of
dogs sn peptone shock to account for the weoagulability of the blood 1
anaphyfactic or peptone «hock He reported that protamne completely
allayed the anticoagulant effect of the hepann m the dogs He beheves
that the mast cells during shock empty their granular contents mto the
blood and that blood elotting was not inhibited 1 hepatectormzed dogs
but that shock plasma recovered aiter bemng pas ed through the 1solated
lnver mdubited coagulation

Anstimine druge operate by competing with lustamine for the normal
histamine receptive sites By this means antristamines prevent the ap
Pearanee of Instaromse effeets *97 Such a sunple explavation of hustamine
antagenism may be v ahd for some but not all histammne sntagomists be
cause these substances are alvo histamme releasers and many of them
when used 1n concentrations sufficient to antagonize anaphy laxis of smooth
musele md dently produce a bronch 1ctor ctran whtch reduces
thetr effeetr eness m treating brancital asthma 504 Symilar effects of antr
hugt drugs on } which produced anaphy Isetic contraction of
smooth muscle have been explamed as & phase of the contraction winch is
ot antagonized by the antthistamine 42
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hberator (dextran, 30 mg/100 g) to adrenalectomzed rats, provoked severe
dyspnea, prostration with acute vascular collapse and death of all the
anmmals within 20 minutes Ovomucord (1 mg N/100 g) produced similar
symptoms, but the rats lived a maximum of 2 hours Intravenous m
Jection of these histamine hberators greatly increased their tovicity
Helpern concluded that the basic and major disturbance produced by the
administration of dextran or ovomucord 1s “damage of the small blood
vessels, which 1s reflected by an increase n capillary permeability” that re
sults n the formation of a charactenstic edema which has s high protem
content and 1 severe hemoconcentration He further ndicated that hista
minic action was mvolved by finding that edema and almost all the symp
toms caused by dextran ean be prevented 1n intact rats by mjection of
the synthetic antihistammne promethazine or Phenergan Benmnati and
Patetta®” found that Benadryl protected ammals aganst lethal hita
mine shock but not aganst peptone shock

Glenn Gulbert and Drimker (1943) found that expenimental burns of the
foot, provoked the escape nto the tissues of quantities of plasma which
approximated a third of the total volume of blood %63 Such conditions of
shock certainly indicate the current concept of histamimic actvity and
probably involve heparmn as well However the work of Rowley and
Benditt®® indicates that serotonin plays an important part as a causative
agent n cases of profound edema especially 1f mast cell damage 15 1% olved
as would be expected n extensive shin burns In the case of the exper
mental burns of the foot cutaneous and subcutanecus mast cells would be
expected to release relatively large quantities of histamme and hepann
Incidentally the fact that decreased coagulability of the blood 13 one of
the functional effects of shock,®® suggests mercased release of hepann, 8
fact which has been venfied 1n dogs anesthetized with Dial + agotomized
and njected intravenously with peptone 3¢

Histamme shock 15 thought to differ from anaphylactic shock in the
absence of the reduced body temperature and 1n mecrea<ed blood coagula
tion time, both of which are characteristic symptoms of anaphylactic
<hoch 1948 A marked mcrease mn coagulation time was observed n 4
gunea pigs kalled while 1n profound anaphylactie shoch produced by hor<e
erum 3% Also 1t 1s stated that argimne prevents the lethal effects of ad
ministered histamimne but not of anaphylactic shock whereas hepann
inhibits anaphy laxis but 1s incapable of inhibiting histamine shoch 1048

Rocha ¢ Silva (1947) pre ents another complication by pointing out
that m anaphy lactoid conditions fibrinolysin releases histamine and hep
arm from ecll ®  but it 15 not clear whether or not mast cells arc
included Sclye®  notes that various stresses alter the water balance
chiefly by disturbing the intracellular proten mtercellular sodum rela
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tions, whieh i3 accompanted by potassium and pH changes Acrdosis of a
{ransitory pature has been obeerted m both antmals and oen followang
8 vanety of systemic stressors, mcluding anovia burns  electro shock,
‘ gravity shoel’ and “medical shock / ©2 Horvever, nothing 1s said ahout
mast cells as a source of the istamime that 1s hkno™n to be relea ed m re
lation to some of these conditions e pecially burng % and the resultant
merewsed capillary permeability Menkan® shows that, with few expen
mentally produced evceptions wn dogs, smmilar changes take place i the
wflammatory procecs Other imyestigators ¥ 834 683 have recorded con
comitant changes 1n Jocal mast eudl populations, but neher mast cells
nor metachromasia is Iited in the index of etther Sely 's%™ or Menkim s%°
monograph

Mongar and Schnld (1902} pont out several ways in v hich the effects
of anaphylaxis and certain simple chemeal baces are suzular wm releasing
ictarmne, but that thetr mode of effecting the release of histamme dif-
fers %% Reu €% maintains that anaphylaxis 19 due to the release of hsta
mme Parrot {1942), and Viongar and Sehild {1905} beliese that in ana
phylaus the release of ustamne 13 o procese that requires energy and
that 1t may be blocked by varous metabolic inhibrtors ncluding r10doace
tate or lack of oty gen % However chemeal releasers such as acetylamme
or compotind 48/80 do not require the pro 1<ton of energy but are actt
tvated by jodoacetste or the lack of oxygen as shown by manced hung of
gurea pigs in vitro 04

Wilander'®9 psolated suffi of heparmn from the plasma of
dogs 1n peptone shock to account for the weoagulability of the blood m
anaphylactie or peptone shock He reported that protamme completely
allayed the anticoagulant effect of the hepann in the dogs He bebeves
that the mast cells duning shoch empty thetr granular content tto the
bleod and that blood clotting was not mhibited mn hepatectommzed dogs
but that ehock pla ma recovered after bemg pas ed through the 1colated
Iiver mhibited coagulation

Antihistimane drugs operate by competing with stamime for the normat
histarnme receptive st s By this means antihy tamines prevent the ap
Pearance of histamime effects 497 Such s sumple explanation of hictamime
antagentem may be valid for some but not all, histammmne antagonists be
cauce the e sub tances are akbo histamine releasers and many of them
when used sn concentrations “ufficent to antagonze anaphy laxis of smooth
musele 1ndependently produce a bronchoconstnictor action which reduees
thewr effects ences 1 treating bronehia} asthma %4 Similar effects of anty
nstamwe drugs on by {amine shich produced anaphylactic contraction of
#mooth muscie have been explamned as 2 pha e of the contraction which s
1ot antagonized by the antinetammne 913
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Martin and collengues (1949) reported that flavonord compounds ef
feotrvely inhibited histidime decarboylase in tissue cultures 7 This result
probably led them to suggest that the anti anaphylactic effect of the
flavonoid compounds used 15 the result of the abihity of these compounds to
prevent the formation of histamine from histidine by ihibiting the enzyme
decarboxy lase

Histaminopexy

Histammne fixatton by experimental methods 1s » comparatrely unde
veloped field Theorctically at least 1t should be possible to inject Jocally,
mtravenously or intraperitoneally <ome substance which would prevent
the release of, or nacti ate, tberated histamine by binding 1t 1n some way
to molecules 1n the plasma, tissues and/or to a substance included the
njection

The 1dea of histaminopexy loses <omte of 1ts aspects of impossibility when
viewed as a rever<al of histamine release processes 1n which loosely bound
inactive histamine®? 570 194 15 activated It 15 not hnown whether this
prieiple would be applicable to endogenous histamine, because exogenous
Instamine 1s not mcorporated by cells Nevertheless, Laborde, Parrott and
Urquia (1953) showed that normal human <erum fixed about one thurd of
the ) e (k dihydrochloride 10 ® and 50 per cent
dialyzed human serum) m a solution but that sera from most allergie
patients showed no reduction m activity of the hstamne by the <cra
as mdcated by the guinea pig 1leum test ™ Parrot and Laborde™ found
that the listaminopexic activity of <era was controlled to a significant ex
tent by adrenocortical and adenohy pophysial hormones, and was reactl
vated by cortisone

The statement that anti histamime drugs operate by bloching the
response of receptors to the stimulating cffect of free histamine®* suggests
that the beneficial results of these drugs 1s not due to their listamimnopexic
actmaty

Bloschho®® beliees that hberated histamine exerts 1ts brological action
after passing from the eirculating and tissue fluids by again besng bound
to specifically histamine <ensttrve patches on the effeetor cells surfaces
If this 13 proved to be the mode by which endogenous histamine operates In
allergic reactions then any practical means of desensitizing these hista
rmine sensitnve cell surface patches or to cause them to repel the nvading
histamine would certaimnly be well worth considermg for use in prophy
lactic or therapeutic treatment

A rather novel 1dea of a contributing factor mn lustamme control 1s set
forth by Parrot and Laborde 7 The e authors deseribe a histaminopexic
ke substance which subsequent to removal by dialysis
exic albumin hinked serum fraction (Fraction v

gaimma globuin It
of an ant1 listaminop
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of E J Cohn), reduced the lustammne actisity of nermal human serum
about 33 per cent and was at least equally effectise on normal sera of the
cat, dog gunea pig (average of 10, 30.2 per cent) mouse and rat (average
of 8 387 per cent) However, this histamne fiving .ubstance faded to
bind any of the histamme n the sera from most of 51 allergic patrents
who were suffering from asthma angioncurotie edema chronie arthritis
eczema, duodenal or exudative and gastrie uleers hay fever, migrane,
rheumatic fever or tuberculasis exudative ¥ Parrot (1955) <howed that
adreptlectomy deprived rats of thie hustapunopevie substance, but that
1 was restored by the admmstration of cortisone *®® ind that defierency
of accorbre acid also deprns ed serum of 1ts lnstaminopexie action ¢

Reu 81 believes that the benefiral effects of antt histammne 1n ana
phylaxis are the result of the e drugs inhibiting  the effccts of hberated
hestamne on effectors ’ as 15 wndieated by musele tissue m 2atro Ungar'o$s
cautions that there is a4 possibility that proteose activation and histamine
releace are parallel phenomena that are due to & common canse, even
though 1t 1s known that anhibttion of protcolysis suppre ses the release of
I tamme 102

CORTICOSTEROQIDS

At least 29 cortico teroids have been identified mn estracts of the
adrenal cortex, but only about six of the e have been hown to be actrve 10 ¢
Ellinton and Danos k1 7 _how that adrenocorticil steroids m excess
gnerally disturb the body fluid balance by causing sodwm retention and
potassium defierts it d by other t changes 1 the salt
water balance sugar ome and other body fluid disturbances However
very little or no consrderation 1s gaven to histamine

Adrenocorticotrapt, hormone (ACTH) cortisone and eptephrine (all
ant1 phlogistic hormones of Selve?  are antagonistic to hstemime These
substances decren ¢ capullary permeability and the formation of nflam
matory exudate Howerer DOC {compound § desoxytorticosterone Des
oXylortone} and DOCA (DCA  desoxycorticosterone acitate or pro
phlog: tie hormones of delye) bke histamine cause eaprlary dilation
merea ed permeability and incre: ed exudate and thus either have no
effect on or actually favor histaminic action Corticone either admms
tered to or produced within the animal following the admimstration of
ACTH s thought ta be conterted mto hy drovorttsone within the body be
fore 1t becomes phy siologreally active ®

ACTH (Adrenocorticotropic Hormone)
Y15 generally conceded that ACTH which 15 an antenor by pophy scal
Ormone and cortisone haye nearly identical effects because ACTH acts
by stimulating the adrenal cortex to produce corticosteroids, espeeally
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cortisone 3% Conn and co worhers (1931) have indieated ndirectly that
ACTH admimstration produces 17 hy droxy corticosterone (compound F)
as the mediator of 1ts action 92 Menkin®? shows that numerous mvest
gators have found that ACTH 15 as effective 1 suppressimg increa ed
capitlary permeabihty in mnf tion 1 adrenalectomzed rats as it s
in normal rats He 15 convinced that ACTH acts directly 1n decreasing
permeability of the eapillanies by suppressing the action of exudin Men
km®® further supports the 1dea that these two hormones have different
effects by stating that ACTH has no effect on leukotaxin induced dia
pedesis, but represses the effects of cxudin 1 produeing increased capillary
permeability, corticone has no effect on exudin, but mhibits the drapedess
ACTH 1 excess has been found to induce frechling and pigmentation
smlar to that oceurring 1m Addison’s disease, but excessnve docage of
corticone does not produce this effect ™ Other less clear cut differences
1n the effects of ACTH and cortisone have been reported

Cortisone
"The ¢hief basts for the carly recogmtion of corticone as a ‘wonder drug

for the treatment of various conditions that mvolve capillary hyper
energy may be attributed to its abihity to decreasc capillary permeabulity
There are sex eral posaible means by which cortisone may decrease capillary
permeability 1 normal as well as 1n histarmne nduced and other ederna
tous conditions Romam®* calls attention to the fact that there are o
merous contradictions 1n the literature on the effects of cortisone on mast
cells Actually the recorded effects range all the way from producing 2
marked 1nerea e in number®?™ to the destruction of mast eells © 3%

EPINEFHRINE AS INITIATOR

Thete 1s the possthility that immediately benefieral effects of cortisone
1 reducing conditions which result from excessive amounts of histamme
“H substance ” leukotaxm and/or similar agents which increa e capillary
permeability may be due to eortisone which increa es the release of
epinephrine which 1n turn constricts arterioles®™ and thus dcereases
capillary dilation and permeabihity by reducing the s olume of blood passing
through the arterioles and precapillaries Selye® suggests that competition
forthe ame amino oxidase sy stem may account for the potentiated pressor
action of epmephrine dervatives 1n controlling hyperemia and permes
bility Howesver, multiple factors i unknown sequence are probably
volved One of these ittle appreciatcd factors may be5 hydroxy tryptamine
ccrotonin Spategift of Freund)® wlich 1s stored m mast cells 6 o76 K4
1n blood platelets®™® and probablv in other cells Tt 15 elaimed that human
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blood contamns about 01 y/ml of erotonin ®*¢ 978 However, 1t appears at
present, that very httle 1s known about the speetfic relations of serotonin
to erther inflammatory hyperumaa or to the effects of either epmephrine or
cortisone on eapmllary permcabibity However, evidence obtamed from
more than onc source “makes 1t very lihely that 5 hydroxytry ptamme 1s
the edema producing agent released by substances which damage ma t
cella? 884

EFFECTS OF CORTISONE

Suveral mvestigators have reported that corticone mnlubits Ieuhotaxm®
and hyaluronidases by forming a complex heparm lipoprotemn whieh acts
asanon pecific antr hyaluronidase With this exception, the mechansm
of the ants phlogistic actron of cortisone appears to mvolve the sulfhydryl
groups *7% Moderately prolonged treatment with cortisone eauses various
metabolic changes, but 1¢ 1s debatable whether polymerization of HA 1s
altered by cortir one HA 1ncreaces the resistance of ground substance to
the spread of inflammation and thereby plays a very mmportant part m

lling the edematous effects of d capillary p bility -1
Thus, 1t appears that enzymic systems may play mmportant roles m hista
;mnc epnephrie control of the motivation of arterioles and their eapil
arles

Cortisone also suppresces the formation of new capllanes as 1o sound
healing! 4%+ 9 gnd 1 the vacculamzation of tumor shin and other
grafis 1 5% Corfisone may have a direct antt mitotie effect 1n shin graft
g 2s well as the commonly recognized ndirect effect by mhbnting the
Process of vasculamzation of the grait °® Apparently the mode of action
of cortisone 1 suppressing capillary growth and permeabihty s through
s antagomsm of istamine This process may be abetted by other sub
stances reported to be active 1n ncreastng capillary permeability m normal
aud inflammatory conditions

Cortisone probably as the hydrochlonide ® 1s 4 potent ants mflamma
tory agent whick 15 supposed to have multaple means of prod g this
effect In fact there are three means by which cortisone suppresses hista
Tnie activity One method 1s by blocking one or more enzyme systems
but the particutar enzyme <ystem blocked 15 unknowm®  Most wnyvest
gators believe that histamune 1s produced by deearboxylation of histidine
by histidine decarboxylase 60 900 1084 Helpern®! states that cortisone
Inhubits the biogenesis of histamime the vulnerable Iink for which would
beht tidine decarbovylase The enzyme histamingse destroys histamine by
eataly2ing 1ts oxidation 577 Cortisone 1s believed to suppress histamine by
wierfering wath its production and by siding n 1ts destruction Halpern®'®
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:dds another perspectine by suggesting that cortisone acts by interfenng
with the metaboltsm of trssue Instanune, more speesfically by preventing the
degradation of the “combined’ form to the * frec ’ Jorm of histamme

Ungur'™ believes that 2 number of antr inflammatory drugs, meluding
cortisone act by mhulatin, the fibrinolytic system e mio as wll as
tn tatro Thus, he concludes that all ant: phlogistic hormones accelerate the
fibrinolysin antt fibrinolysin reaction Zweifach (1953) states that a0
dilatron with 1ts attendant phenomena ean be produced by numerous bio
Jogieal substances many of which arc formed by cells He sees no need
for any proteolytic type of enzymie reaction ™ Thus, 1t Taay be mferred
that there are multiple points other than tho ¢ m the fibrmalytie system
which can be blocked by corticone or other ntr inflammatary substances
to prevent the release of hustamune and/or mereaced permeability of the
termmal vaseular bed

Desozycorticosterones

It 15 often difficult to determine just whieh preparation of DOC was used,
because varable terms and abbreviations are used by different writers
It appears that under comparable conditions the various preparations of
the DOC all properly belong i Sclve s * (1949) group of prophlogishe
hormones, that 15 they ard or stmulate histaminie vasodilation and 11
creased capillary permeability The names of some of these preparations
with their sy nony ms in parentheses asnearly as can be determined, follos
desosy corticosterone (compound 8 {?) Desoxyeortone DO DOC) and
desovy cortico.terone acetate (DCA and DOCA Acetate Deoxycortone
acetate and Percortin—proprietary brands)

DCA 15 the form of DOC most often employed m expermental and
chimeal work In general DCA excrts a more pronounced cftect on certait
specres than on others Although all rats are susceptible to the hy alimzmg
effects of DCA <omc tramns are more susceptible than others, the fow! and
rat apparently represent the species most ensitive to ity hy abmosis pro
ducing cffects ™ This species su ceptibihity may be largely responsible for
the scemmgly contradictory results reported by certam mvestigators

DCA promotes inflammation aurd wound healing apparently as a result
of its phlogistie reactton and thus 1t stimulates the proliferation of hbro
blasts and encourages the depositton of collagen® Apparently the bene
fical effcets of DCA on wound healing and its aggrasating effcets on 1
Aummatory processe are es enhally simlar to the effects of mast cell
products That 15 both mereace eapillary permeabhty and afford sn ade
quate supply of blood borne ub tances that are necessary for the forma
t1on of fibroblasts callagen ccatrieial t1 sue and other fissues euch as

conneetive tissue adnexa, ncural nd vaceular struetures Ths point be
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comes more obvious when 1t 15 recalled that cortrone and ACTH mhibit
mflammation and wound healing by suppre «ing the proce<ses which DCA
and mast cell products promote

Desoxy corticosterone drethylacetate appears to be an exception to the
general rule because this substance 1s slow acting Unhke DOCA Acetate
1t decrea esthe amount of inflammatory exudate 1n eroton o1l granuloma
pouches 1n rats Howeser, 1t was found to be only about 20 to 30 per cent
as potent as hydrocorticone & ®

Percortin a proprietary preparatton of DCA which was available mn
the early 1940 5 has been reported to be ant: inflammatory mn action but
the ant: phlogistic effects of batches of this substance may not have been
due to pure material ®3 This conelusion was further supported by the fact
that the substance in crystalline form obtamed from another source has
‘1o antr inflammatory effects % However conditions of the cxpertment.
may have been <uch that the expected phlogistic results were not obtained
The work of Skelton 7 in which he used antihistamines 1n a futile effort
to antagonize the effects of DOCA Acctate on castrated umlateraily ne
phrectomized salt treated rats supports the results obtained by the use of
Percortin Also he reports that under the conditions of thrs experiment 1t
was found that the b Phenergan B d le and Trimeton
afforded no sigmificant protection to those rats agunst erther the angiotoue
or nephrotrophic effects of DOCA Acetate as seen 1n the heart kdney and
artertoles m the pancreas
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Heparm and Hyaluronic Acid

Evidence that mast cells play an important part i supply ing hy aluronie
acid (HA) as well as heparn, 15 increasing Mast cells appear to be firmly
established as a very important source of heparin 366 00 ¢ 990 1085 1o%t
but the relations of mast cells to HA production are not 5o well estabhiched,
possibly, because work 1n this field 1s very recent The relations of mast
cells to the production of HA, present so many possibilities that it 15 very
difficult to determine just how and to what extent the mast cell 1s v ohved
Histochemical methods are inadequate in deterrmming the ongm of sulfate
free HA because AMPs that contam the sulfate group are usually present
also Nevertheless, 1t appears that mast cells mfluence the production, and
perhaps the activity, of HA Itis possible that mast cells influence HA pro
duetion mdirectly by altering capillary permeability, for certamn mvestiga
tors suggest that connective tissue ground substance and/or synovial flurd
both of which contain HA * *¢ 80 6885 formed by fibroblasts 10 7 1% Oth
ers believe that 1t 1s transferred directly from blood plasma 3 Burhel
(1952) suspected that HA was a prestage form of heparin  Asboe Han
sen-! honever suggests that the mast cell secreted precur or of HA may
resemble hepann

Since hepann 1s an AMP3% 61 990 108 1094 gnd since HA 13 usually
classed as a mucopolysacchanide (MPS), 1 + 6 10 7 the orgin of these two
substances may be more closely related than 1s commonly supposed The
above information indcates that heparmn 1s an anticoagulant which does
not alter the consistency of the vascular endotheli] surface cement film®?
and that HA m solution acts as an important lubricant % The po «ible com
binations of these two factors may be cssential for the optimal performance
of a number of processes

HEPARIN

\fast cells are considered a source of heparin by many nvestigators who
beliey e that 10 most cases therc 1s a correlation betw een the mast cell popu
lation and the heparin content of the tissues®? 67 70 83 800 100 1ot
Homnever other ime tigators fmled to find a correlation between heparin
nd mast cell poptlation in certain organs of rats and rabbite ®*
ns time that mast cells are not the only source of
Behrens and Taubert (1952) extracted heparin ora

192

content o
Suffice 1t to <ay at tl
hepann For mstance,
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biclogieally and phy i}y heparn like substance, from 1solated
mast lenhocytes of the horse 8¢ Charles and Scoit (1933} demonstrated
the presence of heparin v alf tissues which inejuded the blood heart Iner,
tung muscle spleen and thymus but 1t was most abundant i Iner, ung
and muscle which contamed about equal amounts 182 The smdunt present
1n the blood seram was almost peghgible 15¢

1t19 assumed that hepann oceurs 1w the bloed in combimed form and that
‘ihe enstence of {ree hepann 1 normal blood appears to be unbhely / 18
AMota? © coneurs 1 this statement Mouhhouse and Jaques Y8 yvecovered 40
per cent of the hepann added to blood (even when the concentration was
azlow 180 007 mg/100 1t} but were unable to abtawm enough heparn from
the blood of normal eattle dogs and peeple (ta which no hepara had been
added) for an estimation From these it testa they luded that
iree hepann was either absent fram the normal blood of cattle dogs and
Ien or R4S N 4 concentration less than 01 pg/ml
Hepanmn 1s a naturally oceurring rather strongly acid antseoaguiant 33

414 2034 ¥ 13 considered  the most highly 10mzed pols merse substance syn
thesized by the animal body 37 Heparm whach 1s similar to mucortin sut
furic seid 198 1 @ mucopolysacchande (MPS) that contams sulfunc
aeid ¥ The exaet chemieal nature of heparm 1s not known but more than
one ester sutfate group are present and the molecular weight 13 of the order
of 17000 which would make 1t unlikely that the degree of polymenza
tion exeeeds 200 monosaccharide units ¥ In general the actsvity of prep
aratians of heparm 13 related to s ester sulfate content 7 However
commereral preparations of heparin may contamn 10 per cent ipactive poly
sacchande which 13 ey 1 not exclusnely resdue acety Thevosamme
After removang this 10 per cent of 1nactive amime groups by electrophore
513 the remmmang 90 per eent whieh zuntains no acid group vther than sul
furic and urome may be substrtuted with sulfune acid forming spevni
groups of NH~80;H %8¢ The suggestion hes been made that beta bepann
bears the A acetyl groups and that alphe heparm does not contain any of
these acety s %37 Tn general the b are dered AMP t

of wast cell grantles ¢ Jorpes and Bergstrom (1937) pont out that since
the amimo sugar found in punfied heparin mstead of being galactosamine
which 15 charactersstic for chondrostin actually 1s glucosamine shieh 15 a
component of the closely related mucattin  heparm s to be considered a
wucortmpoly sulfure ester ¢ § Sylvent® and MacIntosh®  also state that
tssue mast cells or the granules of mast cells are s source of natne
bepann However Ham® saggests that mast cells are associated with
somnective tissue and that 1t would appear that there 12 some relationshup
betsween hepann mast el granules and sulfated amorphous mtercellular
substance which1snot et elear ssmoe both the mast geanules and the sur

%
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rounding intercellular substances have similar, amorphous sulfated com
ponents Sylven (1951) and lis co workers (1950) showed, by means of
differential extraction, that heparin 1s not within the mast granule, but
merely forms an amorphous, probably protein bound, coating on the surface
of the granule® 7 8

The confirmation of Noback and Montagna’s™3 finding alkaline ghy cero
phosphatase 1 mast cell granules and Wislock1 and co worker st?07 11
finding acid gly cerophosphatase also present n them broadens the possible
field of interrelations and functions of these granules Ham?® doubts if
mast cells are capable of producing enough heparin to maintam the fluxdity
of the blood under normal conditions and suggests that the normal function
of mast granules mght be to maintain the fluidity of the fibrinogen which
has escaped from blood capillaries into the tissues where others ise 1t would
likely undergo gelation

Hepanin 1s a powerful anticoagulant It also protects thrombin from
oxidation by oxygen, but loses this function mn the presence of toluidine
blue 7 Its mode of action m this capacity apparently 15 1n conjunction
with a plasma protein, probably an albumin, to form an antiprothrombin
which inhibits the conversion of prothrombin to thrombin 1% When hepa
rin 1s combmed with some other plasma albumin fraction, 1t may form an
antithrombin mstead of an antiprothrombin, wheh inhibits or pres ents the
action of thrombin upon fibrinogen 193¢ The question of heparm antagoniz
ing the release of histamine anses repeatedly, but 1ts mode of action ap
parently 1s not well understood Dragstedt and co workers (1942), by the
use of antigen proteo<e and trypsin demonstrated that hepann prevents
the release of histamine #7°

There 15 strong evidence that heparin as well as histamine 1s released
from mast cells by histamine hiberators? ¢ 8 1 853 & 7 869 990 10%3 Iy gna
phylaxs and peptone shock the blood 1s incoagulable due supposedly to
large quantities of the anticoagulant heparm which 1s poured mto the
blood under these conditions 416 104% 108 The conclusion that mast cells are
a source of heparin should be correlated with the more recent hiterature
which shows that 2 number of forms of AMP other than hepann nhibit
coagulation and decrease viscosity For example AMPs from the umbihical
cord have been de cribed by Sundberg and co worhers™® as contammng 8
factor that nhibits coagulation before and after treatment with hy aluront

se
daHepnrm was discovered 1n 1916 by McLean, a student of H W How
el139% ¢t and was named by Howell and Holt 1n 1918 °%* 1°% Hepanin ap
pears to be the fir t and most widely accepted phy siologieally active sub
stance attributed to mast cell granules 193 0 1024 Mast cells (presumably
because of the granules) were shown to be chemucally related to muein as
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mucatd degenerating celle” by Raumtz as early os 1883 and were consid
ered by Harnsin 1910 ¢ to elnborate the muemn of the connective tassues 34

Three or poesibly more hmds of hepann are recognized, and varnous
wrsters suggest that dufferent species of 13 alo have duffy hepa
Tins*® #1883 and that the same structure m different speeaes has different
amounts or trengths of hepany 118 %0¢ &3t 100 Thege differences may be
related to the fact that, mn general, the activity of a heparin preparation 1s
related to sts ester sulfate content ns nas shown by the fact ihat a sodium
<alt preparation which was hghly active cantuned 136 per cent of sul
fur s

Another souree of confusion v as reported by Adams wiho found that some
Ppreparations of hepana eastamn suffi t ts of conjugated listamine
to mask the results of the expersment He found that 1 part of acetylusta
mme to 7000 pasts of hepann by weight was ample to confuse the results
of s expeniments ¥

Heparin 13 released from the tissues and blood cells by or during, ana
phylactic shach #1¢ 1948 Compound 48/80 and probably most of the other
histamine bherators hiberate heparm as well as Instunine from mast
celfe 2717 Hepamn moy be muctvated by protems espeeally the
bave ones euch as protammes * 418 30 whaeh may readily combime with
the hezmmx 418 2084

Occurrence of Heparm

The prosence of heponn rather than other orms of AMP 1 the gran
wles of mast cells has not been unequitocally establshed Nevertheless
there 1s ususlly & surprsing correlation between the hepann content and
the mast ccll population of structures * 5 3 9 1% 109 Ty beef hung
whieh 19 an mmportant commereial source of hepann mast cells are nu
merous 1 the parenchyma but are usually large and very pumerons just
under vysceral ploura 3993

Many myestrgatars belsove that mast cel} granules are coated with or
contam and/or scercte heparin 1 %0 ¥ 0 10T W8 byt athers qualify thig
tenet v many ways Torpes Werner and Aborg (1918) conuder mast gran
ules ta be hepann precur ors beeau ¢ the granules etain motachrematically
80d usually are Perodie Acrd Sclaff (PAS) postne i human tr suce®
Despite the mass of codenre mdicating that mast granules are covered
with contamn or actually are hepann Compton®! eautions that proof of
this tenet 14 Iackang, 1 aff and Bloom 77 etate that the metachromatic s
stance Uborated by che granules 13 prosumed ta be hepann or sasac form
of 1t War P72 gatrs that mast eclis probably produce heparm and ke
atttibutes the ha opluba of therr granulea to the sudfate ¢roups present 1
bepann Holmgren and Witander have buen ercdited ith having advanced



194 LIYMPHOCYTES AND MAST CFLLS

rounding ntereellular substances have smmlar, amorphous sulfated com
ponents Sylven (1951) and his co workers (1900) showed, by means of
differentrnl extraction, that hepann 1s not within the mast granule, but
merely forms an wmorphous probably protem bound, coating on the Turface
of the granule ¢ 7 #

The confirmation of Noback and Montagna’s 4 finding alkaline gly cero
phosphata ¢ 1n mast cell granules and Wislock: and co workers!o? 4%
finding 2c1d ly cerophiosphatase al<o present in them, broadens the possible
ficld of interrelations and functions of these granules Ham3* doubts if
mast cells are capable of producing enough hepann to maintam the fludity
of the blood under normal conditrons and suggests that the normal function
of mast granuks might be to maintain the fimdity of the fibrinogen which
has escaped from bleod capllaries into the t sues w here othern1se 1t would
Itkely undergo glatton

Heparn 1s a povnerful anticoagulant It also protects thrombin from
ovidation by oxygen, but loses this function m the preence of tolmdme
blue 77 Its mode of action i this capacity apparently 1s 1n conjunction
with a plasma protemn, probably an albumn to form an antsprothrombin
wineh imhitns the conversion of prothrombin to thrombin ' W hen heps
nn 15 combined with some other plasma albupun fraction, 1t may form an
antithrombmn instead of an antiprothrombin, w hich inhibits or prevents the
action of thrombm upon fibrinogen 194 The question of heparm antagontz
mg the release of histamme arrses repeatedly but 1ts mode of action ap
paruntly 1s not welf understood Dragetedt and co workers (1942) by the
use of antigen proteose and trypsin demonstrated that heparm prevents
the relea e of histarmne 70

There 15 strong evidence that heparin as well as histamne 1s relea od
from mast eells by histamne hibcrators © & 1 853 857 860 900 105 In ana
phylawis and peptone shoch the blood 18 ncoagulable due upposedly t0
large quantitres of the anticoagulant heparin which 1s poured ito the
blood under the e conditions 416 1058 104 The concluston that mast cell> are
4 source of heparmn <hould be correlated with the more recent hterature
which shows that a number of forms of AMP other than heparn, bt
coagulatron and decrease viscosity For example AMPs from the umbtheal
cord have becn desentbed by sundberg and co worhers™® as containng 8
{actor that inhibits coagulation before and aftcr treatment with hyalurons

se
dn}{cpnrm was di covered m 1916 by McLean a student of H W Hon
eIl 303 & ! and was named by How el and Holt tn 1918 %4 195 Heparin ap
pears ta be the firt and most widely accepted phystologically active <ub
stance attributed to mast cell granules 203 500 193¢ \faat cells (pmmmﬂl’?b'
beeau e of the granules) were shown to be cl‘nemxc'nlly related to mucin ‘as
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duct forms “almost a drainpipe leading from liver to blood and thus af
fords “the mo t Iikely route by which heparin gets round into the blood
lends support to the 1dea that much of thns thortcic hepann may have had
1ts ongm 1n mesenteric mast cells 33

It has al<o been suggésted that mast cclls i the =mu es of lymph nodes
may prevent the formation of fibnin and clotting by “discharging their
hepann contarning granules ’ into the sluggichly floning sinus Iymph es
pecially 1 condit. such as lymphademtis ® ¢

Paff Bloom and Reily 7 employ ing ti1sue culture methods, were unable
to confirm Downey s finding that metachromatic granules or other meta
chromatic substance occur 1n the nucleus of cancer cells Thus they do not
support s concluston that metachromatie granules of tumor cells are
derned from the nucleus However i the ¢ toplasm of two well differen
tisted mast eell tumors of dogs they found fine granules that failed to
stan t teally, which they dered to be immature mast gran
ules and large, mature granules w hich were stron,ly metachromatic Thus
they confirmed results reported by Olver Bloom and Mangien®! that
there 13 & correlation betw een the depth of metachromasta and the «ize of
the granules of the mast cells and the amount of heparin contained 1n the
tumor tissue These mnvestigators are reasonably certam that the massve
heparin content’ of the well differentiated mast cell tumors that they u ed
proved Wilander s'%%4 and Jorpes 59 contention that hepann 1s dernved
from mast cells and that the quantitry of hepann 1s correlated with the
number of mast cells present Other i estigators have venfied the e find
Ingst%s 10% g9 that the 1dea 15 generally accepted that there 15 a correlatron
betneen the npeness of mast cell granules (state II of Ruley, 1923)
depth of metachromasia and amount of heparin 1 mast cell tumor tissue
This correlation appears to apply to non neoplastic tissues al o

Several myestigators presume that mast granules produce both heparm
and HA®  Others believe that there 1s a defimte correlation betw een the
number of mast cells present in a tissue and the hepann content of the
Lssuet®s 500 670 748187 108 or of g mast eell tumor 74 # 198 This dea
18 furthered by <everal writers m the fields of biochemistry pathology
Pharmncology and physiology A different view 1s taken by Hedbora and
Sneliman 41t who believe that the hepanin bearing natrie complex which
18 probably a heparn lipoprotein, 1s very hhely located not 1o the Jarge
granules but within the ntergranular cytoplasm They suggest that the
heparm observed by mve tigators working with 1solated large granules had
been Precipitated on the surface of the granules probably as a result of
these workers fatling to suspend the homogenate 1n a sugar or alt olu
ton, and neglecting to control the pH of the final musture suffferently
decurately Also a number of 1nv estigators belweve that heparn as such
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the 1dea that mast cells elaborate and secrete the specific MPS, hepa
rIn 990 1108 Jorpes (1946) thought that mast cells produce the hepann for
the body and that the heparin 1s discharged directly into the blood ®
Likewse, nearly all of the earlier as well as some later mvestigators be
lieve that heparin, or a heparin like substance, 18 synthesized by and stored
within (or attached to) the eytoplasmic granules of tissue mast cells %03 468
00 54 754 767 § 3 8 3 954 990 1085 1004

Studer" believes that the heparm content of organs of the various pe
c1es of amimals parallels the mast cell content Thus, his statement supports
and extends Holmgren and Wilanders (1937) finding that the heparm
content of Glisson s capsule of the hver 1s related to the number of mast
cells within 1t ® That mast cells store heparn or 1ts components may be
deduced from the work of Asplund and as<ociates (1939) and Frick
(1950) ®® Schurer (1946) observed “filing of the mast cells and an 1n
crease 1n s1ze and number of granules’ (which stamned normally) following
the parenteral admmstration of heparin 9%

Heparnn whibits mitosis,*1% but very httle has been hnown about the
method by which 1t operates until recently Roth (1952) stated that hepa
o 1s an inhibitor of both nbonuclease (RNAase) and desoxynbonuclease
(DNAase),™ and Paff and co workers™ have shown that mhibition of
these enzymes 1s the means by which hepann inhibits mitosis of fibro
blasts 1n cultures of embryonic chich heart

A new function of heparin has recently been postulated Mast cells
especially those shirting’ <mall blood vessels (state I of Riley, 1953) are
reported to supply a metachromatic substance which 1s constdered heps
in, that combines with the cement granules in endothelal cells follow:ng
vascular injury to form a gelatinous, hepanin contammg film The presence
of this film protects the vessel from the formation of thrombs by virtue of
its strong negatnve charge €86 This condition presents leuhocy tes and
platelets from being attracted with the consequent organization of a blood
clot at the site of injury 863 886

Numerous functions 1 addition to its anticoagulant properttes arc now
attributed to heparin and to ma t cells Some sigmificant chimceal and ex
penmental investigations are being conducted to determine the signtfieance
of the relations of naturally occurning hepann to growth processes, par
ticularly as anmbitor of neoplastic grow th 1n the formation of connectve
tissue ground substance as an anti shock agent and m arteriosclerotic
yascular changes %0

An abundance of mast cells 13 usually reported in the mesentery % How
ever, no one has eriously considered the posaibility that mast cells n tlhc
mesentery could be a source of AMPs for the production of heparin n the
Inver and blood stream Riley §*% msistence that i the dog the thoracic
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cerning the cwse of the wide vanationsin wumber of mast cells m the wall
of blood vessely 1 man Sundberg®? guves vanous other reasons, meluding

fairly great vanations which occurred among persons dying “so called
wiolent deaths’ mdieating that he docs not, attach particular significance
to nfections conditions And diseases a8 1he cause of the vanations in sver
nge mast ¢ell counts i the s a1t of large vens Bunslazly the probable m
crease 1w atheromatous deposits and/or the appearance of artenosclerosss
with advanced age mahes 1t difficult to quantify the effcet of advanced
age on the mast cell population of vaseular walls especinlly of the nortie
walt

Hyelmann and Weglus {1950} observed that mast cells mereased around

expenmentally produced thromboses and hemorrhords **% Helistrom and
Holregren (1947} believe that a deerease 1n the numbcer of mast cells an
the wall of vems 1n elderly people may be related to the mncreased madence
of thromboss 1 these wdividuals®  Further mtimation that mast eells
appearto be related to human hemorrhowds 1s supplied by Hyelmann (1904)
who reports that the number of mast cells m the nall of dilated hemor
rhotdal veims was mereased over that of costrols ¥ However 1t 1s not
clear whether the mast cells functioned i the formation of hemorrhords
by liberating histamune ot in the resorption by hberating hepann

Cleanng Hyperhpemua

Hepanin plays wsportant roles m the storage and general metabolism of
fat and 1o cleanng hy perhipemic and by percholstereme blood and lymph
The daily mtraperitoneal in, jectron of 2 0 mg of beparin reduced the amount
of fatty degeneration w the lver by 60 per cent and the formation of aortie
atherosclerosis by about 40 per centin cholesterol fed rabbits #° However,
soy eral salts were found to anhibut 1n vitre clearng by post hepann plasma
wup to 80 per cont mm witro ** Heparm has alse been shown to minbit the ae
tion of Ly aluromdase wn vitro A

‘Hyperhpema or hypercholesteremin hipemia which 13 more properly
dessgnated hy perhpema 15 8 condstion 1n which  the total blood hprda
execd 10 per cent i human bload 4 Hypercholestercmin 1n its yarous
wroups usually shows atheromatous changes *** whereas hyperlipemia and

1y perchol Pr tly are 3 h dit

and both hav e multiple dagnostie and chuical mgnaficance 4 Admimstra
tson of hepann results in the reduction of excesanve amounts of hpd and
cholesterol 1 the blood and Yy mph but its mode of action 13 not well under
etood However 1t hag been <hown that the <ize of the molecule of lipo

protesns 1s reduced by hepanin® Tt scems probable that msufficient plasma

hep i may be a 1 factor m ath and scle
rosts ¥
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1> not stored 1n the mast cell granules, but that these granules contamn a
precursor of heparin, or sy nthesize and store fundamental AMPs which are
essent1al in the formation of hepann and other substances 7 %51 7
5% 74 B4

Until recently most mvestigators have streswed heparin or 1ts precursors
as the chief product of mast cell granules®0 66 109t However, ths
tenct does not necesearily mdieate that the production and relea e of
heparn 1s the only, or even the chief, function of mast cells 5168 &3
Indeed Michels®?s (1938) states that at least 25 hy pothetical funetions of
mast cells had been enumerated

Cuwrculatory Relations

Mhast cells store heparin, which 1t 15 elaimed 15 loosely bound with his
tamine, probably withm the mast granules,® 7 855 108 op on the surface
of the granule 8 The pre<ence of numerous mast cells mn a structure of
area, thereby assures an available supply of heparmn at that locus This as
sumption 1s supported by the numerous obseryations that there are prac
tieally no mast cells or histanune 1n the Iner Lidney spleen or bram of the
rat # 5 put that there 15 a correlation between the presence of mast cells
histamine and heparin mn the hiver of cattle 1%

Mast cells are numerous along small blood bes<els or aggregated m the
adventitia to form a ¢ cuff” around the vesse]l Sundberg®® made an ex
haustive quantitative study of the mast cells 1n the wall of the aorta and
great systemic vems 1n the trunk of a total of 145 autopsies of persons
ranging mn age from 24 hours to 88 years The average count of mast eells
1n the walls of veins of infants and school age e¢hildren was 900 cells per
cubic millimeter 1 men 20 to 39 years of age the count was 1200 wherecas
1n women of the same age group 1t was 1600 and m old age the average
was about 700 (for both sexes) per cubic milimeter of vascular wall The
walls of the aorta of the aged contained a considerably higher number of
mast cells than the walls of the vena cava *°

A disturbing factor encountered m attempting to quantify the counts was
that the mast cell count m all age groups varied from extremely hgh to
{ow values espectally m the preadolescent age groups Al o 9 ndividuals
had a marked difference n counts betw cen the vessels of the left and nght
sides A 72 year old man who died of 18 and bronet
had an average count of 1756 for the right and 2242 for the left external
thae vemns per cubic millimeter of venous wall whereas another man of
64 who died of perttomtis suppuratiie hepatitis and pneumonia had aver
ounts of 118 for the right and 107 for the left external ihac venous
995 The ¢ and a number of other eases grven by that author imdicate
ple factors make it impractical to draw defintte conclustons con

age ¢
walls
that mults
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tamme from performing this function® 3% 3 ¥ indicates that the absence
of mhxbmon of heparnn may play & very important part in the genesis of
arterial ath and various refated conditions Sev
eral mvestigators support this iden 5% Others pomnt out that atherogenesis
results from altered hipid metabohism rather than from senescence itself
The discovery by Hahn {1843} that intravenously njected hepans
abohishes alimentary Iipenna 1 dogs 19 led to the appheation of this pro
cedure to clear blood and Iymph of hpds The mformation obtaned by
{hs hine of mveshigation imndicates that the effects of hepann 2njected in
travenously into rabbits and rate had puraliel effects on the coneentration
of triglycenide and free {atty acid 1n blood and lymph 1% Brown (1950)
using rats and dogs <howed that heparm rapidly eleared postprandial
hyperkipemiz and that the adenistratson of protaming reversed the action
of the heparin 7 That this cleanng factor 18 wctivated by hepann, was
demnonstrated by the fact that injection of heparin cleared the hpenuc sera
und reduced or caused low density hipoproteins to disappear 7 Anfinsen*
reports that the admmstration of anaphvlactie agents produced high
plasma levels of cleanng factor n dogs presumably by releasing both
heparin and histamne frora mast eells It has been shown that antihusta
mines do not affect clearance of hipemia However Havers and Buy lehave
shown that the ad 1on of small of
to the prevention of shock by use of antilnstamnnes depleted the plasma of
cleanng factor winch was not affected by the antiistammes 1n dogs
Anfinsen! pomnts out that the cleating reaction 1s a common proeess re
sulting in the formation of fnglycenide hy drofyzing components i normal
plasma and sumiarly i the lymph of rats and rabbits when injected
mtravenously or when posthepann rabbit Iymph v as added to ly mph =
1fro 57 It has been shown that beparm nzected mtravenousty 1 dogs
probably clears alimentary hipernia by disrupting the globulm hpd bonds
with the release of the combied hipids and the formation of a heparm
protemn complex 9 Anfinsen suggests that heparin may serve asa com
ponent prosthetic group of clearing factor since st 15 required i the pro
duction of the clearing factor in vvo and w wtro He also suggests that
mast eells are a source of heparm When antibistarime agents were used
Ly prevent the condstion of shock following the administration of anaphy
lactogenie agents to dogs the plasma of these dogs contawmed hugh levels
of the clearmg factor which disappeared following the mjection of pro
tamive 1 small smounts *

The part played by hepann w fat clearance of Iymph may be related
to the mpmficantly greater number of mast celis 1 the medullary corda
of the pancreas Aseffy (Iargest by mph nodes of the mesentenc seres) than
oeeurs 1 other lymph nodes m hamsters % A decrease m glyceride pon
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It has been shown that 2 0 mg of heparn, administered intrapentoneally
daily to cholesterol fed rabbits suppressed the development of aortic ath
erosclerosis about 40 per cent, and prevented hepatic fat accumulation by
about 60 per cent, as Judged by gross and micro copic grading methods ®°
Daily admimstration of heparin by Graham and co workers (1951) pre
vented the on<et of arterioscleross 1n all but 3 rabbits of two groups that
totaled 40 individuals which were fed cholesterol mn the regular diet ®°
Fifteen of the control rabbits which had the same cholesterol diet but re
cetved no heparm, developed atheromatous foc1 95 The fact that rabbits,
which have relatively few mast cells,®3 are susceptible to cholesterol
induced arteriosclerosis®®, and rats which are richly supphed with mast
cells,%9% 855 gare not susceptible supports the contention that mast cells
supply readily avarlable heparin which functions m clearing the blood of
excess l1pids and cholesterol

A clintcal approach to this problem was employed by Cams and Con
stantimdes (1954), who found a much lower number of mast cells per umit
of cardiac musele 1n 48 people 60 to 90 years old who had marked arteno
sclerosis than in the same number and age group who did not have macre
scopically evident arteniosclerosis® There was no sex difference 1 the
number of mast cells 1n these two senescent groups, but 1 46 ndividuals
20 to 35 years old who had marked artenoselerosts the males had a loner
mast cell count than the females 9°5 Hueper, m 1941 to 1942, suggested that
the nstability of the colloidal solution in hypercholestererma may start &
sequence of events 1n the vascular wall and, by histioey tic phagocy tosis of
cholesterol which has penetrated the subendoethelral space, induce ath
eromatous lesions m arteries %8 Hirsch and Weinhouse (1943) consider
that these two conditions represent the imtial stage of atherosclerosts 08

Hypercholesteremia may be nduced by disturbance 1n lipid and/or
cholesterol metabol and/or cl tion 58 Hy perchol oceurs
under conditions of expermmentally sustamned hyperhipemia®® (possibly
neutral fat and/or phospholipid) 1n rats > Hypercholesterem:a 18 to a
considerable extent the result of cholesterol being retamed by the excess
plasma hipid ? ® Friedman and Byers® * found that continuous mtrayenous
mjection of s038 leesthin and neutral fat was soon followed by hyper
cholesteremia 1 rats They also found that » hen pooled hy percholester
emic serum was exposed to a suspension of intestinal Iymph hipids wn vitro
the scurm cholesterol content was reduced from 2 56 to 100 mg while the
amount of cholesterol m the chylomicron lipids inereased from 24 to 34
me thus showing that the hpids had ‘ trapped more than 50 per cent of
o rol prescnt n the hypercholesteremic erum End or
potent agent 1n cleaning hyperlipemta and hyper
70 879 933 The fact that protamme prevents s

the choleste

exogenous hepann 1 z;
50!

cholesterema * 33
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lesterol esters # or as hpopratemn * # 2 7 The nformation gleaned from the
foregong expenments seerus to indieate that excessive plaema cholesterol
anses through hyperhpemis and through the fmibure of its plasma fat
clearng propensities

Summary of Activthes

An incomplete summary of the activaties of heparin <hows that, m the
presence of ealerom and other essential substances, hepanu strongly m
fubits blood and probably other, soagulrtion that 1s preients the release
of hustamne from blood eells and probably from other cells durmg anaphy
lactic and perhaps other forms of shock 1€ that it probably mbibats the
hiberation of hustamine in various ty pes of cell injury under normal condt
tions weluding radiation as well as necrotic and traumatic mjury In
addition hepanin probably mbilnts the release of histarme by try poin ar
other proteolytic enzymes meluding proteolytic enzymes freed from n
Jured celts Hepann suppresses mytoms by mhibiting DNAgse and RNAase
activity, reduces the lipd fatty and cholesterol content wn hyperhipema
and hypercholesteremia and possibly plays a part mn converting depot fat
o glycogen

HYALURONIC AGID

HA 15 probably more widely distributed and plays & part 1n more phy sio
logieal proeesses than 1 generally realized The source of HA 15 not defi
mtely Jmown * and the problem has been compheated by masiakenty
wdentifying HA as muen w the shin ! synovial fimd!® ® and perhaps
other structures By the use of chermeal methods atleast four investigators
Cham and Duthie {19404 Claude (1940} and Meyer and Chaffee (1941)
wdentified the so called dermal muctn g sanety of apsmals and Watson
and Pearce {1947) 1 human shap s hyshurome acid *

HA 15 a natural polymer of acetylgh and gl actd with
a hgh viscosity and molecular weight of 200 000 to 500 000 ** 9 Agety |
glucosamine and glueuroms aad aceur wn equal parts w human wmbihicad
cords %8 HA 1s a polybasie 9% sulfate {rec carbohydrate  and combmes
with many protems to form salts which preeipitate under serd condy
tions 1% HA 15 considered o polymene electralyte °7 which 15 thought to
oceur 1n the body as a salt with inorganic bases ** Results of other w orh
ndieate that HA 1s derrved ehiefly of not entirely as = polymer of the
disacchanide V acety ihy alobmronse acid %7

Honever with tolmdine blue staming metachromasia of conneetne
tigsue does not clearly differentiate hyaluronate from sulfate V(pgow
Meyer™ ' beheves that HA 1 mportant i the composition of mesodermal
ground substance but coutrons that chemeally only the structure of
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tent and an mcrease i free fatty acids m the mtestmal Is mph of rats and
rabbits follows the intravenous mjection of heparm 1 1 The fact that this
reaction was most marked 1n the intestinal lymph, which had a higher
relative amount of trigly cerides than either the hepatic or thoracic lymph,
indicates that heparin has a fat cleanng capaaty Addition of Iymph from
rabbits previously treated with heparn also produced hipoly<s of a fatty
substrate 1 vitro 113

The action of heparin 1n elearmg lipemin 1s generally accepted, but the
explanation of 1ts mode of action has not been cstablished A number of
investigators have observed that there 15 an mncreased concentration of
free fatty acids mn the plasma of man or experimental mammals after the
ntrasenous mjection of heparin, and that fatty acids are formed when
heparmm 15 added to a fatty substrate in vatro They attribute the produc
tion of these free fatty acids partly, probably cheefly, to glyceryl ester
hydrolysis %8 1181

Veld (1944, 1945) found that heparin alone fatled to elear hipemic cerum
wn vifro, but that 16 was readily cleared by the addition of plasms from
heparin treated mdividuals 1131 About, 1950, Gofman and co worhers con
cluded that heparm i these in v1tro expertments acted on the lipoprotemn
molecules 133! Shore® belies cs that heparn cataly zed the release of fatty
acids from lipoprotemn tniglycendes by activating a triglyceride sphtting
enzyme He states that L thyroxme (THRY\), nhich 1s the more potent,
and trnodothyromne (TRIT) whibit this heparin catalyzed release of
{atty acids from the hpoprotein trigly cendes

Admimistration of heparin decreased expernmentally mduced hypercho
lesteremia that was accompanied by hyperlipemin Rosenman and col
laborators®™ found that heparin treatment decreased the hy percholester
emia and hy perlipemia 1n rats having nephrosis mduced by 1njecting rabbit
ant1 rat kadney serum Friedman and Byers® 9 show that prolonged intrave
nous mjection of ipid mixtures of soya leeathin and neutral fat quickly
led to the appearance of hyperchelestererma w hich they attributed to ‘some
phace of fat metabolism  They found that a <uspension of ehylomicronous
Iipids from ntestmnal lymph  extracted over half of the cholesteral origt
nally present m the clear by percholesteremic serum ' wn vifro Results of
their 1anous experiments led them to conclude that plasma chole terol
recovered by the Iiver was trapped by the excess plasma ipid

DeLalla and Gofman (1854) point out that m the normal serum of man
and several other mammals most and possibly all of the cholesterol and
ohipids oceur as lipoprotein ® ¥ Others beheve that normally, about
cent of the plasma cholesterol 1s 1n the form of its esters o
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duction? 37 by the systemie alteration of connective tissue specifically,
or by the alteration of the intercellular components  That the granules
of mast eslle ay be a <ource of HA ts not meonsistent with the fact that
these granules fatl to respond positevely to tosts for HA beeause the AMP
m the granules could be changed for example by hy drolyss 1o glucurome
ae1d and glucosamine, and the latter, i turn, may form acetylglucosamme
and polymenze nith gl acd © These processes could cecur 1n the
wtercelhular tissue fiwid 1 the fibrablasts orinother cells of the connective
tssue
Jesnloz (1900) states that polysacchande m the synowial fimd 15 a pol
ymer of p glucurone acid and N acetylglucostmine 7 The mast cells
which are abundant in connective tissue of the synovial membrane®
% 1197 eould be & source of glucuronte acid glueosamne or sulfuric acd
Acetylatuon af gl and the eubsequent paly mentzation with ght
eusonse aeid mght oteur m any one or all four of the folloving saites (1)
m the tssue fuid among the mast cells {2} in the tissue fimd betw een the
mast cells and the synovial membrane (3) withw the synovial membrane
of {4) withn the synowvial find The combmation of glucurome acxd and
glucosamine seems to be more sigmficant from the standpowt of granules
of mast cells as & fatm of storage, than es & coropound weluding these {wo
“ubstances
Meyer and co worhers {1938 and 1939} state that ¥1A wn the body con

sits of equimol parts of and and A acetylglucosamine
8s a polymerte compound of a very lagh molecular weight around 200 000
10 500000 * ¥ They and other mvestigators point out that the jelly lhe
character of HA 1 body fluds 15 related to the degree of 1ts poly menzation
which 15 progressively reduced to a hguwsd state by depolymerization® A
point of significance m this process 13 that permeabibity of structures or
substances partrenlarly the HA ground subst: m ve
tissue 15 related to the degree of depolymerization of the HA i it® !

3¢ 418 8chade (1923) believes that connective tissue fibers and ground sub
stance possess important regulatory actrvity with regard to acid base wa
ter electroly te and osmatic equiltbna 2g well as tissue permeability ¢ Thus
by cantrol of the poly menzation of HA and other contaned MPS the size
and rate of passage of molesnies through the group substance may be con
trotied to an almost unlimited extent 41® ¥

Relation o Ground Substance

The rclatton of mnst cells to the formation of HA 1n ground substance 18
very diffieult 3f not impossible to establish by Instochemeal methods be
eause the ground substance contams bath HA and AMP that contmin the
sulfate group Certan we<tigators behen ¢ that gronnd substante 1s com
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the repeating umt, the d haride g gl do 13 N acetyl glucos
amine” 1s known with certamnty Other investigators appear to support his
statement,® 1004 byt some believe that HA 1s sometimes clased as a
MPS -1 4 60 84 10 7 1089 Trant10.7 1sts HA and hyaluronosulfurie acid a3
two of the four MPS which occur 1n the cement substance of cartilage
Chemists® recogmze mucoitin sulfate as the sulfurie acid ester of HA HA
15 widely distributed in the human body, but 1t does not normally occur 1z
the serum—ats site of origin 13 not known 17 The assumption that (1) the
HA 1n conneets e tiscue 1s produced by young fibroblasts, (2) HA m syno
vial fluid 18 produced by the sy noval membrane, and (3) HA 1n the humors
of the eye 1s produced by the cihary epithelium, are merely presumptions
based entirely upon probability *! W riters sometimes seem to use the terms
hyaluronie aeid, hyalurate and hyaluronate interchangeably

Addition of electrolytes may greatly decrease the relative viscouty of
the solutions +37 198 For instance a 015 per cent aqueous <olution of <o
dum hyaluronate has a viscosity value of 945, whereas the same per
centage <olution made up 1n 01 n sodium chlonde has a viscouty value
of only 269 8% Martin®® suggests that 1ons probably play a signtficant
part 1n enzymtc depoly merization of HA and, consequently, in permeability
changes Another relevant pomt of nterest 1s that different methods of
1solating HA alter the viscosity Nevertheless its vicosity 1s almost never
as ngh as that of the biologieal flud from which 1t was 1solated 531

HA m solution 18 an important lubrieating agent ¢ Normal human sy1
ovial flud 15 generally believed to have a high viscosity whiehis attributed
to the presence of mucin ®  but others attribute about 80 per cent of the
viscosity and lubrieating efficiency to hyaluronates ® This does not how
ever preclude the possibility that synovial mast cells contribute to the
dialyzate Synovial fimd does not contain sulfate contaning carbohy
drates % #7 although chondrostn sulfate 1s present in the ground sub
stance from which this dialy zate 1s formed This difference may ndicate
that sulfated MPS arc more firmly bound to fibrous components of con
nective tissue 875 The nature of synovial fld may be related to the fact
that “synoval tissue has a markedly greater permeability ' than true mem
brancs# and a nch blood and lymph supply 93 10 7 The ¢ conditions
appear to favor the passage of substances stored within the subsynovial
connective tissue ma t eells which are abundant near the surface of the
membrane # mto the synovial flmd The amorphous substrate
connectn ¢ tissue 1 thought to contain HA » hich may exist either
pendent upon the degree of polymerzation 6o 1089 How
1 flud and the aqueous humer of the eye are alsays o
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Some 1 eshigators Iy olve the mast cell direetly or indirectly tn HA pro
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reduetion 1 mast, cells 1s sccompanted by a reduction in HA McManus® -
has shonn that the quantity of HA 1s correlated with the number of mast
eells 1 the tissue Trant?® 7 beheves that synovial HA s preduced chiefly
by young Bhroblasts Although mast cells are generally considered to be
an waportant source of HA, cortamn imvestigatorst® 1192 pant out that the
metachromasia of the grapules 1 not altered by treatment with by aluron:
dase and that this treatment does not alier other staimng reactions of mast
granules % Ashoe Hansers ¥ * honever reports that metachromasia was
changed n the ground sub tance of sk biopees subsequent to the jection
of hyaluromdase

It 18 warth noting at this tine that the relation of mast cells to the for
mation of HA 1n ground substance 1y difficult to establish satisfactondy
by chemical means because the ground substance ineludes AMP that con
tam the sulfate group 1n addition to A However Riee™3 nas able to
separate the sulfated from the non sulfnted polycacchandes m sn extract
from rabbit sy phsk by using & modification of Pearee and Watsons
(1949} method Fawcett *° and others pumnt out that mast cells are more
frequent mn connectyve tissues than s generally suppoced because routmne
stamning such as hematosy hn and cosin does not demonsirate these cells

Incrdentally the records of counts of eells 1 synosial flurd are often
disapposnting because mast cells are rarely menttoned 1n either rormal
ar pathologteal conditions When mast cells are not mentioned there re
maws the posability of dissolution of the mast granulesin the diluting seln
tion rather than the actua} absenee of these cells Ropes and Baver®  state
that 1t was necessary to dilute the flmid m a ninte cell counting pipette with
normal sabme netead of routme diluents to avoid precipitatson of the
muerr This may be a epeetal case m which the un estigators planned to
destroy the mast cells m order to favor counting other cells just as eryth
rotytes are destroyed with acetic acid to favor obtaming a differentral
leuhocyte count Ve ® 3 find that granules of mast cells m tissues fined
10 sublimate alcohol donot dis olve when deparaffimzed sections are placed
i water or salt solntion However the exposure of tissues that contain
mast cells to most agueous setations causes the gromules to dissofse ¥ ™
and prevents identafication of the mast cells

MUCINV IN 91\0V1A

In Ins extensie revien of the hterature on the chemstry of mast cell
granules Machels® ¥ etates that Roundmtz (1833) bebieved that the e
granules are » mucalecithid compound and that Harns (1810} contended
that mast granules are composed of muein which 1s elaborated as the muen
u socited with connectne tr wes \fschels reviews the histoneal baek
ground of the norks of a nutnher of tndu wduals and states that Faulteehtasly
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posed chiefly of HA, demved in major part, 1f not entirely, from mast
cells * 4 Asboe-Hnsen (1951) suggests that the funetion of mast cells
15 to produce connective {1ssue ground substance, but Burkel (1852) be
Dreves that mast cells do not produce HA 1991 Compton'®! was unable to
wdentrify HA 1 granules of mast cclls of hamsters This failure would be
expected 1n the Light of the known storage functtons of mast cells, because
one would not expect to find HA stored o free or active state withm the
mast cells Howeyer, hlempercr®® suggests the posstility that mstead of
being produced by  fibroblasts or other cells (mast cclls),” the corpo
nents of normal ground substance may be ‘directly transferred from the
blood plasma” just as the abnormal mtcreellular component, paramylowd,
18 deposited 1n connectrv e tissue

HA occurs throughout the conneettve tissuc ground substance ! !
where 1613 believed to have been derived from a prestage conditton 10 mast
cell granules™ * Since mast eells are nearly always present under these
conditrons, 1f this relationship 1s widely established, potential HA would
reasonably be expected to occur wherever mast cells or mast cell derved
AMP are found However objections based apparcntly ou chemical m
congruity, have been raised against the belief that the amorphous ground
substance 15 supphied by mast cells € Burkel (1952), beheves that mstead
of HA bemng present 1n mast granules 10 a prestage, it 1s more likely that
HA 15 a prestage of heparn®  Altshuler and Angevine® suggest that the
mtracellular AMP of mast cells may very well be produced by certainn
fluences which encourage production of ANP 1n the ground ubstance

HA 1nlubits the actnaty of phosphoieylase Thus, when 1t 13 1n Cxcess
as a result of the activity of two known sera or other hyaluromdase mhibit
1ng, substances,!*™ HA may mhibit hydrolysis of acetyl phosphate to form
phosphone and acetic acids i muscle as well as 1n the bram and kidney **
It 15 not hnown Just how, or whether, this reaction may be related to HA
m the synovial flmd

§ 1

AMast Cells and Synovigl Fhnd

Whether or not HA that 18 derrsed from mast cells 18 present in & de
polymerized macti e or other state i the dialy zate that forms the synovial
fnd, 15 controversial Normal human synovial flud (synovia) 18 gencrally
thought to be a dialy zate of blood plasma rather than a secretion '*® 96 303
81 107 glthough 1t 18 considered by some to be both 1° 7 and by others to
be scereted chiefly by eertamn synovial cell» ° 7 W hether mast cell ¥ !
and/or fibroblasts®® 7 supply the materal for its viscosty 1« another de-
Dbited point on the ongn of synot1y

“fast cells are beheved by 8 number of investigators to be an important
souree of hyaluronic acid 18 "0 4 10 ¢ 998 Cavallero' ob erved that a
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reduction 1 mast cells 1s accompamed by a reductson m HA MeManus™
hias shown that the quantsty of HA s correlated with the number of mast
celly 1n the tassue Traut?® 7 beheves that synovial HA 19 produced chiefly
by young fibroblasts Although mast cells are generally considered to be
an wnportant souree of HA certan myestigators’®® 197 pownt out that the
metachromassa of the granules 1s not altered by treatment with hyalurom
dase and that this treatment does not alter other stamng reactions of mast
granules ¢ Ashoe Hensen ¥ * howenar, reports that metachromasia nas
changed 1 the ground substance of shin biopsies subsequent {o the mjection
of hyaluromdase

1% 1s worth noting at ths tune that the relation of mast celly to the for
mation of HA m ground substance s difficult to estabhsh satisfactonly
by chemmcal means because the ground substance includes AMP that con
tam the <ulfate group 1 sddition to HA However Rice™? was able to
separate the sulfated fram the non sutfated poly<accharides 1 an extract
from rabint sy pnd by usmng 2 Aifieation of Pearee and Viatson s
(1949} method Fawcett ¥ and others point out that mast cells are more
frequent mn conncetive tissucs than 1s generally supposed because routine
staming <uch as hematoy hin and cosin does not desnonstrate these cells

Incidentally the records of counts of cells in symosial flid are often
disappomting because mast cells are rarely mentioned 22 esther normal
or pathologieal conditions Wken mast cells are not menttoned there re
mams the posaibility of dissolution of the mast granules r the dilutmp sofu
tion rather than the actual absence of these eells Ropes and Bauer®  state
that it was nocessary to dilute the flnd 1n a whste cell counting pipette with
narmal saline insteed of routine diluents to avoud preespitation of the
wmuem This may be o speetal ease m shuch the mvestigators planmed to
destroy the mast cells 1 order to favor countsng other cells just as eryth
racytes are destroved wath acetic acid to favor obtaming a dafferential
fcukocyte count Yot © 2% find that granules of magt cells mn tissues fixed
m subhimate aleohol do not dissoh e when deparaffinized sechions are placed
m water ar <t olutton However the exposure of tissues that contamn
mast cells to most aqueous solutions eanses the granules to digsolvg 7 @3
wd prevents wlentification of the mast cells

BLLIY IW SINOUIA

In In> extensive revien of the hiterature on the chemmstry of mast cell
granules Michels?™ states thet Roundnitz {1883} beheved that these
gronules are a rucolenithnd compound and that Hams (1910) contended
that mast granules are componed of muern »hnch 1s elaborated as the muesn
as oosated with connectne tissues Michels reviews the historseal back
ground of the norks of a number of indiv iduals and states that Taultschutzly
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(1897) was the first to show by various staming procedures that mast
granules arc not 1dentical with the substance contained 1n goblet cells Qe
gets the impression that 1 number of mestigatore feel that the mucin
(probably HA) m synovial fluid may be derved at least in part, from
mast cell granules There s cvidence that mucin may be dernved from
mast granules in other situations ™! 7+ 3 Nevertheless few inve tigators
are willing to take the stand that mast cells are a <ource of either the
mucin or the HA found 1n synovial fluid

It 1s generally conceded that the concentration of synovial muemn
Joint diceases 1s related to  the tvpe, seventy and duration of the disea e
and the duration of the effusion  Production of both synovial flnd and
muein 1s greatly increased i traumatic mjury, but the ratio of muen to
fluid remainsnormal *  Bennett®® and Ropes and Bauer™ suggest that the
destruction of normal eartilage may contribute to the high mucin concen
tration 1n the synovial flurd 1n degeneratine jomnt diseace Since a myre
dematous patient was found to have an abnormally high concentration of
synovial muein 1t 1s suggested that thyroid <ecretion plays an mmportant
part in the metabolism of muein in both the synovial fluid and 1n the <ub
cutancous tissues by either accelerating the production or by retardig the
degradation of the mucmn 8 The finding of an abnormally high concentra
tion of mucin 1n the <3 novia 1n this my xedematous patient 15 interpreted as
an indieatton that hypothyroidism changes the formation of mucigen®
Preliminary work with hamsters mto whom estrogens were mjected sub
panntcularly ¥* mdicates that this hormone acts upon the mast cells to free
the granules rather than to nhibit muein metabolism in the ammal 5%

Muein, which 1s ¢ the charactenstic component of synovial flud and
which 1s responsible for the hagh vi~cosity of the normal flud 15 thought to
be a product of periarticular connectrs e tissue cells Therefore, 1t has been
suggested that the mucin 1s present 1 the tissue flud before 1t enters the
<ynovial fluid ® However Traut?® beheves that the muem 1s seereted by
specific cells 1n the synovial membreane Various 1nvestigators <how that
noimal human synovial flurd contains from 0 068 to a possible 57 with an
average 1n one <eries of 0104 per cent of muein determined as nitrogen
with an average of 0087 per cent of muemn glueosamine & % or as varying
from 03 to 0 8 gm/I100 ml of synovial flmd 2 ¢

Ropes and Bauer™ counted the wlite blood cells and determuned the
amount of synovin (synosial mucin) of patients that had <everal pathologt
cal conditions They concluded that there 1s a great increase in the amount
1n 10 the synosial flud from degeneratis e joints and especially from
er cent) and from sy nov 1al osteochondromato
Ropes and Bauer*™s al<o attribute the increase
the formation of mucin as a response to the

of mue
Charcot joints (up to 0208 p
s1s {average O 166 per cent)}

1n Sy NOY n to an merease m
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stimulation of the fissues which was not accompanted by the merease m
destruction of synovial mucin, ch tertstic of nghly mfl 1 jomnts Ben
nett ® howeter points out that these condittons also oceur w the formation
of vallagen or of cartilage

It may be concluded from the sbove statements and tencts that mast
cells probably play an important part 1 the formataon of synovial flusd,
whether ste viseosity 1s due to the presence of HA or of muein or whether
5y povia ¢ a dialy zate or a seeretion

HIALLRONIC AGID IN SYNOVIA

HA 13 «aid to be the only form of AMP normally present m synovial
fand ® However some writers use the term muemn  to mclude HA *
whereas others® recogmze the presence of both HA oriis <alts and AMP
‘The hughest concentrations of HA 1n the normal mammahan bedy are
found 1n the umbsiical eord shin and synovial fiud 199 Ahout 80 per cent
of the viscosity of normal synovial fuid may be attributed to its content
of 002 to 05 per cent of hyaluronate ® normal hwman synovial fwd has
been reported to contain coneentrations of HA that ranged from 004 o
933 mg/mi 5

The source of synovial HA has not been conclusiely estabhished but
there is the probabihity that a s;gnificant amount of 1t or of s components
or&alts 53 ders ed from extrasy novial mast cell granules and/or fibroblasts
Young fibroblasts have been indicated as ite source 1° 7 2% Aghos Han
sen * behieves that at least 1 3he skin fibroblasts play a part mn fibrlo
genests  but that mast cells scerete unportant components of the muen
ous ground substance primarnily the viscous mucopoly sacchande hyaluronie
soid

Enzyme Actunty

The number of vaknown enzymes or factors coenzymes and eofactors
and the possible corbmatians of these which directly or indireetly affect
HA and other MPS for that matter 1s probably wuch greater than is gen
erally appreciated In addition 1onic and hermenal changes'®s? and patho
logieal conditions play an 1mportant part 1 altenng the normal activities
of enzymes as well as the activities of the enzyme inhthitors Enzymie deg
radation of HA appears to be a change undergone by this substance in
nrthropathy 8 ¢ 3¢ 7 Also the hyaluronate in the synovial fimd 15 depaly
merized 1 tuberenlar artheitts W hastier and Smart!™® state shat, there 1o
esidence that rheumatord arthrtis mey be duetoa by osynthet1e defictency
m or fatlure to complete polymenzation of hyaluronate and that the ad
mmistration of o glueuronic amd has been found to have a benefieial effect
tn some cases This tenet 15 supported by the recent finding that the relief
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brought to <eme arthntic patients by oral administration of p glucuronic
actd “majy 1ndicate that the added uronic acid as<ists i the production of
complete hy alurome acid molecules 1969 The fact that cancer, poicons and
pregnancy all rase the polysacchande level m the blood serum signifi
cantly, 0% suggests that part of the beneficial effect of pregnaney on arthn
t1s may be due to an mncrease mn the level of serum poly sacchande which,n
turn, could mcren ¢ the availability of o glucuronic aexd for proper forma
tion of HA acid n synovial flud

Uses of the terms  Duran Reynals factor, ¢ spreading factor, ete, as
synonyms of hyaluromdase have been deplored Meyer®® suggests that
theterm  preadimng reaction * <hould replace the u ¢ of the term “spreading
factor 7 Hyaluronidases are separated into tvo groups (1) those of am
mal and (2} thosc of microlnal engin Enzy mes of the tvo groups duffer
somes hat 1n mode of action and in affimty for the substrate Several hyalu
romdaces act upon HA hyaluronate or other MPS Meyer and Rapport
(1902) found that all of the hy aluromidases that they mve tigated attack
native polyvmers wluch have etther high or low molecular weights by open
1ng the glucosammie bonds but those which act upon HA attach only the
glucosamidie bond of the two glucosidie bonds occurring m this MPS®7
Hy aluromdase depolymerizes and hydrolvzes HA 3 by hiberating the di
<accharides Any further degradation 1s due to other enzymes ” ¢ 1% Sev
eral mvestigators have shown that the jelly lihe character of HA orits
salts 1 olution and 1ts consequent ability to inhibit movement of fluid
sub tances within the tissues 1s dependent upon  the degree and asy mmetry
of polymerization ® Hyaluromdase destroys the viccosity of the jelly like
HA by degradation of the polysaccharides ¢ and presumably of other
MPS Thus hyaluromda e greatly merea es the permeability of the tik
sues and ti sue flid @ ¢ 79 416 993 1031 1084 10% Pyran Reynals S erys
talizes the application of the 1dea of th spreading reaction by statmg that
polymerized complexes of polysacchandes m ground sub tance are nor
mally m the form of a gel and as such, they mbat or form a barrier of ob
«tacle to the absorption of mjected substances such as a vaccine Vrus but
1f hyaluromdase 1s added to the substance before 1t 15 mjected the substance
readily spreads through the t1 sue as does 2 flurd dropped upon a blotter
He pomnts out that this change 1n rate of absorption 1s the result of con
\erston of the gel to a <ol by the degradation of the polysacchandes Also
electrolytes are probably involved #48 because others have shown that
hy aluromdase activity mereased the concentratron of sodium and potas
stum 10 synovial fluid of dogs ***

Twe or more hyaluromdase nhibiting substances wiich differ 1n heat
lability, 1 levels of activity m pathological conditions in peaifieaty for
hy aluronidases obtained from different cources and probably in other ways,
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have been found 1 serum Ghek and collaborators (1948 1851) found that
certain must cell rich tissues are probably the sites of ongin of one of thewe
I aluromdase inhibiters which a3 be a hepann lipoprotein complex
and which ocours in an albumin fraction as a conststuent of normal plasma
but show s no relationship with plasma mucoprotemn 1104

Cortisane which has a marked pathiative effect 1 some cases of arthnitis
has been reported to act by intabtmng hyalurenidase 1% That thus effect of
cortisone pertans only to the action of hyaluromdase upon HA 1s sup
ported by Humphrey (1846) who found that hy aluremdase has no action
on hepanns or mucoifin suifate 15 Thys difference suggests theat cortisone
does not act directly upon byoluromidace but that wt acts direetly upon
<ote biogenetie agent which 19 essential for the production of tius enzvme
a3 Las been <hown for 1ts action i snhubiting Instidine decarboxylase in the
synthests of lustarmne ¥ Mathews and Dorfman? # present another angle
by warmng that the belief that hyaluronidase 15 eticlogically related to
rheumatse disea<e has no esidence ta support it They suggest that other
enzymes may be affected by some of the mhibitors of hyaluromdase A
number of mvestigators have shonn that the admnistration of cortisone
hydrocortisone or adrenocorticatropie hormone produces {avorable ehneal
effects on & large percentage of patients suffering from rhenmatord arthn
tis Bome of these authors attribute the beneficial results to the mhnt
of hy aluronidase or some other enzyme sctron on an waknoew o pols <accha
nde presumably HA It has been shown that heparin can mmhibat by alurom
dase 1 yifro 47 One group reports that they believe that the treatment of
these pattents enabled them to make & longer ehain polysacchande 166
but snother group suggests that the remussions were due to an  alteration
of an enzyme chamn *¢

1 tissues were teeated with hy the effect presumably would
be hmited to the hberation of the disacehande components of the HA 8
%9 However prehmmary study of shdes treated wath hyaluromdase has
not been suecessful heeause the hyaturotudase was used m physiologieat
saline solution whseh had a proneunced affect 1 altering the metachromatic
stamung of the mast eells The exposure of AMP to water «lso altered the
density and degree of tmaning of white fibrous connective issue by Mal
lory s triple method In order to evaluate the true effect of by aluromdase
i 15 nece “ary to avord exposmyg the tissues to sodwm ehlonde or other
water solutions begause the changes praduced by these substances alter
all AMP and would prevent obtaming a true effect of the enzyme on HA

1 3
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The Thymus

The thymus differs from other 1y mphoid tissues n being more sensitive
to agents that deplete Iy mphod ti~sues and 1n 1mvoluting at puberty Ab
sence of afferent lymphatics 1s the main anatomieal difference between the
thy mus and lymph nodes Allly mphoid tissues cxcept the thymus and that
In the mucosa of the mtestme contamn afferent lymphatics and have large
medullary lymph smuses The sparsity of lymph sinuses 1 the thymus
(fig 16) may be a part of the basis for the greater sensitivaty of the thymus
to stimuli which eause 1nvolution of lymphoid tissues There 13 less dilution
by tissue fluid and Iy mph of a hormone <uch as cortisone and otherly mpho
penic agents that are carried 1n the blood to the thymus, than occurs mn
other lymphoid tissues

The thymus 15 composed primanly of ly mphocytes which as they de
velop, synthesize and store deoxy ribonuclere acid (DNA) and the anno
acids present mn thymus lustones This arrangement enables the thymus to
play a highly specialized although very significant part 1n nucleoproteln
metabolism Hownever the thymus has this function prnimanly during child
hood because 1t begins to mvolute at puberty as protemn sy nthesis increases
m the gonads The mterse relation of changes 1n the size of the thymus to
gonadal function resulted in the 1dea that the thy mus 1s an endocrine gland
However, Hammar % as early as 1910, realized that the thymus does not
have a secretory function and Hoskins (1918) agreed with this opmion
In 1920 Dustin stated that the thymus does not function by means of
secretion” and 1n this way 1t 18 unlike organs of nternal <ecretion Never
theless for many years experiments were designed to demonstrate that
‘Hassall s corpuscles have an endocrine function The 1dea that the thymus
15 an endocrine gland still persistst®s 1138 with the result that some writers
are unable to decide s hether to classify the thymus asa ly mphoxd structure
or as an endocrine gland and compromuse by referring to1t as the ¢ thymus

land ”
& Asecarly as 1904 Bang reported five times as much nueleic acid i thymic
f1ssue 8s m IJymph nodes % Cooper (1832) suggested that the ¢ thymus
gland’ probably 1s deigned to prepare 8 flund that 1s well fitted for fetal
growth and nounishment from the blood of the mother before the birth of
the fetus ©8 Later Simon concluded that the thymus functions as & sk
212
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g fund ’ of 1 t which & produced as & fwd secreted 1 early
ife %% Simon also noted the sensitividy of the thy mus to malnutntion and
accordingly designated this structure as a *barometer of nutnition” €2
Dustin ® considered thymocyies as regulators of nucleoproteins, and
hlose 1n 1910 after learning that Bang 1n 1904 had <hown by chexucal
snaly=ss that thymie hasue contams at lenst § tanes as much puclee aerd
s Iymph nodes expressed the opimon * that furnishing puclere acid to the
orgamem  could be an amportant function of the thymus s8
Reluctance to recogneze the thymus as a Iy mphoid organ has been partly

due to its differences 1 structure and embry onic ongan from other Iy mphord
tissues The thymic parenchyma develops from epathelum, chiefly from
the entoderm of the third and fourth branchial clefts m most ammals 493 638
metead of the mesederm from which the lymph nodes anse %99 The thy mus
does pot have afferent lymphabies 35 83% ¢ 843 pyeal Iy mph <ipusestts 435 493
or true germenal centers™® #93 ag do lymph nodes  but the thy mus 1s prob
ably more vaseular4% # The posstbibty of a difference m embryome
ongm®s fed to the behef that thymoey tes are not the same as lymphoeytes
Marme®™® points ont the obvious fact that the avalable information 13

msuffictent to establish thus Wdentaty  although hymphocytes snd thyme
eytes resemble each other m (1) ameboid movement {2} morphologie

hatactensties (3) logieal t {4) succepttbulity to X vay nyury
and {5) general pathologic reactions Jordan 42 beheved that thy mogytes
are Jymphocytes Now the thy moeytes are considered genumne Iy mpho
eytes * and capable of becoming plasmacytes?9% instead of bewp
analogous to lymphoceytes as Hammar (1905) believed 3 The thyzous is
now recognized &3 an important source of blood lymphocytes %8

THIMIC INVOLUTION

Acoidental mmvolution of the thymus ocours rapdly and at any age
Normal wmalution of the thymus begins at the onset of puberty and m
ereases with age 4% DMost agents or condhtions which snduce secsdentat 1
volutron of the thymus cause mvolution of the other Jymphord structures
3f continued Hammar (1900} states that the masene migration and de
struction of the small thymic cells are brought about in <ome unknawn
way dunng acadental myelution with the result that the organ may shrnh
to one fifth of 13 previous wesght withan a wech The relative destruction
of the medulla and cortex varses =omewhat with the different kinds of
seerdental involution %8

The thymus 15 generally conceded to be more senstteve o by mphopeme
factars than the other lymphosd structuses® ¢ 8 Howgver cectmn
agents such a3 some arsemeal jreparations sre reported to deplete the
systennue 1y mphoid hssue first 8 harshbaum and aseocrafes @ report that
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thymie tissue apparently 1s more sensitise than nodal tissue This was es
peeally noticeable mn muce treated with both x rays and methylcholan
threne which acted synergistically

Thymic mvolution has been produced 1n & varety of ways Dustin and
co worhers (1913 to 1933) produced Iymphoid involution m frogs and
mammals by the use of a wide range of agents winch they called “caryo
clastic posons,” % ¢ ¢, dycs chemicals, x rays and toxic sera Dustmn
and Dustin and Gregoire-®* show that certain agents which deplete the
thymus have <clective cffects on the cells of different Iymphoid structures
and other tissues Some agents appear to act directly upon the Iymphocytes
1n the ly mphoid tissuc by eausing py enosis in a large percentage of the cells
Others such s vitamn deficiencies and hunger, appear to act indirectly by
producing inamition

One obvious cause of thymie s olution 15 the release of adrenocortical
sterords Thymic involutron has been produced in normal ammals by (1)
the admmustration of adrenocorticotropic hormone ACTH, 9 7 (2) hy
pophysectomy 1n rats 91 and (3) the admmistration of cortisonc m rats,
mlces 135 48 463 8 1 93p 71 and hamstcrs 08 o

The significance of the sudden dissolution of relatry ely great numbers of
thy mocytes 1n aceidental mnvolutron has not been determined The assump
tion that the thy mus sy nthesizes and provides a readily available ource
for many essential substances 1s one possible explanation of the respon ¢
known as accidental 1mvolution Thereby, the sudden withdrawal of lym
phocy tes from the thyinus would provide other cells with histones, nucleic
acids nnd possibly certain other substances Dustin ® (1931) thought that
the diverse causes of rapid thy mrc atrophy <uch as sickness 1namtion sup
puration and formation of <ex produets, ® v ere 4 response to the need of the
organtsm for a great amount of nucleoprotein

VASCULARITY OF THE THYMUS

It appears that the unusual vascular architecture of the thy mus affords
a logical basis for a morphophy<iological interpretation of the extreme
sepsitavity of this Iy mphoid structure to Iymphopentc agents 53°

The thy mus of man 1s supplied bv four to s blood vessels which enter
and leave m different areas The artenes anse from the mternal mammary
thyroid#® 6% 6% and pericardial artertes ®** The larger thymic arteries
pass along the 1nterlobular connectiye tr sue and <end branches to penetratc
and supply the lobules These form a  plexus of sinucordal capillanies with
gated meshes 1 the medulla whercas the cortex of the lobules 1s sup
rating capillaries 493 The thymie arteries m the rabbit asm
Itiple and do not enter 1t 2 bilus The large t of them ar cs
5 Smuth and associates?S describe five vascular

clon
phed by rad
man are mu
from the sternal artery
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patterns of the mottse thymus The thy mte verns anse as smucordal eapit
laries**? 1 the medullary regions and empty mto the left innommate and
thyroid vens 1 man 43¢ % The thymic veins are than walled capable of
enormous dilation and therchby are able to smpound inereased amounts
of plasma protems to facilitate Iy mphopoesis and to prolong the action of
retained substances which lyze the lymphoeytes
The thymus s the only lymphaid tissue except that in the mucesa of the
mtestines which does not contan sfferent Iy mphaties and Iymph <inuses
However mtestinal Iy mphord tresue has anmereased amount of tissue flund
from the absorption of liquids from the lumen of the intestine Lymphaties
of the thymus were first desenbed m 1655 by Bartholmus® ¢ Warthonus
(1659} believed that these lymph vessels should end directly 1n the sub
elavian vesn without the mtervention of lymph nodes and Drehincourt
held this viewn for the lymphatics of the thy musn the dog ® ¢ Afanaswen?® ¢
(1877) His®* (1861) Matsunaga®™?® (1910} wnd Mariness® (1932) thought
that the Iy mphaties w the thy mus anse from tssue fnd withun the mdivid
ual lobule and form plevuses of true camilaries i or on the periphery of the
ndividual follicles then form collecting mterfollicular and snterlobular
fymphaties which pass from the mierlobular connectrve tissue areas of the
thymus 1n three dircebions toward its penphery to form the supertor
ventral and dorsal groups of lymphatics ® ® These thy mic Iy mphaties dram
the thymus and constitute the afferent branches of three sets of lymph
nodes 1 man the superior nodes {two) the anterior or sentral anterior
medsastinal nodes (four to seven) and the dorsal nodes {two on erther
side) ® 8 The efferent Iymphaties of these three scts of thy mic nodes empty
to the subclavian von the cervical trunk and/or the subelavian lym
phatic trunk ? ¢
Functionally the cortex of the thymus forms an extranodal cortex for
the thymie iy mph nodes sinee the afferent lymphaties anse i the ecortex
of the thymus Correlated with this Iy mphatic arrangement, 1s the presence
of an inordinately ltrge number of plasmacytes m the medultary region of
these thymic lymph nodes
Lymph simuses are very rare in the thymus Therefore there s loss stasis
of lymph and less exchange wath tisue fnd than oceurs m iymph nodes
Conditions are more favorable for the uptake of mtercelular substances
by the developing thymoes tes
Vaccular differences and consequent changes i the mtereellular fiud
way ~ugpest a basis for determmmg the chief functional differences between
the thymus and the other lymphod t1 sues If 18 sugpested 2 that the ab
ence of afferent Iy mphaties and the consequent ab ence of afferent fymph
and hymph simuses 18 favorable for the conden<atron of the substances
whach have passed from the yery numerous ainusoidal blood capitiares into
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the imtercellular flurd of the thymus The chief cauce of the greater sensi
tivity of the thymus to lymphopenic agents may be lesser dilufion by
lymph and tissue flud

DEPLETION OF THYMUS

Depletion of the thymus 1s due to the decreased formation of lympho
cytes or to mncreased disintegration of these cells Nutnitional deficienctes
which nterfere with the synthesis of nuclete aeids and histones deplete the
thymus and other lymphod structures The effect of admmistered ACTH
or cortisone 1n depleting the thy mus and other Jymphoid tissues 15 strking
and consistent There has been a tendency 1n the last 10 years to attnbute
the depletion of lymphoid tissuc to endogenous adrenocortical steroids
through stress reactions Thymie involutton in tumor bearng rats has been
attributed to a hyperactive adrenal or to molution caused possibly by &
pitwitary factor which has not been demonstrated 1n crude pitmtary ex
tract 58 However, this v olution of the thymus 1 these animals could be 3
result of manition especially if the rats had reached the state of carcinemia
Starvation, malnutrition, vitamn deficiency or low protein diets decrea €
the formation or utihzation of DNA and amino acids These conditions also
deplete the thymus as well as all other lymphoid tissues 5° Inamtion 1s 3
potent agent m producing thy mie inx olution Thus, 1t 1nterferes mn evaluat
g the results of experiments designed to demonstrate the effects of a single
dietary deficiency on lymphoid tissue

The thymus which Simons designated as the “barometer of nutrtion,
1s depleted by several ty pes of dietary defictencies 47 The extent of deple
taon of the thymus vartes with the duration of mamtion—from a 75 per cent
weight loss from acute manttion, to a 90 to 100 per cent loss m chronie
manition 47 The depletion of the thymus by starvation was observed by
Jonson®®” (1909) Jackson® (1915) Stewart® (1916) Jolly ** (1914) and
Jolly and Saragea 5 (1924) The subject 18 reviewed by Drinker and
Yoffy 5 Andreasen® and Marine %8 Hibernation also depletes the thymus
1n hedgehogs 8% frogs 44 and probably other animals Marasmus and
chronic illness deplete the thymus in men 141 00 713

The extreme mvolution caused by starvation suggested that the thymus
play s a «ignificant part normal nutrition®2® 1907 1136 and that lympho
cytes 1n the thymus contain “substances of importance to the growth of the
individual " Andreasen® and Jachson™ ey aluate the work of many 1n
vestigators and show quite conclustvely that hunger or manition, 1n pl'Or1
portion to 1ts severity and duratron may profoundly deplete all 1y mphor
tissue 1n anmmals Many of these 1nvestigators report that the thymus 1
more severely depleted than any other Iy mphoid structure, especilly 10
adult mdrsyduals Jackson (1915) and Stewart (1916) foun’d that ch;&;gl)c
malnutrition resulted in marhed werght loss by the thymus Jolly (1

a7t
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using prepuberal ammals, found that after 6 to 7 days without food the
thymus of the dogs lost 68 1 per cent and that of the rabbits Jost 87 9 per
cent in weight ® The thymus ia « group of 22 3 month old male and female
rats without food for 7 days lost an average of 91 0 per cent of sts normal
weight, whereas the loss 1o fatty serds was 920 per cent of the normal
weight ® Andressen® also found that when these starved young rats were re
shmenated, reatitubion of the thy mus was much slower than the body The
thymus had regamed onfy 60 per cent of 1s normal weight and the body
waight was 95 per cent of normal on the 8th day of realimentation

Chrome mamtion depletes all lymphoid fissueg 51 473 458 490 318 83 847
Andreasen® found that the thymus of rats 18 imtially more sensitnve and
that 1t losea weight faster than the nodes in progressive deplebion, and the
podes lose weight faster than the spleen Accidental mvolution of the thy
mus eccurs m children nnd adults Washing alloess causes 5 more rapd
atrophy of the thymus than of other Iy mphoid tissues % However atrophy
of the spleen and Peyer s patches oceurs cointerdently wath atrophied thy me
m ehildren dying m & state of malnutrition and marasmus

Tnvolution of the thymus aeeompanyimg liness may be due to any one or
s combination of several conditions 1%¢ Decreased intahe and assumilation
of protein and B or d protein catabol are
causes ™ The i of status lymph 13 now believed to have
been erroneously 3% thought to explain the sudden deaths in which thyme
by perplaca was the only elue to the cause of the sudden death The con
dition was consequently diagnosed as acute thymue hypertrophy 1138 and
was explaned by Rokttansky as having caused death by mechamcat
Taeans asseerated with enlargement of the thymus or to an unhnown tove
factor 138 Paliauf assoarated the thymie hypertrophy with narrow aoria
eardiovascular hypoplssia and lymphatism snd suggested that there
was an interrelationshup between the thymus and the adremal glands 113#
More recently pathologisis have attnbuted the cause of death m cases
of status lymphsticus to other causes such as snaphylaxis 1€ They be
leve that the size of the thymus 15 mdteative of the normal condition
contrast to the smaller size of the thymus observed i autopsy followang
prolonged 1llness

DIETABY DEFICIENCIES

Deficiency of amno aewds or of single or multiple fractions of the B
complex depletes the thymus ™ 22 % Although defictencies of the B
vitamins ususlly have systemic effects on reducing lymphoid tissues 25
wnfiltration of Iymphocytes still may occur w some lessons eg the cornen
n anboflavinosts 72 ¥ the dermis underhymng the thickened emdermms
3n pellagea 1959 and in the medulla of enlarged adrenals ©

A number of papers that discuss the effects of amno anid deficseneies on
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the thymus have appeared in recent years Deficrency of different essential
amino actds depletes the thymus and other lymphoid tissues of Iympho
cytes Young male rats fed a synthetic diet that lached only threonime, one
of the essentral amino aeids 1n thy mic histone, had the thymus excessively
depleted compared with those of “starved control rats,” and also had other
deficiency cffects which disappeared when the mssing amino aed was
added to the dict ®'> Leucine deficiency also caused atrophy and other
changes of the thymus 1% Deficzency of phenylalamne has been proved to
cause atrophy of the thy mus ®'4 This effect of phenylalanine 1s significant
because 1t 15 an essential amino aeid that 1s not usually identified as &
component of thy mus histone

Deficiency of vartous fractions of the B complex which have produced
atrophy of the thymus 1n exverimental ammals mclude thiamine,™3 ribo
flavin, pantotheme ac1d,*® fohie acid,*3! py ndoxne, 34! 955 ptery olglutamme
acid (PGA) !5 and choline 2%5 The cause of the depletion of the thymus by
the absence of the B vitamins 1s attributed to mamtion  and loss of body
weight #3 For example Butler and Morgan! 8 found a sigmficant reduction
m the weight of the thymus accompanied by ly mphopenia, m pynidoxine
deficient rats They hesitated to attribute the loss in thymic weight and cir
culating lymphocytes to pyridoxine deficiency because stmlar changes
follow mamtion

Dietary deficiency 1s a potent factor i thy mic mvolution This 18 shown
by the fact that avitaminosis of thiamine, nboflavin and py ndoxine causes
{1) progressive weight loss, (2) progressive atrophic changes mn the wall of
the gastromtestime (w1th mucosal hemorrhage), (3) ulceration and (4) the
destruction of ganglionic cells n the plex: of Meissner and Aurbach in ham
sters ™3 Pynidovine defictency causes the des clopment of lesions n regions
of the lymphoid follicles and atrophy of columnar epithehial cells 7 Ntacin
deficiency mterferes with the functioning of the Golgi apparatus® and
causes mucosal lestons m the gastroenteron of man ® Pellagra which re
sults from multiple vitamin B and other defictencies ™ 1s accompanied by
lesions 1n the gastrointestinal mucosa®® and hiver 344

Tt 1s not surprising that a number of earlier investigators believed that
“an abundant supply of the water soluble B vitamin strmulates the func
tional activity of the Iymphoid tissue and mereases the number of Iy mpho
cytes mn the arculating blood” ™ They also beliey ed that withholding
B vitamins disrupts functional activity of the lymphoid tissue sumlarly to
that produced by exposure to x irradiation 4 1°

The favorable effects of supplements of By on the atrophic thymus of
the chick apparently 1srelated to1ts PGA content because B; had no effect
1n the absence of PGA 113 Dietary defictency of PGA 1 eredited with caus
ng atrophy of the thymus lymphopcm? and several other dlsordderfs 1";
chichens 8 Al pterm (alone) an of folie acid, produced foli
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acid defictency with atrophy of the thymus spleen and bone marrow—and
leuhopenia when grven to normal anmmals Honever the ¢ deficieney symp

{oras did vot appeat when folic actd was adimmstered with the analogue 7
These results indicate that ‘for 4 certam pertod a given amount of vitamin
will completely nullify & given amount. of antagonist 4%t Thus compleuty
18 stlustrated by the ob ervation of Mestes {1001} that vitamin By and
Aureomny emn completely prevented thymie ntrophy w young rats hept on
corticone and a diet deficient 1n B for 30 day s %

Asitaramass of cerfam B vitamuns depletes I3 mphotd tissue and causes
Yymphopemsa Howerer 1t 15 difficulf {o determine whether one or more
fractions of the satamun B ecomplex was actuslly the causstive agent
Ingmtion and the absenee of cerfamn other vitamns or fatty sesds #7 eee
oudary nfections 5t and a number of olher agents or condibions cause
lymphopena and depletion of the thy mus and other Iy mphod tissue Other
~ources of confusion lie 1n the vanable results reported by earlier mvests
gators who did not tahe wio consideration the ability of some of the labora
tory ammals to supply cortam vitamins by inte<tmal biosynthess or
eoprophagy

Apparently deficteney of any of the B vitamins cauces anorevia and
wterferes with digestion ahsorption and witernal sy ntkeass of protems as
wmdicated by the presence of {emons of the gastromtestne and Iner %8 Ab
sence of thiamene riboflavin or pyndovine from an etherwise balanced diet
reduced secretron by <alvar nd evorbital Iaermal ( pouch ) glands ¢
and caused spastiesty and  ballooning  accompanted by strophic changes
m the ganghonte cells mucosa and muscular layer of the mtestine™s
Synan hamsters Thus 1t is not surpneng that the absence of vanons
vitamin B fractions may terfere with the digestron and absorption of
other \itamuns ammne aads end by which are 1} for the
synthes:s of nucleic acids Deficienty of B vitamns also deereases (1) the
formation of certam coenzymes and (2) the synthesis of profeins and
nueleic acids i fymphord and other tissues The effects on the lymphad
fissues are more obtous because the cells of these tissues fymphory tes are
storage cells for nncleoprotemns

By the cobalt xitamm has a specral function mn hematoporess #7 1
additton te mcreasing appetsie and having funchions 1 nuelere actd and
pratemn metabohsm It1s a potent erythrapotetic agent?®s and 1s an effective
antiperniesouy anemin substange 363 501 100

SYNTRESIS OF NUCLEIC ACID

Many of the B atamins have functions in the sy nthesis of nucleopratems
snd provide components far the synthests of the nueleatides Indhrectly
thes nre sources of components of eoenzy mes which are smportant in the
synthess of vuclei aerds For example fole seid together with B



220 LYMPHOCYTES AND MAST CELLS

thy midine, and the ertrovorum factor, function 1n the synthesis of nucleo
sides from parent pyrimidimes and purines 78 16

One pynimidine precur<or 1s orotic acid which oceurs n milk 2 + 3 and
appears to be the growth factor deseribed by Novak, Hauge and Carrich 1n
distallers’ dried products 8¢ Orotic acid 1s simlar to vitamin By 1n absorp
tion spectra %3¢ The mportance of orotic acid as 4 py nmidine precursor 1n
mammsls eannot be accurately evaluated beeause there are other <ources
and means by which pyrimidines are synthesized For example, aspartic
acid has been found to be a precursor of orotic acid and, therefore, of
py rimidine pentose nueleic acids 833

The functions of vitamin By m nucleie acid metabolism are difficult to
determine because of varous mterrelations of Byg with the formation of
other vitamins Vitamin Byo 35 thought to play an smportant part m the
perparation of carotine for conversion to vitamin A 4 Al<o, vitammn By
stimulates the synthe«s of foltc actd, which 1n turn stunulates sy nthesis of
addrtional vitamin Bys -3 Numerous functions which have been asenbed
to B,. 1n mtrogen metabolism melude mcreasing the 1ncorporation of eir
culating ammo ac1ds mnto tissues’s and playing s part in the synthesis of
ribose, as 15 indicated by the finding that red cells from B, defictent rats
formed less ribose than did ery throcytes from controls #° Vitsmin Bz
appears to function with folte acid 1n the formation of thymidine, the de
oxyriboside of thymine, because thymidine can replace vitamm By m
certam microbiological activittes thymine can replace fohie acd but not
B, 5 Another reason that B, 1s believed to mcrease mtrogen retention
18 1ts capacity to increase the utihzation of dietary protem and to aid 1 the
converston of homoceystine to methionine 1n rats 1% Opinions are drvaded,
however on the ability of By alone to promote growth mn instances of
methy] defictency In some microorganisms By 1s mvolved mn the 8y nthesis
of methiomne serme and thymme as well as purines 7

Admimstration of B, has been used to counterbalance =everal conditions
that 1ncrease protein catabolism Increaced mtrogen rctention following
the admimistration of By, 1s mportant 1n evaluating changes m 1y mphoid
tissues, for B;_ increases nitrogen retention in pernicious ancmia 540 Ether
oral or | al ad tration of By~ counterbal the thyrotoxic
condition produced m chicks by feeding 005 per cent 10dinated casen 10
a corn soybean ration ™ Emerson?- also found that vitamin B, counter
acted the decreased growth rate which follows the administration of desic
cated thyroid gland to rats on a dret free of ammal protemn In addition he
reported that there was mcrea.ed growth of rats which survived thyro
parathyroidectomy but that the rate of growth was slower than n 1ntact
rats given By 87 Vitamm B: 1ncreased the appetite and growth of male
rats which received large doces of thyroprotemn or diethylstilbesterol, but
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1t did not merease the weight of the testes 7 Wang Scheid and Schwer
gert!® © found that decreased spermatogenests and degeneratiye changes
the thyroid were counteracted by the wdmimstration of By Vitamin B,
and Aureomyein protected the thymus 1n rats treated wath cortisone and
an increase 1n B; also decreased the lo s m spleen weight m rats recerving
1 mg of cortisone daily &7

The basic importance of By 1n nucleic acid and protein metabolism 1s m
dicated by 1ts ability to increase growth m mammals and bacteria and by
1ts being essential to various processes, meluding embryonic development
as well as hematopoiests Rege and Sreemiva<an (1950) found that addmg
B, to the media mereased DNA production by Lactobacullus case 19%t De
fieiency of By prevents the growth of Lactobacillus lewchmannu, Euglena
gracillis and a Bacillus cols mutant, 3% and decreases the ¢y toplasmie baso
philia of hepatic cells m rats °18 The cy tologieal changes in the Iiver which
oceur m protein defi are ted by vitammn defi that
decrea ¢ the formation of vitamin coenzyme transformations 53 and thus
favor subsequent atrophy*! and necrosts 38

HISTONES

Lymphoid tissue because of the Iymphocytes it produces 1s a synthesiz
mg and storing organ for the amino acids i huistones Small Iymphocy tes
oceur 1m blood, Iymph, tissue fluid, columnar epithelial eells of the intes
tme 35 7 & and cerebrospinal imd They transport DNA and the amino
acids as histones Small lymphocytes al<o contam rbonucleie acid (RNA)
amino acids other than those in thymus histone, and other substances in the
cytoplasm However, the amount of cytoplasm 1s a very minor part of this
cell The small amount of RNA that the small Iymphocyte contams may
have a most 1mportant phy siologieal funetion 1f as 1s apparently the case,
1t serves as the source of adenosine triphosphate (ATP) and/or adenylic
aad

Infiltrations of small Iy mphocytes localize and inerease the concentration
of most amino actds necesary for mitosis of cells 1n other tissues In 1909
Huishamp prepared nucleohistone from thymus®® and hossel, n 1927
discovered that histones are combined with nuclelc acds 1 eell nuclert!®
in a salt ke combination hnkage 77 Lymphoid tr sues including nodes
thymus and spleen are good sources of histones # 3 Homever the thymus
13 the richest source A 25 per cent yield of histone was obtamned from the
thymus of man and 27 per cent from the thymus of the ox ®* The high
content of histone 1n Iymphocytes has repeatedly been shown by the ex
traction and precipitation of the chromatin of the nucle 8 7t Nycleo
Instone compnised 90 per cent of the chromo omes (chromatin threads of
Mirsky and Pollister 1943, residual chromosomes or chromosomes of Mir
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shy and Ris, 1947} of lymphocytes, whereas chromosomes from hepatic
cells contained only half (45 per cent) as much as lymphocytes

Estimations of the percentage of huistones m thymus nucleoprotetn vary
from 10 per cent, obtamed by Pollister and Leuchtenberger,® to 30 per
cent, obtamned by Allfrey and co workers®® (1952) Chromosomes of differ
ent tissues contain varying percentages of histones For cxample, chromo
somes of calf thymus contamed 8 5 per cent histone,?*? and Mirshy and Ris
{1949) show that chromo<omes in calf Is er contained 39 per cent histone,**
and Swift?° reports that the nucler of lymphocytes and of hepatic cells
have nucleic acid to hustone ratios that ranged from 12 10to16 10

Several proteins in addition to nucleohistones hasve been found in the
nucle: of Iy mphocytes Mayer and Gulick (1942) found an alkalme soluble
protern 1n nuclet 1n the thy mus of the ealf #°° hirkham (1952) reported the
extraction of a globuhn fraction from ealf thy mus which may account for
the additional protemn described by Polhster and Leuchtenberger (1949)
who stated that total protein” 1n nucler of the thy mus gland of gunea pigs
was several times greater than had been assumed from biochemteal analy
515 222 Mirshy and Pollister®® describe a non histone protemn in chromo
<omin that contains about 1 per cent tryptophane The chromosommn of
Steadman and Steadman®’” has reported to contamn argimine tyrosine
glutamic acid, asparatic acid and try ptophane  From a qualitatine stand
point, the controversial status of chromosomm nvolves only glutamic and
asparatic acid because the other amino acids are present n histones,
whereas glutamic and aspartic actds are very readily synthesized within
the organism 4!

Most somatic nucler contamn histones 1n salt hhe combmations with
nuclete acid and protein® 9% However sperm of certain species contain
protamme a sumple form 4 977 Nevertheless, histones i small 1ympho
cytes are very mmportant m the metabolism of other cellz The small
1ymphocy tes are the mature non dividing and crreulating form of this cell
They do not utilize the histones which they contam for their own metabo
ltsm becau e great numbers of histone laden small 1y mphocytes disinte
grate hourly In addition mitosis mn small lymphocy tes 1s very rare and
may be partly due to the high content of histones beeause low histone con
tent has been found 1n tumor cells and 1 normal cells 1n mutosis This re
lation may 1ndicate that an excess of histones may mhibib cell diviston *™"

Thymus histone 13 an 1mportant protein because 1t contains most of the
cssent1al ammno aeids argine histidme Iysine leucine 1soleucine threo
ntne, methionine and valine % 77 11 407 5 The presence of most cssentlt:jl
amno acids as components of histones 1n nucles of lymphocy tes gives adde
significance to their draintegration in the blood and m tissue flurd of con

nective tissue The histones 1n small lymphocytes retamn, 1 an mactive
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form, most ammo aeids necessary for the formation of histones within or
covering the chromocomes

Two amino actds which are essential 1 protein metabolism, “¢ phenyl
alanine and tryptophane are not usually found in thymus histone A trace
of tryptophane 1n histones was reported by ho sel 410 but Steadman and
Steadman®™ state that thymus histone does not contan try ptophane Two
non e senttal amino acids, tyro me*!Z and cj steine, are present in thymus
1 tone 977 The absence of <ome ammno aeids m thymus hstone may be
just as sigmficant 1o the metabohism of 1y mphocytes as 1s the preence of
other amino acids Cysteine, glutamic acid and glycme do not oceur 1
thymus histone 41 The absence of these three amino acids may be sig
mficant, becau e they are inhibitors of alkahne pho phatase #%* All-ahne
phosphatase, which oceurs m all ammal cells except hyaline eartilage 87°
18 very abundant 1n lymphoid tissue«® 993 1% where 1t, occurs chiefly m
the nucle: of the lymphocytes 0 Alkaline phosphata e catalyzes the hy-
droly«1s of orthophosphates from phosphomonoesters and has recently
been found to function m transphosphorylation #32

PROTEIN STORAGE

The “protetn storage, or “amino acid pool 15 an elusive entity In
stead of bemng a defimtely delimted structure uch as stored fat, 1t appears
to be a reversible physicochemrcal proce § carred on at any site 1n the
body when and where 1t 15 needed ** That there 13 storage of protem n
the various tissues and intercellular and circulating flurds of the body
which 15 available whenever 1t 18 needed, 1s indicated by nvestigations
showing that when 20 to 30 g of pla ma protein 1s Jost 1t 13 replaced within
6 to 12 hours presumably from flurd withdrawn from the tissues 3 Thas
stored proten 1n the form of amimo acids 1 combinations amounts to an
estimated 2 to 3 kg n a normal person !

The 1dea that protem, as well as carbohydrates and fats but i less
quantity 1 stored 1n the body s comparatiely new Until 1935 psyst
ologists belteved that there was very little replacement of protem 1n
Inimg t1 sue by dretary ammno aeids and that this was merely ‘to com-
pensate for the ‘wear and tear’ of the body constituents’® Folin and
Dems (1912) explam the then current view that all absorbed protemn
that 18 not u ed m repair 15 catabohzed and excreted by the Lidney=3
Borsook and heighley (1934) showed that mstead of being inert meta
bolieally dietary protem 1s highly 1important 1n the maintenance of the
tiesue and plasma level of free amino acrds 1n furmshing much of the
matenal for the synthesis of protewn and peptides and 1n general 1n
supplying the demandsof continuoussynthe 12and degradation of cellular
protem 32
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Whipple and co workers (1942) have shown that there 15 a defimte
relationshup between diet protemn and regeneration of plasma proteins
and that the “dynamic equilibrium” between the tissue and plasma pro
temns 13 to a great extent dependent upon the proper mantenance of diet
protemn 34 Other works show that hypophyseal growth hormone “facih
tates mitrogen retention and protein synthesis”, whereas adrenocortical
extract mereases unnary excretion of mtrogen and potassium 2 By the
use of 1sotopes, 1t has been determined that the volume of pooled free
amino acids in the human body represents 05 g mtrogen per kg of body
werght > Boothly and co workers believe that hypoactivity of the thyroid
gland 15 condueine to the storage of “deposit proten” and, conversely,
that thy roid hyperactivity antagonizes storage of protem and cau s bresk
down of the excess protemn 1n hypothy roid myxedematous sw elling 1n man o
The adrenal cortex plays a part m mamtainmg the plasma albumin, but
not the total plasma protein level ©° After adrenalectomy or hypophy
sectomy, the albumin plasma level falls and the globulin ratio1s defimtely
reduced ¢° Thyroidectomy was followed by mcreased globulm, but 1t did
not affect the albumin level 34

RELATIONSHIPS OF THYMUS AND GONADS

Involution of the thymus of man during puberty has been recognized
for o long time Calzolar (1898) found that castration caused hy pertrophy
of the thymus and that injection of sex hormones or gonadotropic sub
stances produced mnvolution of the thymus m these same rabbits ¥
Gonadectomy or fatlure of development at puberty delays thymie msolt
tion % A review by Marine Manley and Baumann®? ndicates that go
nadectomy produces or 1s folloned by hypertrophy of the thymus and
other lymphoid tiscues, but that thymectomy has hittle 1f any effect on
the development of gonads Removal of gonads 15 followed by an ncrea €
1n the size of the thymus®? 84 and 1n the weight of lymph nodes ** How
ever, castration of 50 to 60 day old albuno rats was reported to have
retarded body growth of males by 25 per cent but 1t accelerated body
growth of the females by 31 per cent 805 Chiod1®®® obeerved that tes
tosterone propionate produced thymus atrophy n castrated and normal
male or female albmo rats However more recent studics have ind
cated that testosterone mncreases the thymus and other Iymphoid tissues
Admimstration of testosterone to normal animals ncreased nitrogen re
tention ™€ According to Kochadran (1944 and 1950) testosterone reduced
unnsry mtrogen excretion and merea ed the deposition of protemn 1
accessory <exual tissue of normal and castrated rats %48 Testosterone pro
pnonntc““ and varous cryatalline androgens™s mamianed spermato
genesisIm hypophy <ectomized rats but caused atrophy of the testis in non
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hypophysectomized rats that recerved testosterone for 7 days *** Other
hormones aleo cau e atrophy of the testis Rats that recerved thiouracil
over 600 days did not have germ development 1n the testis 188

The thymus of tho e hamsters which recovered from s total body
X wrradiation of 795 r was larger at 33 days after exposure (figs 17 and 18)
than the thymus of controls of the same age (fig 16) Since the gonads of
this group were atrophied when the animals were sacnfired the inereased
size of the thymus was attributed to a permenent disruption of nucleic
at1d metabolism in the testis and ovary, and resulted 1 the thymus re

uming 1ts prepubertal function 1 nucleohistone metaboham 5 ¢ 535 The
results, thus obtained, parallel those obtained by gonadectomy

EFFECT OF THYMECTOMY

Effects of the destruction or removal of the thymus upon the gonads are
nob 5o striking as the effects of eastration upon the thymus Destruction
of the thymus during the first few days of the rat’s life retarded sperma
togenesis %3¢ while x irradiation of the thymus n newhorn rats produced
reversible aspermia 2°2 Howeser, Putzu Donnedu®!® found 1n rabhbits that
1f thymeetomy was performed prior to puberty it produced httle change
m reproduettve activity and if 1t was done dunng the adult state, this
activity was reduced Contranly Plagge® reported that total thymectomy
of newborn rats did not alter the growth of the testes, the formation of
hormones or spermatogene 13 but that performed berall
or at puberty mcreased the weight of the thymus Removal of the thymus
was not found to ha.ten sexual matunty ©?® The more rap:d mvolution of
normal and transplanted thymi i breeding rabbits does not necessanly
suggest a ‘specific nerve influence,’ ®*° but could be a direct result of
mereased protern catabolism or decreased mtrogen retention

Other results of thymectomy include changes in vanous lymphaid
organs Parner found hyperpla<ia of lymphoid tissue arpd the formation of
Iarge germinal centers in the spleen after thymectomy %45 Magnam also
found hypertrophy of the spleen 1n y oung and adult rats after thymectomy,
and Matt: found that primary hy perplasia was followed by atrophy of the
spleen after thymectomy %5 Bayer® beheved that there 1s mutal compen
sation between the spleen and the thymus as indicated by the fact, that
splencetomy inereased thymic effielency and that thymectomy increased
splente activity The reproductrve system would not be expected to be
1nfluenced by thymectomy in some <pecies because other normal Iymphaid
tissues would probably compensate for 1ts function m the storage of nucleo
protemns The thymus of rabbits for example repre ents an average of
about 12 per cent (1133 per cent 1n 5 rabbuts) of the total Iymphoid
tssue, © whereas the vermiform appendix represents about 33 per cent
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of the total weight of body lymphoid tiesue Since appendectomy has
comparatively hittle effect on reducing Iymphocy tes ! the thymus which
represents less than half this amount would have very hittle, if any, demon
strable effect

Some of the controyer<ial effects of thy mectomy have been attributed to
the presence of parathyroid tissue within the thymus ¢ Haberfeld and
Schilder (1909) found accessory parathyroids i every rabbit thymus
exammed 2 Shapiro and Jaffe (1923) demonstrated accessory glands mn
12 per cent of a single histological section from the thymus of cats €%
Nicolas and Swingle (1925) demonstrated accessory parathyrords m 32
per cent of their cats, and Farner and Klinger (1920), 1n nearly every cab
examined %3 Some of the early controversial nork concerming the effect of
thymectomy decreasing growth may be due to the presence or abeence
of functional acces<ory parathyrowds Marine®® pornts out that acce ory
parathyroids account for different results follonmg extirpation of para
thyroids Among the many vaned effects attributed to thymectomy 18 the
defective formation of the shell and albumen of bird eggs #° Gilmour™
suggests that defective egg development may be due to the parathyraids
being embedded or buried n the thymus Gewers (1930) claimed that
thy mectomized guinea pigs had defective caleification of the tecth 54

The high meidence of accessory parathyroids may also account for
the reports on the development of rachitic lesions in thymectomzed rats?®
and for altered osseous development 1n various anmals following removal
of the thymus 2

Nutntional deficiencies cause atrophy of the testes and involution of
the thymus Most deficiencies of B vitamins or amino acids, which cause
depletion of the thymus and other Iymphoid tissues, also cause atrophy
of the testes Nucleic ncid formation decreases mn the testes ag well as 10
the lymphoid tissue 1n conditions of deficiency of thiamine or certain
other of the B vitamins 17 Thus 1t.1s not surprising to find that deficiency
of any of the B vitamins inhibits spermatogenests * Jacksont™ reviews
the literature on the effects of deficiency of individual B fractions and
makes the gencralization that ‘the testes are especially susceptible to
dictary deficiency of vitamin B ’ Deficiency of Byz for 4 weeks 1n rats de
creased spermatogenesis and produced other degenerative changes of the
seminiferous tubules and interstitial connectrye tissues 2070 Atrophy of the
testis has also been produced experimentally by diets deficient 1n various
ammo scids including defictency of phenylalanme ®1* threonme®’® and

arginme *°°
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The Spleen

The spleen 18 an organ for the cons ersion of extracellular pla ma proteins
into ntracellular protem, chiefly for retention m des eloping lvmphocytes
and pla macytes Lysis of theee cells converts the mtracellular protems
mto extracellular proteins This capacity of withdraming and releasng
proteins permuts toa urprising degree, regulation of the amount of plasma
proteins transported by the hepatic portal vemn to the liver Speeialized vas
cular arrangements which enable the apleen to store nucleoproteins and to
perform these revermble interconyersions include the highly =pecialized
«mu es and the systemc hepatic portal ta cular relations Burnett and
Fenner s! * view that the pleen1s the only organ in which the blood 18 m
direct contact with the tissues of the organ <eems to sumphfy the explana
tion of this relationship however, this statement apparently presuppo es
the presence only of ¢ open” splenic capillaries and may need to be amended

The plecn 13 a regulatory or acce ory organ, rather than a wital organ,
as 15 mdicated by the numerous imnstances in which plenectomy has not
produced any permanent or deleterious effects i men or mammals under
normsl condttions However this statement may be questioned if there are
pre ent those conditions which require splenectomized animals to need

orely therr splenie blood reserve For example, 1t has been hown that
when gplencetomized and normal guinea pigs were expozed to atmosphere
contatning known percentages of carbon monoxide the splenectomized an

mals succumbed much sooner’ than the controls It was found that the
normal gwinca pigs urvived amounts of carbon monoxide which were lethal
for the cplenectormized animals 77

The spleen does not contain characten tic cells t1 <ues or structures as
do most organs The rematkable splenic 1nus has no counterpart, but other
structures have maller and less spectalized sinu oids which contain the

ame littoral cell types that oceur 1n splenic Linuces The hittoral type of
rctieuloendothehal cells whieh are pre ent 1n the spleen also oceur 1n the
hver and bone marrow Lymphocytes monocy tes and plasmacvtes are pres

ent 1 most t1 sues uch as the lymph nodes blood and connective tissues

The di tinctive functions of the spleen are due to the facts that blood 1n

stead of lymph s the body fluid 1n contact with the e cells n the pleen and
that the lnghly specialized splenic sinuses which are depicted and descnibed

g
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of the total weight of body lymphord tissue Since appendectomy has
comparatively little effect on reducing lymphocytes,5 the thymus which
represents less than half this amount would have very little, 1f any, demon
strable effect

Some of the controser«al effects of thymectomy have been attributed to
the presence of parathyroid fissue within the thymus ¢ Haberfeld and
Schilder (1909) found aeces<ory parathyroids mn every rabbit thymus
examined %8 Shaprro and Jafie (1923) demonstrated acces ory glands m
12 per cent of a single histological section from the thymus of eats®*
Nicolas and Swingle (1925) demonstrated accessory parathyrowds m 3o
per cent of their cats, and Farner and Klinger (1920), n nearly evers cat
exammed ¢4 Some of the early controversial work concerning the effect of
thymeetomy decreasing growth may be due to the presence or absence
of functional accescory parathyroids Marine®® points out that accessory
parathyroids account for different results following extirpation of para
thyroids Among the many varied effects attributed to thymectomy 1s the
defective formation of the shell and albumen of bird eggs #0 Gilmour™
suggests that defective egg deselopment may be due to the parathyroids
bemg embedded or buried i the thymus Gewers (1930) claimed that
thymectormized guinea pigs had defective caleification of the teeth

The high cdence of accessory parathyroids may also account for
the reports on the development of rachitic lesions n thymectomzed rats™™
and for altered osseous deselopment in various animals following removal
of the thymus 983

Nutritional deficienctes cause atrophy of the testes and involution of
the thymus Most deficiencies of B vitamins or amino acids, which cause
depletion of the thymus and other lymphoid tissues, also cause atrophy
of the testes Nucleic acid formation decreases in the testes as well asn
the Jymphoid tissue m conditions of defictency of thiammne or certan
other of the B vitammns 17 Thus 1t 1s not surprising to find that defierency
of any of the B vitamins mlubits spermatogenesis #¥ Jachson*™ reviens
the hiterature on the effects of deficiency of mdividual B fractions and
makes the generalization that ‘ the testes are especially susceptible to
dictary deficiency of vitamin B 7 Deficiency of B, for 4 weehs mrats, de
creased spermatogenesis and produced other degenerative changes of the
sermimiferous tubules and mterstitial connective tissues 1970 Atrophy of the
testis has also been produced experimentally by diets deficient 1n various
ammo acds, T 106 y of phenylal 914 th 915 gand
0 508

arginin
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The concept of the spleen bemng a protein regulating and storage organ
does not preclude this organ from having other functions For example, the
red pulp of the <pleen serves as a resers oir of blood *7 #° and also of whate
blood cells and platelets 1n addition to red blood cells 7 However, stasis
of the blood 1n the spleen favors phagocytosis and plasmacytogenesis In
addition, the retention of blood 1n the spleen 13 & mechanism for the rapid
expulsion of blood For many years the spleen has been recogmized as a re
serve for erythrocytes *f 43¢ wineh can be forced mto tirculation by con
traction of the eapsule Anoxema has been considered a cause for the con
traction of the spleen %% Products of muscular activity have also been
shown to cause splemic contraction ™ The affect of exercise may alter the
structure of the splecn, for example, dogs tramed for endurance running
have been reported to have an increase of trabeculae, but only a very shght
merease 1n the musele 1ay er of the trabecular veins 4 5 Al o, the spleen may
be important as an mmmediate avarable source of proteins, proteolytic
enzymes peroxidase and othcr substances

INTRACELLULAR AND PLASMA PROTEIN SHIFTS

A )| of and end protein was suggested as o
possible function of the spleen by Weich.el 2 7 1078 The formation of plas-
macy tes durmg antibody formation®? 1s another function Whipple and as
sociates (1942, 1943) state that there1s terch of molecul
between blood and tissues m the dog 1984 If _uch mterchange 18 orcurnng,
the spleen would be a most wmportant organ for this conver.ion Further
more the synthesis of nucleohistones by large Iymphocytes and the differ
entiation of some of these stem cells represents intracellular retention of
Proteins i small lymphocytes a cell which stores and transports nucleo
protemns as a “pachaged unit Furthermore the distnibution and concen
trations of lymphocy tes and their disintegration 1s regulated by hormones
by the histamme epmephnine balance, and by the balance between the
parasympathetic and sympathetic nervous systems The spleen also con
tans reticuloendothelial cells which are specialized 1n withdrawing abnor-
mal proteins from the blood 422 17 43 well as abnormal carbohy drates and
hipids Granular leukocy tes are also mvolved mn carbohydrate shifts in the
spleen Wagner (1946) showed that the granular leubocytes were the only
blood cells to carry glycogen 1107 Wislock1 and Dempsey 1198 narrowed this

tat t to 1nelude only n hals The carbohydrase, 8 glucuromdase

and an enzyme responsible for ephtting the linkage of the alcchols with
glucurone acrd are 1n blood plsema and are ‘present 1 high concentrations
m leuhocytes 9% When speaific antisera are used mature and immature
lymphocytes and poly morphonuclear 1eukocyteq have peatfic antigemie
substances  which connote a diff m

between
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by Runisely,®! 5~ are situated between the artenioles and the hepatic portal
venules

Three well recognized functions of the spleen meclude (1) storage of
blood, (2) destruction of erythrocytes and other blood cells, and (3) the
production of lymphocytes 1n the white pulp 77 Howeser, these three fune
tions may be considered as facets of the one basic function of 1ts bemg an
organ for regulating protems i the blood

Plasma protems n certan forms of hyperproteinemia are partly with
drawn from the plasma and retamcd mtracellularly wathin the spleen by
the process of lymphocy top and pl ytog Mitosis of large
Iymphocytes i the germmal centers of the white pulp serves to retamn and
store nucleoproteins, as lymphocytes are formmng In turn, lysis of these
cells releases protein primanly mto blood i the hepatic portal vein The
disintegration of erythroey tes and leukocy tes in the spleen 1s al<o a source
of protem which again may be retained ntracellularly or pass wmto the
blood of the hepatc portal vein Quantitatively, the disintegration of eryth
rocytes 1n the spleen becomes a mgmficant factor m considering protem
metabolism

There are many reasons for failure to recogmze the basic function of the
spleen 1n protein metabolism In the first place, cells which are present 1n
the spleen occur 1n several other organs and tissues Hypertrophy of these
cells partly compensates for some of the effects of splenectomy Some ex
perimental data that were necessary for arriving at the functton of lympho
evtes and plasmacytes i nucleoprotein metabolism were dependent upon
the use of several of the more recently devcloped techmques such as radio
actrye 1sotopes and electrophoretic methods Furthermore <ystemic changes
1 Iymphoid and hematopoietic tissues alter lymphoid tissue m the spleen
Another reason 1s that certamn steps m protem catabolism begin m the
spleen, but are leted 1n hepatic ds, the liver therefore, 18 ac
credited with bemng the organ 1n which the function occurs Furthermore,
the «pleen changes 1ts function during ontogeny but can repssume hemato
potetic functions m certain normal physiological condrtions such as preg
nancy 1n hamsters 38 Ascertaining the functions of the spleen 15 further
complicated by the wide variations n its sigmficance as 2 hematoporetie
organ m the various classes of vertebrates

The splecn has been studied by nvestigators m several fields Physiolo
gists have stressed its function as a reseroir of red blood ¢ells hematolo
gists, as & hematopoictic and hematoly tic organ and immunologists as 8
source of L F 1 often ) the ¢ filter like ’ function
of the reticuloendothelum m the phagocytosts of parasites and removal
from the blood of various abnormal or excessive substanees, such as cho

lesterol
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YASCULARITY OF THE SPLEFX

Splemse vaseulanty and the high degree of spectahizstion of the smuses
are cont oversial subjocts The speehzed morpbology of the splente er
nuses 1s the anatomieal basis for the function of the spleen m protewn me
tabolism The spleen has a very nich blood supply #* which 1s characterszed
by the presence of & speetalized venous smus A sphncter valve oceurs at
each end of the sinuses and permats the filling of the sinus with artenal
bloed and its retention for + wrying persods of tme This mechamsm 1=
germane to the {unction of the <pleen 1n the interconier<ion of protems be
{ween extra and intracellular forms The artenes enter, and the vesns and
13 mphaties leave the _pleen through the alus The trunks of the ¢ vessels
are usually parallel in the trabeculae Arteries in the spleen have been con
sidered to be termum il rather than anastomonng vessels™! and are definitely
assocsated with the winte {lymphord) pulp, whereas veins oceur primarily
m the red pulp Infarction due to ocelusion frequently occurs, ¢ pecally
man,1® 13 438 0% hacau e there ar very few or no intresplenic artersal
anastomose 1F 3% €4 309 Arteriovenous anastomoses®? and arterial vapil~
lary venular shunts® * ™ Lave been deseribed, but apparently their pres
ence 18 not umversally accepted

Arteriovenous Connection

A number of mvestigators who studted the vascularity of the splien
hixed or Itving preparations failed to record therr finding of this type of
anastomaosts wm this organ,“? although 1t has been sugyested that arterio-
venous anastomones ocour throughout the body However Prinzmetal and
associate.® have shonn that glasy spherules, many times the diameter of
the capitlaries, injected anto one of the spleme artenal branches tra ersed
the spleen 1n 30 second o le s, 1 5 doge anesthettzed with pentobarintal

adwm The glass spherules had diameters of 160 to 370 ¢ and W ere reov
ered n the splenc vein or Iiver of all 5 dogs mjected These investigators
thereby, believe that the spleen has drrect artenovenular anastomases
which serve ag shunts

Just how the arteriolar blood pas s into the venules sa the mirasplenie
or separatory, ctrculation®™ has not becn determined to the satisfaction
of all the mvestigators concerned with this problem 18 22 851 54 st
4 730 T8 107 The various results form the basis for three prmerpal ap
proaches to the problem of arterioy enous junction an the separatory erreun
Iation (1) Intheso ealled closed approach the arterial capillaries en
ter the venous stnuses directly, thus forming & continuons tube (2} 1n the

open approach the artenal capillaries are beliesed to end as open tubes
which spill the blood into the mtercellular spaces a the red pulp whenee 1t
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mature and immature lymphocytes and between mature and jmmature
granulocy tes 950

Many functions of the spleen have special saigmificance beeause blood goes
from the spleen directly to the liver Destruction of erythrocytes 1 the
spleen results m the formation of hematin, hemin and h rphy rin,
which are normally eliminated m bile, whereas mtrasenous mjections of
these substances cause bilirubinemia 10 3 Furthermore, withdrasal of cer
tain substances by reticuloendothehal cells m the spleen deters the reten
tion of these substances by Kupffer cells in the liver The formation of foam
cells in the liver blocks the passage of blood through sinusoids 1n the liver,
whereas the formation of foam cells m the spleen oceurs n an organ nhere
there 15 less mnterference with the vital functions

The spleen takes the brunt 1n the eatly stages of Gaucher s disease m
man ®7 In this way 1t protects the liver and bone marrow for a time, or
cven possibly cffects remission of the disease before the Iiver becomes 1r
reparably mvolved The common occurrence of infarets, many showing
fibrous replacement 1n the spleen m chrome Gaucher s disease,!t may indi
cate an actual basis for the suggestion that the spleen impedes the progress
of Gaucher s disease Apparently, the hepatic nvols ement begins as a pro
gressive engorgement of the hupffer cells with kerasin and leads to the
disruption of the orgamzation of the hepatic lobules with subsequent
anema and death of hepatic cells 151

That venous blood from the spleen empties into the hepatic portal vem
18 most tmportant 1n conuidering the functions of the spleen m protemn me
tabolism Catabolic processes which begin in the spleen often are completed
m the liver Amino acids freed by proteolysis m the spleen can pass directly
to the liver, where they can be decarboxylated or deaminated, or where
they may be used by hepatic cells 1n the synthesis of albumin and fibrino
gen Purines and pyrimidines can be oxidized w hen the splente blood reaches
the liver In addition plasmacytes disintegrate m the splenic and hepatic
portal v ein®? so that their content of nibonucleic actd (RNA) and globuln
1s immediately available for utihzation by hepatic cells

Interchange between extracellular and intraceflular protemns occurs
all lymphord tissues The spleen however 1s interposed between artertal
and venous vascular systems whereas lymph nodes are interposed betw cen
tissue flnd and blood Extracellular protems mn blood mn the spleen may be
used by large lymphocy tes and then stored and transported mtracellularly
1n the mature differentiated cells which are Lno'\sn as s‘mull l);mph;zyr:i

fr‘ tog rep m! r protein

;I:;i Ix’smnc:fn:“y reconverted to utizable extracellular forms nsmtghls cell
disintegrates 1n the hepatie portal vem and «inusoids of the liver
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The desersption of the central artery andits branches which termiate i
three ty pesof eapiliaries wastaken chiefly from the work of Koy efy 91 2

1 The peripheral capillartes of the Malpighian body belong to the con
veptional type These capltanes form a network around the nodules wnd
<upply most of the whnte pulp and as typieal venous capillanes commonly
empty into vemular tributanes of the trabeeular vems

2 The straght or curved capillary shunts are escentrally sinusal eapl
Jantes mhach by pass the <plenie sinuses by coursmg arcund or between
them to empty dureetly into collecting venules It has been suggested that
the functon of shunt capslianes 1s to nourish the trssues ¢ during the long
storage phases of the simuses ® ! The <hunt captllanes probably abwo af
ford an estape or overflow in the vyvent that exce s blood 1s oceasioned by
contraction of the valies that control the flow through the venous sinuces
Shunt capilanies may have an addihonal relafion to the venous siuses
sufar ta that 1o which artenoyenous {a 1} connections have to the true
eamlilaries in the meventery 1138 and elsew hiere That 1 blood may fow con
timuously through shunt capillanes independently of the smount passing
through or detasned by <inusal valves

3 The arteris] sinusal capiliartes are branches of the same arterioles
which give nise to the shunt capillanes but they termnate mm the venous
simuses

Structure and Funehion of Sinuses

"The sunple venous sinus of the <pleen 1s basically < dilation of a pemait
lar capilary and 1s shaped somewhat lihe a aweet potato or cucumber with
an afferent arterial capillary entering at one end and an efferent 1enous
capillary extting from the opposite end It empties directly snto a venunle in
ning uastirantated spleens 551 Many vanstons 1 the modes of wiercon
nechon betw een t7.0 or more sinuses eccur ¥ 9% Byzarre vanations m the
number and arrangement of afferent and efferent camilanes have al o been
reported ¥

The wall of the splenie sinus 1s pnmanly composed of speeishized retien
lar connective tissue cefls™ and s Jined with reticular endothelial celis
These endotheltal cells are ntensely phagoeytic ™* but are sometimes
saxd to be Jess activ e than the phagoeytes 1o the red pulp 1S The presence of
preformed openings (mural stomata)®®* i the wall of sinuses 1s a disputed
pamnt 1 esnusal structure 1% 11 7 hyes$™ necepts Mother sW1 s1ew that
Iacunae (stomata) are present m the stnusal walls of lower ammals but he
points aut that there 13 no morphological proof that mursl stomata are
present i the splente snuses in man Nervertheless blood *® Iy mphocy tes
and erythrocy tes®™ pass through simusal nafls but plisma and colforde
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cventually wanders, presumably, through mural stomata mto the venous
smnus (3) In the “mixed’ or “compromuse ’ approach, some of the arterial
capiliaries remain “open,’ and others enter the sinuses directly (clo cd),
still other arterial capillaries by pass the simuses and enter the yenules di
rcctly &5t 7935

Arey?® believes that most of the available evidence appears to favor a
closed system Other 1nvestigators’ ! 694 746 193 heliey e that the closed sys
tem of circulation 15 operative with some modification meluding leakage
Others mamtain that the passage of ery throcy tes and Iy mphocy tes through
sinusal walls 1s difficult to reconeile wath exther the open or the closed the
ones of ewrculation ** However, the great number and specialized archy
tecture of the sinuses which apparently give ongin to all venules 1n the red
pulp® ! indicate that comparatnvely few of the arterial capillartes empty
directly mto venules or veins Historieally, 1t 1s interesting to note (1) that
the basie principles of the <o called open sy stem were hypothestzed by Bil
roth (1862) and several other investigators (2) that Weidenretch®®
(1901), Schw exgger Seidel (1863) Thomas (1899 and 1924), Helly (1901
and 1903) and others described or observed the direct entry of artenal
capillaries into the v enous smuses in the spleen®™ and (3) that this problem
had not been satisfactonly solved as Iate as 1957 18 €61

The morphology and much of the physiology of splenic sinuses are de
scribed by Rnsely ! *  who used transillumination of the iving, unstimu
lated spleen by means of a fused quartz rod His findings on 75 muce, 30 rats
and 15 cats were compared with the adverse findings of Mackenzie, Whip
ple and Winterstemer (1941) and were venfied experimentally by Pech
and Hoert™® who accepted Knisely’s® 1 ® explanation as probably the
correct concept of the eirculation as 1t pertams to the splenie sinuses

MacKenzie, Whipple and Winterstemer (1941) used 210 muce, 12 rats,
6 rabbits, 8 guinea pigs and 13 cats® i making a restudy of hmsely swork
These mnvestigators reports categorically denied”s* and are in “complete
disagreement '3 with hmsely s findings Pech and Hoerr™ made a re
study of both of knsely s papers and of MacKenzie Whipple and Winter
stemmer’s papers with special emphasts on the techmque of w2 vwo trans
Mlumination of the exteriorized spleen by means of a fused quartz rod and
of the env al conditions ncident to the expeniments Pech and
Hoerr found that mmute vibrations distorted or completely obliterated the
defimtion of structure under magmfications of or even less than, 600 to 800
times, and that thermal changes of 3 C altered the flow of blood 1n hving
unstimulated spleens The account of this restudy makes interesting read
tly conclusrvely establishes the 1alidity of hmsely s find

1ng and, app
ngs
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In general with the posaible exception of fus faslure to observe wural
stomata 1 normal spleens 1n 12v 0 % histologists appear to be favorably
mmpressed with the over alf applications of husely s 3 explanation of the
functions of «plenic sipuses except that some mvestigators and wnterst® 3
403 553 53 801 W 9 gnparently feel that neither the apen nor the closed
soneept 18 adequate to explan the functions of the <plente «mus Bjork
mant®® (1847) suggests adding another demignation He thinha that the
plasma fiktermg functions of simuses such as he has demonstrated by the use
of smected starch and as Kmsely® * observed 1n hiving apleens <hould
be elassified as ‘divided airculation

Changes m ¥ olume

The 1dea of the spleen as & reservorr for exythroey tes and bload plasms
13 nudely aceepted Howeser few miestigators have been interested m the
spleen a8 a revertoir for the nucleoprotemn bearing lymphocytes or m the
1eeg obvious function of blood retention mn relation ta pratealy sis and to the
wira and exiracellular mnterconcersion states of protemn The amount of
distention by blood or the sudden thythmic contraction of the wpleen 1s
related chrefly to the activity and amount of «mosth muscle which 1s pres
ent sn the capsule snd trabeeulae and which yanes in different animals 89
Splente contraction 15 very pronounced tn eats and dags 7 but 15 more
feeble 1y men ** 2

The volumnous hterature on the normal functions of the spleen and sts
response to excitement ad ration of b drugs ch is or
other agents mdicates a wide range 1 the results that are obtaned Some
mvestigators behieve that rhythme contractions of the spleen enhance the
movement of blaed T 4% 1 the red pulp and of the non cellular compo
nents of blood throughont the white pulp 2" The splecn of the cat 1s ea
pable of storng oue sixth of the blood volume of the animal 77 ¢ which
includes up to one fourth of the total number of ery throcytes This reserve
of cells and plasma may be expelled w response to very strepuous evercr e ?
»pontancous rhy thmenl contractions of the spleen suffient to cause warves
m traaings of blaod pressure have been obsers ed ?* presusnably m doge

The lstolomeal nature of the eapsule and trabeculae of Iy mphod tiene

{when present) determmes » hether theee are merely elastic or both elastic
and le structures Org: tion of the *mooth muscle and elastie
fibers m the capsule and their extension mto the trabeculae 18 91 mokes
the spleen the only lympherd structure which 1s capable of an appreciable
degree af distention and contractihty The capeule of the epleen of smany
18 d of dense e tisme formed of ola Lic and
collagenous ﬁbm and o few smooth muscle eells  The trabeculae are ex
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(but, not blood) are beheved to pass through the sinusal wall during the fil
tering stage of «inus activity 581 783 1 7

The vanious functions of the splenie sinus are pnmanly related to its
contracted or dilated condition which 15 controlled by sphineter valves lo
cated 1n the arterioles afferent and/or efferent capillaries 5! Peck and
Hocrr™ state that only cxtreme contractions materally affected splente
circulation, although rrregular splenic contractions were observed m prac
tically all the mrce studied However, Knrselys ! observed that during the
conduction phase, pulsation of the afferent capillary, smus and efferent
venule frequently oceurs Knisely® ! and Pech and Hoerr™? describe sinuses
which vary from only shghtly distended with both afferent and efferent
valves open and blood flowing through freely , to greatly distended with ef
ferent valves closed and the retamed blood cells pached so tightly that m
drvidual cells could not be distinguished

The splente sinus undergoes cyclic activity during which at least three
distinet phiases hate been described,® ? i addition to 1ts continuous or con
ductron phase During the conduction phase the sinus has a diameter about
2 or 3 tames that of 1ts afferent (pemcillar) eapillary Apparently, its func
tion at this time 1s primarnily a tube for the conduction of blood During the
filtration filling phase the sinus continually increases 1n diameter as a Te
sult of progresaive elosure of its efferent sphincter valve, and impounds n
creasing numbers of blood cells accompamed by loss of plasma and colloids
through the walls, until the sinus becomes greatly distended with red and
white blood cells so closely packed as to form “cast’ of 1ts lumen 5 This
storage phase may persist for a few minutes or several hours (up to 10
hours m a eat) 17 Then the efferent valve may partly open and causc a
delayed or interrupted empty ing of the <inus or the valve may open speed
1ly and maximally permitting the sinus to empty suddenly ™3

Retention of erythrocytes m smucoids of the spleen alters the interface
betwcen erythrocytes and plasma and causes the biconcave mammahan
erythrocytes to become spherical and thereby more readily hemoly zed 100
1t 15 al<o believed that the function of sinusoids 1s to serve as a blood de
pot 248 probably serving in the emergency function of the spleen as a blood
reservoir 7

"The splenic sinus appears to be a very important site for the transforma
tion of Iy mphocy tes into plasmacytes It has been shown that plasmacy tes
1n 6 lactating hamsters formed a mean of 24 8 per cent of the white cells i
the sinu es but only 90 per cent of the wlite blood cells m the aplenic vein
and 8 8 per cent of these in the hepatic portal vem The average of these
percentages n 4 control hamsters was 13 0 1n swnus, 23 mn the splenic yoIn
and 3 0 1n the hepatic portal veins 1? These cells were absent in penipheral

(jugular) blood n all the ammals
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In general with the possible exception of hs farlure to observe mural
stomata 1 normal spleens 1 vivo,*® histologists appear to be favorably
ympressed with the over all appleations of kmeely 5%t explanation of the
functions of =pleme stnuces except that some investigators and writers'® 303
493 5t 5% 681 101 gpparently feel that metther the open nor the closed
concept 1s adequate to explam the functions of the splemc smus Bjork
mam®®® {1947) suggests addmg another designation He thmks that the
plasma filtering functions of sinu es such as he has demonstrated by the use
of mjected starch and as hmeely® * 55 observed 1 hiving spleens, should
beclasstfied 85 diided careulation ™

Changes 1n V olume

‘The 1dea of the spleen as a re ervoir for erythrocytes and blood plasma
13 widely accepted Homever few savestigators have been interested in the
spleen as a reservorr for the nucleoprotein beanng Iymphocytes or 1n the
Jess obv1ous function of blood retentson 1n relation to proteoly«s and to the
mtra and extracellular ntercons erston states of protem The amount of
dr tentron by blood or the sudden rhythmic contraction of the spleen 1s
related chiefly to the activity and amount of smooth muscle w hich 1< pres
ent in the capsule and trabeculae, and which vanes in different animals 56
Splemc contraction 1s very pronounced mn cats and dogs,™ but 13 more
feeblen men 30 ?

The voluminous literature on the normal functions of the epleen and its
e ponse $0 excitement admmmstration of hormones drugs, chemeals or
other agents indicates a wide range 1 the results that are cbtaized Some
mvestigators believe that rhythmie eontractions of the spleen enhance the
movement of blood®™ 93 1n the red pulp and of the non cellular compo
nents of blood throughout the white pulp *97° The spleen of the cat 13 ea-
pable of storing one sixth of the blood volume of the animal 77 78 which
meludes up to one fourth of the total number of erythrocy tes This reverve
of cells and plasina may be expelled in response to very strenuous exerc e ¥
Spontaneous rhy thmteal contractrons of the spleen suffirtent to cause waves
m iracmngs of blood pressure have been ob erved 7 presumably i dogs

The histological nature of the capsule and trabeeulae of Iy mphod t1 <ue

(when preent) determnes whether the e arc merely elastic or both elastic
and contractile structures Orgamization of the smooth muscle and elastic
fibers 1 the cap ule and their extension into the trabeculae 1® % males
the spleen the only 3 mphord tructure which 1s capable of an appretiable
degree of 1 tention and contractility The capeule of the apleen of many
mammals 19 compo ed of dense connective tiesue formed of el tic and
collagenous fibers and & few smooth muscle cells The trabeculae are ex
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tensions of the capsule that passes into and subdivides the parenchyma of
the organ 16 séo

The smooth muscle fibers 1n the connective tissue capsule and trabeculae
of the spleen?® 54 6% make possible the slow, rhythme puleation hke
changes m the v olume of this organ 1 normal ammals and man %% Exeite
ment, admimistration of epimephrine, Prituitrin, pilocarpine or other agents
greatly increases these contractions 77 Epmephrine may cauce either re
Inxation or contraction of the spleen % When 1t acts on the dorsal root
ganglia, serulunar ganglia and certain terminal structures in the spleen,
epnephrine eases active dilation and ‘constriction by ganghonic or more
penpheral action 97 The considerable Iy mphocy tosis caused by mjeeting
epmephrine subcutaneously into man or mtravenously into rabbits 1s at
tributed to the contraction of the spleen *7®

The fact that splenic contractions foree large numbers of erythrocytes
mto the circulation was estabhshed 1n 1927 and 1928 by Bareroft and
Poole 31Tt 1snow a generally accepted dictum that strenuous exercise, high
altitude sudden fright and eertan other conditions eause the spleen to
discharge 1ts stored reserve of red cells into the splemic vein 7

Lymphatic System

The lymphatic sy stem of the splecn 1s peculiar m that the trabeeular and
capsular systems are independent of each other®® although the collecting
Iymphatics m the trabeculac and capsule dram toward the hilus The
lymphatics are poorly developed 1n the human spleen, where they appear
to be limited to the capsule!® ® and to its larger projections, the trabecu
lae 661 746 117 Jordan*®® states that lymphatics do not occur withm the
parenchyma of the spleen presumably m man Arey® pomnts out that
Iymphatics may be demonstrated in the wiite pulp but not 1 the red
However Snook (1946) has shown that deep lymphaties oceur m the pulp
cords (red pulp) 1n the monkey and guinen pig,**® horse, mole and mouse 1* 7
Drnker and Yoffey 3 believe that the rhythmie pulsations of the spleen
compensate for the paucity or absence, of lymphatics in the splenie pulp
and several investigators apparently support this :dea ™

Barcroft and Florey (1928) found that the splenic Iymph was colored
blue after hgation of the spleme vemns and the injection of trypan blue
into the splenic arteries In non mjected dogs lymph was staned with
blood before1t entered the thoracic duct w hen spleme veins were hgated 1 7
Splenie ymph from dogs (anesthetized with methane) flowed at the rate
0f 012 to 0 54 ml per hour and contained an aserage of 61 per cent as much
n as the blood plasma ' 7 Values for the total protein levels of lymph
out 81 per cent lungs, 69 heart 65 thoracic duct,

d <hin 28 per cent of the blood plasma level l(::bout
)1

proter
from the liver were ab

al duct 48 an
gog'oc;r;e:: cent, of whole blood 1n dogs under Nembutal anesthesia)
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SPLFFN AND LYMPH NODES COMPARED

The capsule of lyraph nodes 15 simlar to that of the spleen 1 being, a
dense connective tissue structure which 1s posed chuefly of coll
fibers “with a few fibroblasts’ and scattered delicate elastic fibers which
form dispersed and more numerous medial networks Che few smooth mus
cle cells 1n the capsule are situated chnefly at the sites where the Iy mphatics
enter and leave the node 8% Fis (1862) Hellman (1930} and others ob
served vary ing amounts and distribution of smooth muscle cells m the cap-
sule and trabeculae  The trabeculae 1n lymph nodes are continuations
of the capsule which form stout, but frequently interrupted, partitions ! ¢
throughout the node and for the most part, are covered by the reticular
{ramework % The parenchyma of the node¢ occupies the cortical compart
ments (cortical follicles) and the medullary compartments (medullary
cords) which are delimited by the trabeculae ! Since the trabeculae are
snterrupted 1n places the eortical {olhicles and medullary co ds may be con
tinuous at these pomnts % The sinuses are essentallv, Jooselv meshed sub
cap ular and paratrabecular {the trabecular simuses) arcas

This type of architecture practically preciudes inereased volure of the
node as a whole but 1t provides for considerable volumetric change n cer
tam individual structures within the node Numerous mvestigators, in
cluding Hio (1862), supposed that the smooth muscle cells in the capsule
and trabeculae functioned in the ‘ propulsion of lymph or i expellm,,
Iymphocy tes from the node 5 The repeated failure of Drnker and Yof
fey 5 to demonstrate contraction of the pophteal lymph node m = do,, by
perfusion with physiological =alt solution, with and without the addition
of adrenalm, does not 1ndieate that smooth muscle cells are incapable of
constricting afferent or efferent lymphaties at the eapsule, or of exerting a
mild vanable form of pumping, action especially upon the subcapsular and
other sinuses and/ox follicles or medullary cords Florey (1927) and Mar
tn (1932 observed that the addition of adrenahin fo mesenterie lymph
nodes of dogs and cats suspended in Ringer s <olution usually caused con
traction of the node independentlv of the blood vessels of the node 5t

Lysis of lymphocytes and pla macytes in the hepatic portal vemn could
furm h many substances which are altered by the <tress reaction Countrace
tion of the splemie capsule 3 ® ¢ produces a tidal wave of blood rch in
Yymphacytes and plasmacytes or their components which 1s forced mta
the splenic vem and Iiver hlewner ** ponts out that the mechamsms by
which the sympathetic stimulation of the adrenal glands augments gly co
genoly w1 18 not known

Deoxynbanuclease (DNAa e} ribonuclen e (RNAa e} and other cn
zymes degrade the nuckoprotems of these ecllx and could produce s1g
mificant 1ncrease 1n adenyhe acid 1 the Liver 1907 If adrenaline acts on the
adrconcorticotropic hormone (AGTH) to tnerease the 1elease of cortisone,
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the extensive cytolysis of lymphocytes % would be important sources of
RNA and other nuclete acrd derrvatives for use 1n the hver and other or
gans For example, leotides from the leoproteins of lympho
cytes and plasmacytes may be a source for components of several coen
zymes The greater amount of lysis and the systemic distrbution of the
lymphocy tes undergoing dissol would be fieantly increased

Increascd blood between the cords 1n the adrenal cortex® could con
siderably increase the excretion of the adrenocortical lipids The medullary
and cortical sinusords become greatly dilated with blood during acute stress
The alarm reaction of the fasiculated zone “may assume an almost heman
glomatous aspeet” following “over dosage with folliculoids °  Inereased
production of ACTH can cause hyperemia, hy pertrophy, hyperplasia and
“an ncereased eytoplasmic granule storage in spite of a simultaneously in
creased corticoid seeretion” within the adrenal glands® The foregomg
accounts of the results obtamned with hrine indicate that increasing
the amount of epinephrine usually ncreases splenic contraction This proc
ess forees unusual quantities of growth promoting and other essential sub
stances 1nto the spleme vein and thence to the liver

Cells in the Spleen

The spleen contains many kinds of cells, but 1t does not have a char
acteristic type of cell In the normal spleen there are monocey tes, macro
phages (general, histiocy tes reticuloendothelial cells, ittoral cells, phago
cy tes, endotheliocy tes histiocy tes), large 1y mphocy tes small Iy mphocytes,
plasmocytes fibroblasts and fibrocytes Megakaryooytes and cells of the
my elopoietie and erythropoletic series may be present in conditions of ex
tramedullary hematopoesis Since the termmology, origin and functional
significance of many of these cells 1s subject to controversy, 1t 1s no wonder
that the function of the spleen has been a mystery

Several mmor differences m the kinds of free eells the structure of the
capsule the amount of smooth muscle * and the number of «inusords,
occur 1n the spleens of varous mammalian speetes For example, megaﬂa
haryocy tes are common 1n the spleen of many adult mice of various Itnes 3
but megaharyocytes are absent m adult hamsters exeept 1n condittons of
extramedullary hematopolesis 518

The funetions of the spleen depend to a great extent upon the free cells
within 1t Reticular cells and fibers occur n the spleen as well 231 the
thymus, lymph noedes and bone marrow ® where they form a framework
and networh for the retention of free cells However the retlculu'r fibers
are considered to have great elastierty and may be able to produce a ¢ snish

ovement of blood &
mng}I]lc term * plemocytes refers to large mononuclear phagocytes »




THF SPLFEN 239

whereas the term “splenic celly’ includes monocytes and plasmacytes Plas
maeytes were carher classed as mononuclear cells, spletie corpuscles, or
splcnie eells Plasma celis are abundant 1n the red pulp of the spleen of
man 43 199 ang humsters ! Monocytes are al<o especially numerous
1 sinuses of the red pulp ? ?

Reticuloendothehal cells 1n the spleen have several functions which are
especially 1mportant beeause blood from the spleen goes direetly to the
Iiver These cells phagoeytize erythracytes, particles of native or foreign
protans, bacters and several substances other than protemns The mtra
cellular retention of various substanees by phagocytes in the spleen favors
hydrolysis of these substances and provides a means for their slow er release
mto the blood 1 quantities which can be exereted or slowly mactivated
‘Foam cells form n conditions of increased cholesterol (xanthomatosis)
or of neutral fats i the blood (es ential hyperhiperma) * t The retienlo
endothelial system 1lso concentrates salts of heavy metals, such as lead
acetate 87 Sunee Jead mterferes with the activity of many enzvmes phago
cytosis of such substanees nathin the spleen prevents serious alterations of
protemn and other synthetie or metabolic proce es in the ver

Phagocytoss

Phagocy towis 1n its various forms 1s extensively ufihzed as a process in
the genersl phvsiclogical economy of the body The earlier concepts stressed
the 1den of hmited protection of the body by leukocy tic and reticuloendo
thelial phagocy tosis of mvading orgamsms particularly bacteria escaped
erythrocytes and particulate matter 77 1193 More recently the funetion of
digesting and storing, substances for use m various aspects of metabohe
artvity has been added to the earlier concepts of phagocy tosis as a method
for ehiminating obnoxious matter It has also been shown that phagoeyto 1s
18 not always n benefieial process, for histioey tic phagoeviosis of cho
lesterol may produce atheromatous lesions m arterics ¢ Both Cam
eron'® and McCutcheon®® agree that all types of cells are probably ea
pable of becoming phagocy tes under proper conditions Rocha e Silyate?
beheies that the release of istamine 1s a common cause of nereased
phagoey tosis which 1s ty pical of the primary inflammatory response Mec
Cutcheon®? intimates that all phagoeytes are derived from mesenchvme
and Cameron'® pomts out that Leo Loeb (1902) demonstrated that ho
mologous epithehial cells were phagoeytes 1n eertamn conditions of tissue
culture followed by implantation into guinea mgs Liebman®s states that
folhele cells i amphibians function as trephocytes for the viable ococyte
but when the ooeyte dies the e trephocytes become active phagocytes and
destroy the degencrating ovum

Phagocy touss of whole cells comierts intracellular protemn from the en
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and occurs within 2 to 4 days after local 1njections of nucleic acids ™3
Ranvier (1900) observed that macrophages (clasmatocytes) and mono
¢y tes normally reacted to stimulation by shedding bits of their ¢ytoplasm
mto the surrounding medium 357 Sabin®7 observed this phenomenon of
cytoplasmic pinching off 1n monocytes, following stimulation by mjection
of a dye protein Also she calls attention to the fact that the etymology
of the terms “macrophage” and “clismatocyte” indicates that this cell 1s
aphagocyte and that 1t shedsits exoplasm Desquamated meseothelial cells
1n the penitoneal exudate may become spherordal, and form bud hike pro
tuberances®! wlich, presumably, are destined to be shed mto the sur
rounding pentoneal flud

The sigmificance of the pinched off buds, bits and peces of the cytoplasm
of lymphocytes monoeytes vanous phagocytes, leukocytes and certam
other cells may be surmised from the normal contents of thece cells A
rough 1den of the activity and trephone content of phagocytes in general
mAay be obtamed from the review by Tullis,'®® who refers to the poly
morphonuclear leukocy tes functioning as phagocy tes as the ‘ever present
shock troops and compared the interior of a leukocyte to Pandora s Bot
because of 1ts structure vanety of formed elements content of varnous
organic and wmorganic ch 1 substances types of enzymes
and phagocey tized substances Alse he pomnts out that leukocytes have a
correspondimngly very high over all metabohe actrvity Mitochondria ap
parently are present 1n all varieties of leukocy tes but may vary m number
1n the different species 8 The versatility of phagoey tes 1s further enbanced
by the finding that the permeability of a leukocyte to water 1s less than
that of an erythrocyte but its rate of exosmosts has been reported to be

four tames that of endosmosis 102

Whether each bit of pinched off ¢vtoplasm contains representatrie ma
tertals from the total eontent of substances m the ¢y toplasm of the donor
cell or only certain selected con tituents 1s not known, apparently Often
we have observed 1 Feulgen positive particle usually a smgle clump
buds from lymphocy tes Other substances 1n the 1 arious eclis that pinch
off buds of ¢ytoplasm nclude various protems carbohydrates lipids en
zymes and salts Some enzymes mn cytoplasme buds have reducrng ac
trvity others hydrolytic actnity and still others nonspeaific alkalme or
acid phosphatases 1°%7 Lipase 1s stored 1n neutrophils and 1s escential for
the function of erythrocytes 3¢

FPrythrocytolysis

Diaintegration of erythroeytes 1s a quantitatively sigmifieant factor m
roteln metabohsm 1 the spleen Erythrocytes are not primarily trepho

’ hey lihe tissue and tumor cells 97 retamn most of their content

cytes for tl
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of trephanes as cell components untal these substances are freed by eytol
yas Nevertheless, destruchion of erythrocyles 15 a quantitatnely «g-
mficant factor 1 amno acid metaboltsm 1 the ~pleen The ymportance of
the splecn n destroying erythroeytes has been thoroughly reviened by
By 577 who recognized that the destruction of erythrocytes occurs m the
hver n most vertebr ites except mammals Furthermore the spleen 1s small
m marsupals which are the only mammals in which destruction of eryth
roeytes aceurs chiefly 1n the reticuloendothehal cells of the Iner

One suport sut method by which erythroeytes are de«tro) ed 13 phago
cvtoss The monoeyte 35 one of <everal hands of cells which function as
erythrophages The presence of a few peroxidase granules in monocyte 59
may be mmportant in protem catabolism within the phagocyte Phage
cytosis of erythracvtes has been demonstrated by several expertmental
methods Addison ob erved mononuclear cells phagoey izing washed pr
geon erythracytes which had been mntrasenously mjected nto rabbite4 ¢
Lamway'® alvo reported erythrophagoeytosis by monocytes Howeser,
pla macytes? ¥ and neutrophul> as well s monocytes, have been con
sidered en throphages '™ Macrophages (I tiocytes) phagoces tize frag
ments or whale erythrocy tes™ and abo store hemosidern an their ey to
plaam 77 61 T8

The significance of the pleen in removing erythroey tes from the blood
13 usually attributed to reticuloendothelial eells 197° These cells destrov
erythrocytes directly by phagorytosts and indireetly after transforming
nto monocy tes or macraphages Reticuloendothehal cells in the splecn are
beheved to phagocy tize whole erythirocvies 242 gg well as particulate matter
and debris of erythrocytes %% 119 The phagoeyln aetnity of rcticulo
endothelum 1n the <pleen 1s belicved to be greater than mn the bone mar
Tow 193¢ Honever most of the destruction of erythrocvies was considered
by Rous and Robertson to be due to mechanieal fragmentation an erenlat
g blood 108

FRYTHROCYTE TURNOVER

The rate of turnover of exythrocytes 1s smportant 1 considering the fune
tion of the spleen as a regulatory organ for balance betwcen extra ang
wntraes flular proteins Results of studies that were de 1gned to determine
the hie span of ery throey tes are hughly varable The duration of hife re
ported for red blood cells of man ncludes varations of 30 davs 5 Tyin
trobe!?® considers the ariations reported for the bife span of human rud
cells and coneludes that th» most probibly rorrect estimate 13 about 120
days A<hby by tible cells found that mans
of the injected cells urined 25 to 50 days while some were present, 100
days fter myection into human subjeets T For guinea mge the hie pan
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of erythrocytes 1s considered to be 22 to 28 days with increases to 32 to 38
days following splenectomy ,3%° for chickens, 35 days, for pigeons, 34 to 45
days and for ducks, 42 days ® 3 Erythrocytes are beheved to have a much
longer hife than granulocytes which have been reported to have a hfe epan
of 72 hours ¥ By the method of considering the amount of bile exereted,
the percentage of crythroeytes destroyed datly has been estrmated to be
from 150 to 110 of the total 11 Turnover of ery throcy tes 1s approvimately
3 times the volume of that of the small lymphocytes The sigmficance of
lysis of erythrocy tes m the spleen 1s, therefore, a quantitatively significant
factor mn protemn metabolism To some cxtent, there might be a counter
balance n exchange of amino acids from lysis of ery throcytes in the spleen
toward mitosis of large ly mphoeytes and between lysis of small lympho
cytes 1n blood and bone marrow and toward protem synthesis mn cells of
the erythropoietic series

PROTEINS FROM ERYTHROCYTES

Disintegration of erythrocytes in the spleen 1s a potential <ource of
ammo acids which aceur m globin and 1n several other protems Hemo
globin docs not contribute freely to the protemn pool 103 Furthermore the
synthesis of hemoglobin during conditions of hypoprotememia takes prec
cdence oy cr the formation of plasma protemns 1988 The more rapid depletion
of lymphord tissue mdicates that small 1y mphocytes are a more readily
expendable form of protemn than that 1n hematoporetic tissue Ly mphopenta
and lymphoid depletion develop before anemia mn conditions of hypopro
temena induced by starvation caloric restriction or low protemn diets ° *
or by admimstration of cortisone® Hemoglobin occurs within erythro
cytes and 1s the most abundant protem in blood, usually representing u
to 16 g per 100 ml of whole blood 4 Hemoglobm represents 28 to 30 per
cent of the ery throcyte the stroma, 2 to 5 per cent and water 65 per cent
Globin 1s usually classed as a histonef® 1984 and the globin portion, lihe
the heme group of catabolized hemoglobin 13 believed to be reused %

Interchange between globm and the protein pool involves nme amino
acids which are cssential for both the synthesis of hemoglobin and of scrum
protemns 1n rats ® Further significance of the nterchangeability of pro
tetn components 18 mndicated by an increase i serum proteins of hypo
protememue patients follow g the admmnistration of 305 umits of globm 5%

The 1mportance of globin as 4 protem reserve 13 also evident m the
predisposition of anemic mdnduals to hy poproteinenma 344 Globm:from
various species has been considered to contain all of the essential'!® and
<everal of the non es<enttal ammo acids 47 Histones of the disintegrating
s of erythroblasts m mammals could also be an ntracellular source

Teu:
e argine histidime Iy sine, tyrosine cjysteine, metht

of all or part of the
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omue, threomne serme, leveme, roleutine and valme 1n globins 97 but
would probably not be & sources of phenylalanmne glutamie acd, asparfie
sed, glyene, alapine or prolme, which are the ammo ands beheved fo be
pre ent m globun but absent in thy mus histone ©7 9% One of the mam &if
ferences 1 globms and brstone 15 the Ingh content of 1solencine m Instone
and the low smount i globms 4t Howsver, o grest amount of leuene
{173 per cent) occurs 1o horse hemoglobin corspared with 7 4 per cent
leucine m thymus ht fone ¥7 There are differences m protems other {han
deoxynbonuclers ad (DNA) m nucler and hemoglobn has even been
found 1n the nucler of avian erythroeytes but not in other nucler
Several protems other than globin have been desenbed i mature erew
lating etythrocytes of mammals Mature mammshan erythroeytes m con
trash with avian erytbrocyies have hiftle shibby to concentrate amio
acids 2 Parpart and Dzsemian (1840) .how that the membrane of the
fummagn ved biood eeld w dof an thy obs 1 4 protesn
which differs from pla ma protem in its amno acid content and 2lso m
the smount of cephalin cholestesol and tecithin 3¢ The o red cell “ghosts’
or b free b are oiten d and drgested by re
tienloendothelin] phagoeytes cluefly m the spleen and Iver3 In ad
dxtmn, 1tisknown that the cytoplasm of red celis comtams calowm chlonde

dextro e, mags ph potas: sulfune acid and
2me 4% The stroms, of erythmcytes contams a globubm, cholesterol and
lecsthn 1n additton to h b 498 In addstaon there arc a few alight age

and species dufferences 1 ammo ands m erythrooyies The percentage of
ustidire 1n bovine hemoglobin 1» 681 %= 805 per cent for adults and
643 %, 004 per cant for fetuses 2 8 The amount of methionine eysteme
and total sulfur also vared m fiv e species of mammals but the armo acds
m the protem of the stroma of the erythrocytes did not vory m the dsfferent,
spectes stucred %

PROTEQLYTIC ENZYMES

Proteolytic enzymes are most mportant m the balance of protemns be
tween the extra and intracellular eiates 1 the spleen MacFarlane and
Biggs® © noted that the balance of mbtory and proteciylic substances
m the blood may be mo<t important 1n protein metabolt m by maistatmnyg
the equibibrium betw eens blood and fissue protems Proteoly s181n the spleen
18 no doubt facihitated by prolonged retentson of the blood eells 1 smnuses
within the red pulp In addition the fact that. the <pleen 1 a porta} organ
19 extremely mmportant because proteolstic enzymes can act withm the
splente wnusouds or pass direetly wta the hepatie portal vem

In 1905 Catheart!® reported proteasen the spleen and 10 1927 Wald
schmidt Lesta and Deut ch'9® siated that only two proteelytse eneymes
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were found 1 the spleen One enzy me functioned best at pH 40, the other,
which had an optimal pH of 80, was a peptide sphtting enzyme One
enzyme which causes proteolysis has been considered to act at pH 67
and to resemble the enzyme found m phagocytes from inflammatory
exudates and 1n mncrophages of Iy mph nodes 42 However, 1t differs from
Teuhoprotense of granulocytes which 1s 1nactise an alkaline medwum #°
The proteoly tic enzyme deseribed by Hedn and Rowland was called hneo
B protease'® and had mavimal actn 1ty 1n aerd media ¢ In 1930, hlem
man and Stern™® reported that leucoprotease from the leukocy tes of cons
was the same as lineoprotease

A number of enzy mes which Iy draly ze nucleoproteimns occur 1n the spleen
Masor and Greco®  found that spleme and thymic nueleases from ealf
spleen and thymus could be differentiated from panereatic nucleases
Argmase,”™ punine 1 i d and guanme de
aminases, ammopeptidace cathepsin and RNAasc are also present ¥
Guanase ®7 g nucleosidace that acts at pH 65,54 ocours 1n the spleen
Nucleosidase which sphts nucleostdes nto purines or pyrmdines and
the carbohydrate,5** also oceurs m tissues other than the spleen Trypsm
18 an mmportant enzy me i considering inter and extracellular interchanges
of protemns because 1t liberates DNA from the nucleoprotein ! 8 The
presence of perovidase in cosmophils, neutrophils and blood platelets®
may also be an important mechanism 1n protein metabolism of the spleen
For example, Soberon® $ reported that myeloperoxidase of leuhoey tes, m
the presence of H.O  ovdized uric acid and that H O reaction produets
mhibited the oxidation

Several proteolytic enzymes are present m lymphocytes® 1% Also,
mononuclear cells 1n the pulp phagocy tized washed pigeon ery throcy tes
which were mjected 1nto the spleen of rabbuts 4 0

The spleen has been observed to destroy blood cells <electively,®® and
to possess an enzyme which has a proteolytic effect on leukocytes *© ®
Ocogoe™ noted the disintegration of lymphocytes i the perifollicular
areas of the spleen 5 days after transplanting hematopoetic hissue into
the eirculatory blood of rabbits Barnes* reviews the hiterature on varwous
proteoly tic enzymes that have been reported to be present n Iymphocytes
The amount of protease in Iy mphocy tes 1s about the same as that in leuho
¢y tes 70 Dipeptidase activity could not be detected m Iymphocytes, but 1t
1s very active in polymorphonuclear leukocytes 3 > Waksman and Dat1
<on'®® compared the optimal pH for the actrvity of a proteolytic enzyme
which they obtaned from large mononuclear cells and named lympho
protease with = protease {rom leuhoeytes Lymphoprotease 1s considered
to be actrie at 2n acd pH in contrast to leuhoprotease which has an
optimal pH 1n alkalme media and 1s 1dentified as the proteoly tic enzyme
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from large mononuclear cells Cathepsin, adenosinase nucleinase and
punne nucleowdase have been found mn Iy mphocy tes® It 13 nteresting to
note that the optimal pH for chemotavs of the o called “round celis” 1
the and range of 53 m contrast to an afhalioe pH for leuhooytes 297
Grob®™ states that the pohmorphonuclear lenkocytes of the cat show
protenase and peptidase activity at neutral pH

DNAaze and RV Aase are present n the spleen ard other portal organs
Kurnich and Carrera™ found that the blood m the portal vein of normal
rats showed more DNAase aetivity than that i the hepatie ven, and
that bile also contamed about the same amount of DNAase as the hepatie
vemn m normal rats The presence of DNAa e 1 the spleen has been con
<idered mn studies on the protuctive effect of DNA following rrradiation 17
Cole and as ociates'™ consider DNAase sub trate as the protective factor
1n bone marrow of rats and state that i, 13 ssrmlar to the protective factor
1n mouse spleen Dougla<s and collengues # found mereased actnity of
DNAsse in the spl en at 6 12 and 24 hours after total bods x srradiation
of 500 ¢ but a return to normal by 48 hoursinrats The presence of DNAz<e
in other portal organs 1s ymportant beeause blood from these organs alse
goes directly to the liser Pos 1ble differences in DNA4 e from vanous bis
sugs have been considered by VWebb 1 ° who mentioned that panereitie
DNAsse may act on cells which have not autolyzed whereas DNAgee from
the thymus and from teuhemie patients requires autolym= of the cells to
frer the substrate The aetivity of proteolytie ¢nzymes m the spleen and
hepatie portal venous system eould explam ha.neleou’s tenet that splen
ectomy I» valuable 1n those cases of purpura hemorrhaea which are
alleviated by splenectomy beoau ¢ platelets are being destroyed more
rapidly than normal 293 The effect of spleme extraets 1 hmiting the
grovth of blastoma was attributed by Bruda??? to the retsculoendothelmm
Gaetant®¥? <tates that the histologreal examination of the spleen and
tiver of rabibits injeeted wath mou e tumor <howed oncolytic powers that
were augmented by prestous mjections of mouse caranoma This refation
may be attnbuted to lymphoid t sue having & function 1n resitance to
tumor growth Proteolytic enzymes i the pleen however are also a
cause for effects of the =pleen on cancerous grosth Proteolytic enzyrmes
m lymphoryies and obier vells wn the <pleen aet on fureign or other pro
tems and therefore, can camoufiage the function of lymphocytes and
plasmacyte 1n the growth of other cells

PROTEIN STORAGE

The pleen 13 a portal organ which stores protews It forms an 1m
portant past n( the proten pool by bcmg a reservarr for blood and by

g 7 wtraceltutarls, primanly m lymphoeytes and
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were found 1n the spleen One enzy me functioned best at pH 4 0, the other,
which had an optimal pH of 80, was a peptide sphtting enzyme One
enzyme which causes proteolysis has been considered to act at pH 67
and to resemble the enzyme found mn phagocytes from inflammatory
cxudates and 1n macrophages of lymph nodes * ® How ever, 1t differs from
leukoprote 1se of granulocytes which 1s inactive n an alkaline medum ¢ ?
The proteoly tie enzyme described by Hedin and Rowland was ealled kmeo
B protease'*® and had mawaimal activity i actd media ™8 In 1930, hlem
man and Stern 8 reported that leucoprotease from the leuhocy tes of cows
was the <ame as lineoprotease

A number of enzy mes which hy droly ze nucleoproteins oceur in the spleen
Mavor and Greeco® found that <plenic and thymic nucleases from calf
spleen and thymus could be differentiated from pancreatic nucleases
Argmase 77 purnine leoxidases, ad d and guanme de
ammases amnopeptidase cathepsin and RNAase are also present ™
Guanase,8® a nucleosidase that acts at pH 6 5% oceurs in the spleen
Nuclcosidace, which <phts nucleosides mto purines or pynmdines and
the carbohvdrate * also occurs m tissues other than the spleen Trypsin
15 an amportant enzy me in considering inter- and extracellular interchanges
of protems because 1t hiberates DNA from the nucleoprotemn ™ The
presence of peroxidase m eosmnophuls neutrophils and blood platelets®
may also be an important mechamsm 1 protein metabolism of the spleen
For cxample, Soberon? $ reported that myeloperoxidase of leukoeytes, 1n
the presence of H O oxadized une acid and that H O reaction products
nhibited the oxidation

Several protealytic enzymes are present m lymphocytes® * Also,
mononuclear cells in the pulp phagocytized washed pigeon ery throcy tes
which were injected mto the spleen of rabbits 4 ?

The spleen has been obsersed to destroy blood cells selectrs ely,#* and
to possess an enzyme which has a proteolytic effect on Jeuhocytes 10 ®
0O<ogoe™ noted the di integration of lymphocytes mn the penifollicular
arcas of the spleen 5 days after transplanting hematoporetic tiesue nto
the cireulatory blood of rabbits Barnes' reviews the literature on various
proteoly tic enzymes that have been reported to be present in lymphocy tes
The amount of protease in lymphocy tes 1s about the same as that leuko
¢y tes ¥ Dipeptidase actity could not be detected 1n 1y mphocytes but 1t
1s very active m polymorphonuclear leuhoeytes> Wakeman and Dav1
sont®® compared the optimal pH for the activity of 4 proteolytic enzyme
which they obtamed from large mononuclear cells and named lympho
protease, with a protease from leuhocytes Lymphoprotease 13 considered
to be actnne at an acid pH 1n contrast to leukoprotense which has an
optamal pH alkaline media and 1< 1dentified as the proteolytic enzyme
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The cells 1 the spleen which synthesize and store nucleoproteins and
gamma globulin probably also free amino acids which occur 1ntereellularly
but are not raprdly depleted by <tarvation 2¢* Small lymphocytes plasma
cytes, monocytes, histiocytes, hupffer and other reticuloendothehial cells
retain free amino acids as well as the nuclelc aeids, histone, globulins and
other proteins

Small lymphocytes and plasmacytes i the spleen synthesize and store

) but therr f n storing free ammno acids has not been
established Cytoplasmic levels of many amino acids fluctuate with extra
cellular Jevels 2% The ability of various cells to store free amino acids
has not been determined but a nucleus 1s apparently essential because the
mammahan erythrocyte has little ability to concentrate amino acids com
pared with the great ability of avian erythrocytes which are nucleated 160
Inhbition of intracellular storage of free amino acids may be a contribut
ng factor n “ anerma acidunia  which 1s defined by Harns*%s as the pres
ence of one or more merea.ed ammo acid 1 the urne On the other
hand, 1t has been suggested that increased amounts of mntracellular pro
tems are related to cloudy sweling Virchow cuggested that “albumin
granules 1n cells were due to the mability of the cytoplasm to assimilate
protein The cause of cloudy swelling has been attnbuted to altering intra
cellular breakdown of protein by vanous factors ™3

The synthesis of histone by large lymphocytes i the Malpighian bodies
of the epleen 15 especially 1mportant because some of these lymphocytes
differentiate to the type 1dentified as the small lymphocyte These cells
represent mtracellular storage and transportation of most essential ammo
acids 1n addition to DNA and s small amount of RNA The similanties of
histones prepared from various organs of an amimal give greater sigmfi
cance to the functions of small lymphoeytes because histone in the nucleus
of small lyraphocytes 1s a ‘packnged unit which carries a group of amino
acids for use by cells in other tissues Crampton and co workers®!? found
that histone from the calf thymus 13 the same as histone from the calf
Ier or hudney wn amino acid eomposition and m chromatographic be
havior

The ability of large Iy mphocytes in the spleen to “sithdraw 1ndividual
amimo acids from blood and to synthe 1ze histone mtracellularly 1s a
) which 15 advantag for transportation and Jocahization of
these amino acids as a ‘packaged umt” Christs 160 hag h |
that the deficiency of one amino acid can be tolerated only to the degree
that other amino acids ean be retamned without destruction ” The synthesis
and torage of amino acids as listone 1n the nueler of lymphocytes 1n the
spleen retains most of the essential amine acids 1 an 1deal location for
use by hepatic cells 1 the synthesis of albumun and fibnmogen Further
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plasmacytes The direct avulabihty of this “protem pool” for use by the
liver has been recogmzed 1n various studies of protemn metabolism By
using 1sotopes, Sprinson and Rittenberg caleulated that the total protem
pool respresents 05 g/hg body weight :n man and that 1t 1s regulated by
hormone<® Plasma protems are one source of the “protein pool,” as idi
cated by Whipple and colleagues who maimntained mitrogen equihbrium by
1mtravenous injections of plasma proteins as the only source of mtrogent 7
The sigmficance of lymphoid tissue as an mtermediary storage of protem
m the spleen has not been constdered direetly However, 1t has been recog
nized indirectly by varied responses, such as (1) the depletton of Iymphod
tissue n starvation (fig 21), (2) other forms of protem deficiency (fig
22), (3) m hyperplasia resulting from conditions of hyperglobinemia or
(4) other forms of hyperproteinerma

‘The main storage of protemn 1n the spleen 1s by mutosis of large lympho
cytes to form small lymphocytes in the white pulp (fig 19) The small
Iymphocyte 15 a mature cell which does not divide thereby, 1t can te
tam and transport nucleoprotens By transformation, plasmacytes de
velop from some Iy mphocy tes n the peripheral areas of the white pulp and
throughout the red pulp The plasmacyte 18 a synthesizing and storage
cell for RNA and gamma globulins, as well as for nucleoproteins

The plasma proteins are considered a =ource of protem for u e by hepatie
and other cells However, there are scveral other sources of proteins
the splecn The destruction of cells by proteolytiec enzymes 1n the spleen
inereases the amount of extracellular protein which may be utthzed by
large Iymphocy tes in mitosis, or by lymphocytes transformmg into plasma
cytes The breakdown of erythrocytes in the spleen represents the con
version of proteins from these cells into their constituent amino acids, some
of which may be reutilized for the synthesis of other protemns m the <pleen,
while others are vanously utihized by the Iiver In addition reticuloendo
thelial cells mn the spleen are phagocytic and may function in resynthesis
and storage of protein, and have a regulatory effect on plasma protemns
in the spleme smusoids and hepatic portal vein For example, cells of
the reticuloendothelium as well as lymphocytes and plasmacytes arc
belies ed to produce abnormal protemns as indicated 1n conditions of mac
roglobinerma which occurs i many diseases %7 Thus histiocytes and
monocy tes may have mmportant functions i protem storage, as ndieated
by vanations their content of ¢ytoplasmic RNA This pomt would be
mo t difficult to determime because these cells are not aggregated in a tissue
or organ and 1t 15 more difficult to determme their functions However
fansco and Jansco Gabort® 41 reported the storage of protem in lustio
cytes mn the skan of mice and rats following subeutaneous injection or

topical apphication of histamine
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tnibutary of the hepatic portal vem where these cells speedily dismtegrate
i normal hamsters 51° Many plasmacytes are normally formed from
Iymphocytes 1n the spleen, because the venous <inu es of the <pleen form
sites of pooling or stasis of blood Stasmis of bload, Iymph and tissue flud
18 favorable for the transformation of small lvmphocy tes into plasmacy tes
1 hamsters #12

One funchion usually ascribed to plasmacy tes in the spleen 1s the forma
tion of antibodies Plasmacyies (plasma cells) are usually conaidered the
primary source of antibody because thewr numbers mncreace m lymph
nodes during antibody formation, and bec wuse antibodies can be extracted
from ome tissues in which plasmacy tes merease after injections of bac
teria 998 Precipiting and agglutiming ™ are alca consmidered products of
plasmacytes Plasmacytes were also considered an mmportant source of
antibody and serum globulin by Fagraeus' ¢ (1948) Serum antibody
formatton 1s paralleled by an increase 1n pla maey tes

Plasmacy togene 1s 1s especialiy significant 1n the red pulp of the spleen
because disintegration of plasmacytes in the pleme <inuses and hepatic
portal vein provides RNA and DNA and/or their components and, al<o
the amino actds 1n b1 tones and globulins for use by hepatic cells The dis
integration of plasmacy tes begins 1n the venous sinu es i the . pleen and 1s
nearly completed before the splentc blood reaches the Iver Plasmacytes
in the <pleen however do not represent the only source of nucleoproteins
for use by hepatic cell metaboli m because the core of vili where plasma
cytes are abundant 1n many pecies 15 al 0 a potentral source of plasma
cytes 53¢

Lymphocytes and plasmacytes are abundant i the mucosa of the
stomach small and large intestines and also 1n milk spots ' and lymph
nodes m the mesentery as weli as m the spleen Blood from other portal
organs 1s mndirectly mmportant m protemn metabolism of the Iner For
mstance, the pancreas as well as the <pleen produces DNAase and
RNAa e which sre neces ary for the hydrolysis of nuclere acids nto
nucleotrdes The high number of plasmacytes m the venous sinu es mn the
spleen of Synan hamsters (controls 130 per cent, lactating mother 248
per cent of the total leukoey tes) and the progressive disolution of thece
cells m the portal systum as the blood flows from the spleen toward the
Iver indicate a direct relationship to the control of plasma protemn by
the liver The disappearance of plasmacy tes 1n the peripheral blood 31
and therr distribution 1 the connective tissues of the salivary glands and
other organs, indieate that the e cells sy nthesize and store RNA and that
their disintegration provides the localization of RNA and globulin for the
metabol: m of other cells

In order to determine the fate of splenic plasmacy tes 1n hameters westo
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more, the synthesis of eytoplasmic protem during plasmacytogenesis 1
a source of gamma globulin The abundance of RNA 1n the ¢y toplasm of
plasmacytes, and the high nuclcocy toplasmic ratio of small Iymphocy tes,
are sigmficant n relation to Gale’s’® hypothests that specific combina
tions of nucleotides within the nuclese aerd furmsh points for eombination
of acids

Cortisone depletes lymphoid tissues and destroy s systemic lymphoeytes
and plasmacytes (figs 22,25 to 28)  apparently, by stunulating protem
catabohism 41* This effect of cortisone may be partly osercome by the
adminstration of “large doses of vitamm By, "6" Howmever, Albright,
1n 1943, advanced the hy pothesis that cortisone inhubits the synthes:s of
protemns rather than accelerates protein catabohism ™% A striking effect
of cortisone on the liser 15 that 1t pres ents the pronounced hepatic infiltra
tion of plasmacytes and lymphocytes which accompanies the growth of
malignant tumors 1n hamsters 96 30 6 ¢

A reversible decrease m basophilia occurred in hepatic cells i the Iiver
of rabbits, %% and a decrcase of DNA 1n nucler as determined by nuclear
counts of liver homogenate was reported in liver cells of mice that re
ceived cortisone *3 However a decrease in RNA was not reported The
failure to detect a decrease 1n RNA of the hepatic cells m these mice may be
due to the <hort time (5 days) that the corticone was admmstered ¢
Lowe and Williams®'® reported that 2» mg/day, for 5 days, reduced the
RNA m the mitochondna and microsomal pellets n the Inver cells of rats

Light chrome mjections of cortisone slowly depleted the Iymphod
tissue 1n the Malpighan corpuscles of the spleen (fig 22) and 1n tum
the number of plasmacytes m the red pulp in otherwise normal hamsters
Comaidentally with this process there was fatty nfiltration of the hver
and depletion of the lymphocy tes and plasmacytes m the mucosa of the
1ntestme 0 50 Seven to 21 mjections of cortisone acetate (Merck 15
1mg/100 g body weight) over a period of 10 to 38 days depleted the ly mphoid
tissue 1n the spleen of 10 Syrian hamsters and produced a decrease 1
the cytoplasmic basophilia which was primanly related to the decrease
RNA The decreased basophiha was followed by fatty imfiltration that
extended throughout the hepatic lobule * ® However this work does mot
determine whether the fatty infiltration and decrease in RNA 1 hepatic
cells was caused by a decrease m plasmacytes or was the result of a con
comitant change due to increased protem catabolism—or, yet, to the sum
mation of the combined effects of these two possibilities

PLASMACYTES IN THE SPLEEN

Normal systemic blood contains few to no plasmacy tes 1n man!'® and
hamsters®® but plasmacytes are numerous in the blood m the spleme
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resembling those 1n the deseription given by Bohm and co worhers® of the
first plasma cells observed by Waldeyer Occasionally Russell’s bodies®™?
were obscrved m plasmacy tes 1n lymph nodes and other organs but cells
that contamed these bodies did not oceur 1n the blood ves els of the
spleen, or 1n the portal or jugular ven 1n any mdrvidual of the five groups
of hamsters 51

Plasmacytes occur in the hver of tumor bearing hamsters These plasma
cytes may develop from lymphocytes mn the penportal periductal connee
tive tissue as a response to 1ncreased globulins Janold and Wilter*® re
ported correlations between pl ytosis and hyperglob m the
sternal bone marrow Infiltrations of lymphocy tes and plasmacytes 1n the
Trver of mice having carcinoma and also 1n hamsters bearing unplants of
several lines of sarcoma and carcinoma may account for the high activity
1m the DNA fractions of the liver and spleen of tumor bearmng mice 1
jected with C labelled formate or glycine compared with the activity
1 the control group 78 In addition, there 1s the possibility that istamme
mcreases and causes contraction of the muscle 1n the hepatic vemns of
hamsters, as 1t does in dogs and rats 104

Depletion of Lymphowd Tissue

Most phy siol 1 and pathol 1 d have the same effects
on lymphoid tissue (white pulp) 1n the spleen as on lymphoid tissues 1n
Iymph nodes, the thymus and other lymphoid structures Changes m
the amount of Iymphoid tissue usually parallel changes m plasma pro
tems Normal or pathelogieal conditions which inerease protemn catabolism
or decrease available protemns deplete lymphoid tissues Aging starvation
protem low diets cortisone and ACTH decrease lymphoid tissue 1 the
spleen and 1n other tissues and organs figs 21 22 26 and 28) Expent
mentally mduced hyperplasia which was produced by the mjection of
foreign protemns Addisons disease or conditions which cause hyper
globinemia mcrease Iymphod tissues 1n the spleen and al.o 1 other organs
These parallel effects support the tenet that lymphoeytes m the spleen
represent an intracellular protein storage which 1s mterpo ed n the blood
vascular system

Lymphod tissue 1 the spleen 13 depleted 1n the same eonditions which
cau e the depletion of lymphoid tissue 1n other organs Lympohid tissue
m the spleen mvolutes with aging after puberty m mice®®® and cats 739
The maximal percentage of 1ymphoid tissue 1n the spleen of 300 persons
who died from violent causes occurred during the 1st decade, then de
creased and sharply declined during the 2nd decade to a Jevel which
Pperststed through the 7th decade* ® The effect of age on the epleen 13
similar to 1ts effect on other lymphoid tissues * heuenhof®® reported
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appropriately ligated, excised and fived the thoracte posteava and jugular
vews, and fixed the spleen and gastroenteron mncluding the mntact hepatic
portal vein and hepatic venous systems of 4 control, 16 pregnant, 6 post
partum, 8 sy lastically implanted with h d, stenle tis
sues of fetuses, and 16 of the same strain of animals bearng an advanced
transplant of 4 pleomorphic sarcoma (HS 6) After about 2 mmutes in
the fixing solution, the viscera were removed with higatures mtact, and
preces of the left and right anterior {cystic) lobes of the hiver were excised
to msure better penetration, and fixation was resumed The tissues were
fixed 1n subltmate aleohol sectioned in tresucmat and stained with toludme
blue This combmation of fixing and staming was found to be superior
for demonstrating cytoplasmic basophilia

Plasmacytes were numerous and formed and appreciable percentage of
the total white count in the splenic sinuses of hamsters in all experimental
groups The percentage of these cells progressively decreased as the blood
flowed toward the hiver and nearly reached zero in systemic blood from
the jugular vein The splemec simuses of the 6 lactating hamsters had the
lughest mean percentage of plasmacytes (24 8) of any group of hamsters
examined The mean percentage of the other four groups was 148 n the
splenic sinuses of the 16 pregnant individuals, 130 m the control group,
161 m the 16 hamsters bearing transplanted sarcoma for 18 to 71 days,
and 15 1 1n the 8 males that recerved mjections of triturated freshly klled,
fetal tissue and were killed 3 to 15 days later The presence of extra
medullary erythropotesis and myelopotesis 1 the spleen of pregnant indi
viduals did not alter the percentage of plasmacytes w the white cell
counts

Several cytoplasmie and nuclear varations were found n plasmacytes
within the circulating blood of normal hamsters however, pycnosis was the
only stage in the disintegrative process that could be defimtely 1dentified
The absence of c3topl 1 hilia 1n the pl ytes was due to a
decrease n RNA asmdicated by the RNAase test of Stowell and Zorzolt **7
Cytoplasmc vacuoles were more numerous 1n plasmacytes m the blood
than n cells within lymphord organs Cytoplasmic vacuoles and a typreal
vacuohzation have been considered as evidence of protem secretion but
the question of whether all plasmacytes or only those in the medulla of
lymph nodes produce gamma globulin has been posed ¥7 Bing® belteves
that the formation of globulm takes place 1 plasmacytes Ehrich and as
sociates?™ stated that pla ma cells may produce beta globulin and related

protein
A few plasmacytes mn the blood had numerous small vacuoles simlar

to those deseribed m Turck s 1rmitation eells®® ! and in proplasmacytes s ®
QOther plasmacytes contaimned one or several large eytoplasmie vacuoles
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sodtum casemnate This effect of forergn protem in increasing mitosis could
bo mterpreted as sn mdiect efect of the foreign protems Reticuloendo
thehal cells, monocytes and histiocytes mgest foreign protems which are
retaimed by the stams of hlood 1 the splenic sipuses®? The retention
of the forewgn protemn concentrates the irntant or products of proteoly us
such a8 nucleoproteins and posstbly, could alter the permeabihty of the
Iymphaties, blood capillanies or biood mmucords In turn an increased
permeability increases the protemns in lymphoid fassues and thereby an
creases the mitosss of large lymphocytes v ‘gernunal centers” This m
direct effect could also be a part of the mechamsm condueive to antibody
formation

Wiseman (1931) found that parenteral admmustration of protein pro
duces Iysaphod hyperplasia 3% Rats retamed 17 to 41 per cent of the
mitrogen intake from egg albumen®® and were more resistant to foreign
protemn Injected foreign proteins were used as efficzently by those rats that
recerved 1t intrapenitoneally as by those that recerved it orally ¢ Cramer
and associates ¢ dered that Iy mjected protemns were m
gested and eorrted 1n the blood by lymphoeyies

Several forms of purpura also mdicate that there 5s a direct relationship
between plawwa protems and lympboid bissue m the zpleen Germnal
centers n the spleen are large and active 1 purpura hemorrhagica 90
Desenptions of changes m Iy mphord tissue and m the plasma profesms are
rarely mentioned m desenptions of the purpuras One type of purpura
however 13 speaifically designated by Tager and Khnghoffer (1943) as
Minots purpura hemorthagiea with lymphoeytosis 11 Several changes
1 plasroa protemns have been reported m eases of purpura A great inerease
of globulin which had mabnlity at pH & indieates that heta globulm was
present in the serum of a patient with purpura® # Yon Horst® found
hypergiobinemia m a patient w1th wdiopathae purpars 1o whom there was
aleo damage of liver cells

An ineresse m Dymphoid tissue and 1 the mze of the spleen oceurs
1 many disesses of the lver This hyperplasta of lymphod tissue has
not been identafied with protewn dystunction i the syntheas of albumin
and fibrmogen There are of course h 1 causes of spl 1y
which result from pathalogreal changes in blood vessels 1 the Iner The
spleen enlarges 1n <ome eases of portal cirrhosts snd chrome v alvular dis
ease % part, of this ncrease 1s attributed to hyperplasia of the reticulum
in the spleen

The term splentc tumor 18 frequently uced to indicate an enlarged
spleen and dogs not sndseate the cause of splenomegaly However <plense
tumor has been attrbuted to o vanety of controneraal eausal agents
and the contradictory explanations of the by perplasia range from supply
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hypoplasia of the spleen 1 a 72 year old woman, but attnibuted this
effect to 2 congemtal factor and not to age However, atrophy of the
spleen 1s very common n old age 100 991 11 7 Lymphoid tissue 1n the spleen
of man 1s best developed between the ages of 1 and 20 years, and 15 ar
ranged os a continuous 1y mphoid <heath around the artertes ¢ * Depletion
of lymphoid tissue mn the spleen has been attributed to hyalination of the
nner net of the eapillary zone, which forms four branches of the follicular
artery, n confrast with the outer capillary zone which 1s derved from
artenal loops from the red pulp4 7

The spleen 1s not rapidly depleted during puberty as 15 the thymus **
but simultancous regression of both the spleen and the thy mus may occur
1 several conditions Decreased nucleoprotemn metabolism of spermato
genesis 1s associated with an mncrease m the lymphoid tissue 1n the spleen
as well as i the thymus, and was reported as the cause of hy perplasia of
the white pulp 1n the spleen of gonadectomized male and female rats 5®
This hyperplasia however might be a reult of the decreased thyroid
actrvity which also oceurred 1n these rats %0 because, often, hy pothy rordism
produces hyperplasia of }y mphoid tissue mn the spleen and 1n other jymph
oid tissues

Wasting diseases, including hemoly tic jaundice,1018 prolonged hunger,
or the continuation of most lymphocy topenic agents or econditions deplete
the Malpighian bodies and cause atrophy of the spleen Jachsont™ pre
pared an excellent review of the literature through 1924 on the effects of
malnutrition fasting and inamtion as the causes of atrophy of the spleen
and other lymphotd organs Atrophy of the spleen following total ingmition,
was reported 1n dogs and rabbits by de Martigny es early as 1827 47

A decrease 1 the size of the spleen followed repeated doses of 8 aza
guanme 397 Hypoplasia of the spleen, as well as the thymus, was caused
by dermal operation or the injection of tar whereas the u ¢ of tar for over
30 days retarded growth and caused hypoplasa of lymphowd tissue®
Laras!! desenbed a decrease of white cells m the spleen and leucopenia
following < rays He also noted that recovery from leucopema produced
by benzene s slower mn splenectomized dogs than in norm ! dogs

411

NYPERPLASIA OF LYMPHOID TISSUE

An merease of mitoses of large 1ymphocytes has been reported m the
spleen after 1njections of various foreign proteins nto experimental anl
mals This merease m mitosis has been conudered to be a source of, or
related to ncreased antibody formation 3 11 7 Drnhker and Yoffey !
state that there 15 no question of the effects of foreign protein i stimulat
1ng lymphoid tissues and that Oliver and hatzman (1938) found that
near leuhemic ke conditions were produced m mice by injections of



THE SPLEEN 257

after removal of an implanted HS 6 tumor that had a duration of 23
days®
}rvv dull h caused 1y, with abeence of
the lymphod hssue, m the spleen of a hamster winch had carcinomsa of
the shin mduced by 21 topieal appheations of 9,10 dimethyl 1,2 benz-
anthracene over a pertod of 97 days® ® Similar development of exira
dullary } d by an absence of lymphoid tissue
1 the spleen, occurred m a hamster having a sarcoma induced by 9,10
dimethyl 1,2 benzanthracene ® ©
Cort; di protein anabolism and increases protemn catabolism
Depletion of Iymphoid tissue 1n the spleen (fig 22) and other lymphod
organs oceurs following the admimistration of cortisone In addition, the
administration of cortisone to hamsters prior to and following implanta-
tion of & muxed cell sarcoma markedly decreased the white pulp of the
arv b

spleen and prevented the devel of e
The effect of m depleting protemns app. tly mhlblted the de
1 of ext dullary } 1 tumor bearing hamsters

One explanation of the effect of cortnone on lymphoid tissue 1 the spleen
nught be that the decrease ts due to lymphopenta 1 the blood, and the
consequent decrease of lymphoeytes in the spleen However the tenet that
Iymphoid tissue stores nucleoprotems and that cortisone signifieantly
mereases protein catabolism would mdicate that the decrease of white
pulp i the spleen and systemre lymphopensa are due to the depletion of
prote:n The absence of extramedullary hematopolesis 1 the spleen of
cortisone treated hamsters that were bearing implanted sarcoma snd
the devel of small b ) foc1 and white pulp 1n the spleen
of these tumor 1mplant ammals when cortisone was withheld for a week,s ®
indieates that the changes are related to increased protemn 1n the bloed
after wmithdrawing cortisone

SPLENECTOMY

Several effects which usually follow splenectomy could be the results of
decreaced proteolvsis Splenectomy has been used by many investigators
1n their efforts to determine the function of the spleen However, Arumb-
haar®®? points out that splenectomy does not indicate the function of the
spleen because the elimnation of a considerable amount of the total
reticuloendothehal system 13 soon masked by compensatory activity of
the reticuloendothehal structures in the bone marrow and Iymph nodes

Several changes develop i the liver following splenectomy An merease
m reticuloendothelium of the hiver often follows splenectomy 1% hupffer
cells by pertrophied and became actrvely phagoeytic i the hver of guinea
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g necessary clements for the blood to excessive erythrolysis MacCsl
lum®” apparently considered the use of the term spleme tumer, especially
“acute spleni. tumor,” as being a non commuttal phrase which fatls to
mdicate either the cause or the processes mvolved m the formation of
splenie tumor Richter™” espresses similar views concerming the use of
the term “splenomegaly * Jawem (1900) associated splemre tumor with
those 1nfections and mtoxications 1 whieh much blood 1s destroyed (as
1n typhord fever), and concluded that the enlarged spleen 13 related o
extensive phagocy tosis ® * Bernhardt (1913} attributed the splenic tumor
m scarlet fever and typhoid fever to the results of phagocytoss of the
enormous bers of i blood platelets ® 3 However, Mac
Callum® 3 discredits phagorytosis as a sigmficant causal factor by pomt
g out that phagoey tosis within the red pulp 1s tneonspreuous m enlarged
spleens of septicemic patsents, but that the greatly svollen spleens of
typhoid patients do show extensi e phagocey tosis of cell debns and erythro
eytes

EXTRAMEDULLARY HEMATOPOIESIS

An mcrease in protemn synthests by hematoposetic cells and rapidly grov
mg tumor cells, drverts the extracellular protemns from storage m lymph
oid tissue Lymphoid tissue 1n the spleen of hamsters decreases when
there 15 advanced extramedullary hematoporesis n the spleen dunng preg
nancy (fig 20) ' Ongnally, this depletion of lymphod tissue was at
tributed to replacement, by hematoporetic cells, but 1t could be due to the
use of protens by erythropotetic and/or myelop cells The storage
of nucleoprotein by lymphoey tes 18 below normal, although the spleen 1s
twice 1its pormal mze as a result of extramedullary hematopoesis M
hamsters killed during the 12th day of pregnancy %

Lymphoid tissue decreases m the spleen of hamsters that have 1nplants
of a pleomorphie cell sarcoma (HS 6) as extramedullary bematopoesis
mereases m the spleen (fig 23) For example, hematoporetic focy vere
present 1 the red pulp and a near normal smount of lymphosd tis.ue
remamed 1n the gpleen of a hamster having an wnplant of & mixed cell
sarcoma for 28 days °® However a very small amount of hmphod tissue
remamed 1 the spleen of a 190 day old hamster which bore a trans
planted sarcoma for a period of 52 days and no whte pulp was found
1n sections of a hamster which had mmplants of the same hne of sarcoma
for 77 days®® Total extirpation of this sarcoma causcd regression and
the complete absence of hematoporetie tissue 1 the spieen ~—and regeners
taon of lymphord tissue w the wlute pulp {fig 24) & normal amount of
Iymphod tissue was present 1n the spleen of 4 hamster hilled 142 davs
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on leukocytes For example, leukocyto 1s \nth 1y mphoeytosis follows the
ation of ad Iin to spl d gumes pigs3*" However
levkocytosis produced by mjections of sodium nuclemate was higher
after splenectomy than in the controls 113¢ Splenectomy had an ameliorat
ng effect on neutropenia 1n 4 cases, but had no effect 1n 2 others 838 Splen
ectomy modified the neutropems m n 62 59.'11‘ old man who had cychic
locytasis 3 ¢ Splencctomy had a benefieial effect on 2 cases of Felty’s
syndrome, one of shich had hydmplashc sternal marrow whereas the
other had hyperplastic sternal marrow **

Lymphoeytoss usually follons <plenectomy and could be due to the
decreased rate of lysis of lymphocytes which normally oceurs in the spleen
The mncrease 1 lymphocytes persi ts for 4 to 12 months according to
Whitney (1928) 1t Lymphocytosis folloning splenectomy, may be due to
a mgle factor or a combination of several enzymes which destroy 1y mpho
cytes mn the Iiner The spleen may condition 13y mphocy tes <o that they are
more susceptible to the action of proteolytic enzymes In addition, the
spleen may furmt h an enzyme or other mechanim for the actrvation of
trypsm or the mactiv ation of the trypsin inibitor hrumbhaar%? observed
cellular hy perplasia 1n the bone marrow after splenectomy, and concluded
that this condition repre ents a compen atory re ponse to anema and the
loss of an 1mportant hemoly tic organ He suggests that plenectomy may
possibly cause lymphocytosis by increastng the actrvity of bone marrow

A posuible cauce of lymphocytoss and several changes reported after
splenectomy may be a result of the decreased retention of eosinophils m
the spleen [he spleen functions as a reservoir of eosinophils as well as
erythrocytes 352 Furthermore the e eo inophils are readily expelled into
the blood by epinephrine ? ® If peroxidase 1n granules from eosmophils
are important 1n several steps of protan cataboll m3™ an ab ence of

torage of these cells in the spleen may be a cau e of <ome of the reported

changes Several aspects of protemn metabolism have been reported to be
altered by splenectomy An 1ncrease of amino acids has been reported m
plasma along with a decrease of amino acids m corpuseles 13 Formation
of creatimine from creatine 1n the Inver 1s considered to be retarded but
formation of creatine was not altered %! Increases or other changes n
globuln following splenectomy, may be a cause of the leuhocy tosis as
mdicated 1m VMenkins <tatement that the factor which promotes leuho-
cyto=1s1s etther a globulin or globulin fraction of exudates &

Effect on Erythrocytes

Several changes 1 erythroeytes and their development which follow
eplenectomy may be due to decreased proteoly «is m the spleen The re
tieulocy tosis which often follows splenectomy has been attributed to m
creaced red cell longevity which increa es in normal guinea pigs from a
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pigs splenectomized 10 weeks previously 6% Several other changes which
have been directly attributed to splencctomy may be due to indirect
changes 1n the Iner For example, splenectomy has been considered to
dimimish tolerance for carbohy drates 193¢ but this reaction may be due to
other compensatory effects on the hver

Splencctomy 1n rabbits has no marked effect on the remaining Iy mpho:d
tissue The lymphoid tissue in the spleen comprises a very small percentage
of the total lymphoid tissue in the body 1n rabbits and its absence ean
casily be compensated for by the increased activity of the remamng
lymphotd organs as has been reported 1n the rat +#¢ The effect of =plen
ectomy m the rabbit upon the nmount of the remaining lymphoid trssue
agrees with that 1n the gumea pig,! 7 dog®®3 and man 514 #20

Splenectomy, alone or bined with appendectomy, did not produce
marked varations mn the growth curve of y oung rabbits nor did this devia
tion differ from appendectomy alone Loss of weight in 1 rabht, following
ablation of the spleen and appendix was less than 200 g and lasted less
than 1 week These results are contrary to those reported by Montemar
tim7™° who states that a decreasc 1n weight persists for a penod of several
months after splenectomy and with the results of Soula®® who con
cluded that splencctomy affected growth in rabbits through an msufficient
supply of lipids 54 Bardeleben (1841) found that one of the effects follow
ing splenectomy 1s “an mecrease in activity of bone marrow and lymphatic
glands ¥ 1%

Decreased anttbody formation!!1? 15 5 result of splenectomy Rowley
found that splenectomized animals formed a low circulating antibody titer
if & small amount 15 mjected intrasenously, but when the same amount
1s given intraportally or traperitoneally the splencetomized snimals
respond as well as controls Decreased antibody formation may be due
to some extent to an absence of plasmacytes in the spleen and to the
absence of the primary organ in which prolenged stasis of blood may occur

A pronounced leukocytosis usually follows splenectomy This merease
1n white blood cells in splenectomized animals may be due to the decreased
actisity of proteolytic enzymes which destroy lymphocytes and leuho
cytes 1 splenic stnusords or m the hepatic portal ven Leukoeytosts per
sisted for a month or more after splencetomy 1 rabbits and also after

bimed with appendectomy 514 Leukocytosis following
109

883

Toment
sglcnectom; has been established 1n rabbits, 8 20 ¢ man,!® 7 gumnes p1g
the albmo rat®7? mice?™ and pigeon M 103 Splenectomy produces a
greater neutrophilic leukocytosis than trauma 1n man 3 7 Leukocytos:s,
following splenectomy m rabbits often doubles after 5 days 120 The sp)eenf,
therefore 18 considered to be the principal organ for the destruction of

blood cells ¥° ¢
Splenectomy do

s not permanently alter the effects of some substances
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on Jeukocytes For example, leuhocy tosis with Iymphocytosis follons the
admimstration of adrenalin to splenectomized guinea pigs3%” However,
leukaeytosss produced by injections of odim nuclemate was higher
after splenectomy than 1n the controls *13¢ Splenectomy had an ameliorat
g effect on neutropena 1n 4 cases but had no effect 1n 2 others 88 Splen
ectomy modified the neutropema n a 62 year old man who had eyche
agranulocy tosis 3 ® Splencctomy had a beneficial effect on 2 cases of Felty s
syndrome, one of which had hydroplastie stcrmal marrow, whereas the
other had hy perplastic sternal marrow ®

Lymphocytosts usually follows splenectom) and could be due to the
decreased rate of ly=is of lymphocytes which normally occurs m the spleen
The merease 1 lymphoeytes persists for 4 to 12 months according to
Thitney (1928) 25! Lymphocy touis followng splenectomy, may be due to
asmgle factor or a combmation of several enzymes which destroy lympho
cytes im the lwer The spleen may condition Iymphocy tes so that they are
more su ceptible to the action of proteolytic enzymes In addition, the
spleen may furnish an enzyme or other mechanism for the activation of
trypsin or the mactwvation of the try psin intubitor Krumbhaar ¢ ob erved
cellular hyperplasia in the bone marrow after splenectomy and concluded
that this condition repre ents a compensatory respon<e to anemia and the
loss of an important hemolytic organ He suggests that splenectomy may
possibly cause lymphocy tosis by mereasing the activity of bone marrow

A possible cauce of lymphoeyto 1s and everal changes reported after
splenectomy may be a result of the decres ed retention of eosinophils 1n
the spleen The spleen functions as a reservorr of eosmophls as well as
erythroeytes 35 Furthermore these eo mophils are readily expelled nto
the blood by epinephrine ® ® If perovidase 1n granules from cosmophils
are mmportant 1n several <teps of protein catabolt m® an absence of
storage of these cells m the spleen may be a caust. of some of the reported
changes Several aspects of protem metabolism have been reported to be
altered by <plenectomy An mncrea e of amino acids has been reported m
plasma along with a decrease of ammo acids in corpuscles 19 Formation
of creatinine from creatine 1n the hiver 15 considered to be retarded but
formation of creatine was not altered ®* Increa es or other changes
globulm followsng splencetomy may be a cause of the leuhocy tosis as
ndiested m Menhin s statement that the factor wlueh promotes lenho
cytosis1s exther a globulin or globulin fraction of exudates

Effect on Erythrocytes

Several changes in erythroeytes and their development which follow
eplenectomy may be due to decreased proteolysts i the spleen The re
tieulocy tosis which often follows <plenectomy has been attnibuted to 1n
ereased red cell longevity which mereases 1 normal guinea pigs from a



260 LYMPHOCYTES AND MAST CELLS

range of 22 to 28 days to a range of 32 to 38 days during the month follow
mg splenectomy %2 A decrease in RNAase may also be a contributing
factor to the increase m reticuloeytes which has been reported in pa
tients following splencctomy,* and to the immediate mncrease 1n thrombo
cytes 334

A second possible effect of decreased proteolysis 1s the presence of the
Feulgen positive Howell Jolly bodies These bodies, which are considered
to be nuclear fragments i mature erythrocytes, occur 1 blood of splen
ectormized children and rats 388 Increases in Howell Jolly bodies were ob
served 1n 5 splenectomized adults 7 The presence of DNA 1 ery throcytes
suggests the possibility of the absence, or a decreased amount of exther an
enzyme or a coenzyme 1n the hydrolysis of DNA 1n splenectomized ani
mals, or the failure of retention and prolonged contact w1th the proteolyttc
enzyme

Splenectomy causes a temporary merease m erythrocytes n the blood,
but anemta has also been reported to be one of the permanent effects An
mcrease m erythrocytes and hemoglobin oceurred 1 5 patients after
splencetomy 7 Polycvthemia was reported mn dogs after splenectomy,™
but Chantel®™ found a transitory decrease Increased red counts in splen
ectomized ammals and man are rare 36 Prineigalli®! reported a reduction
1n ery throey tes 1 only 3 out of 12 <plenectomized dogs

One effect of splenectomy which would probably be attnbuted to its
funetion as a reservoir for bloed, rather than to 1its proteolytic function
15 the failure of splenectomzed dogs to have a lower erythrocyte count
after actrity Rest produced a decrease n ervthrocytes from about
6,000,000 to 4,320 000 per cu mm, but a decrease in erythroey tes did not
oceur 1n splenectomized dogs

Anemia has been reported to be one effect of splenectomy n rabbits,
dogs monkeys*®” and white rats®4® 27 This anema was related to the
spleen’s having a function 1n stimulating ery thropotesis, but may also be
due to the decreased retention of won mn the retrculoendothelial cells of
the spleen Products of the disintegration of erythrocy tes™ and other sub
stances produced 1n the spleen2® have been considered a cause of the
anemra following splenectomy Injection of splemic extract has been re
ported to correct the disturbance m erythropoesis 24% Splenectomy has also
been used as a means of therapy m pernicious anerma 1142

The erythrocytes were abnormally low for a month following splenec
tomy 1p rabbits On the other hand a temporary rise m ery throcytes for
2 weeks occurred 1n one splenectomzed rabbit 8# These differences may
be due to individual vanations, as reported by Princigalll,®t or to a con
stant effect of the spleen upon decreastng the number of red cells 9¢ 3
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Bone Mariow

hundant

Lymphocytes and pla ytes are 1 bone marrow, where
these cells have the function of synthesizing and storing nucleoproteins
for use by hematoposetic cells In the bone marrow, the formation and de
struction of lymphoeytes and plasmacytes mawmtains a balance between
mter and intracellular proteins as 1t does 1n the spleen In the bone
marrow of mammals, two additional nucleoprotemn relations include (1)
the release of blood platelets which contamr nbonucleic acid (RNA) and
(2) the disintegration of nucle: during the process of erythroporesis Mega
Laryoeytes and several other cells of the myel and ery throg
series have a high content of cytoplasmic RNA, as do the plasmacytes
but most of these cells differentiate mnto cells which contam specialized
products such as hemoglobin 1n erythracytes, or peroadace granules i
neutrophila

The bone marrow of 1 a derable amount of lymph
o tissue Lymphocytes in the bone marrow have been considered by
a few mvestigators to be a source of erythroctyes monocytes, plasmato
¢} tes and fibroblasts 1198 However these proposed functions have not been
established Disintegration of Iy mphoeytes i bone marrow releases nucleie
and amino acids, enzymes and other substances for hematopoiests For ex
ample, ammo acids 1n histone of Iymphocytes are available for the syn
the 15 of globia in ery thropotests Another possible functon of Iymphocy tes
1 hematopoletic tissues 15 that they are a source of the nucleoprotens
which are important 1n stimulating myeloporesis as Wright pointed out %35

Most somatic cells do not have growth activity comparable to that of
the cells m bone marrow The replacement of erythrocy tes, alone occurs
at an interval of a few weeks and runs mto daily formation of thousands
of milhons of the red cells Quantitatively the smount of lymphoid t1ssue
n bone marrow 1s as great or greater than that in the <pleen of normal
adult mammals In man, the amount of bone marrow (1000 to 3700 g) 1s
said 0 be 3 4 to 5 9 per cent of the body weight 1% and has been estrmated
by Doan (1931) to be about 1400 ml which 1s approximately the werght
and volume of the hiver 198

261
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LYMPHOCYTES AND LYMPHOID TISSUE

Lymphocytes, which compose by far the major part of the Iymphod
nodules were present 1n the bone marrow of 39 per cent of 23 normal
cases wWhose deaths were due to traumati=m 197 In these conditions the
Iymph nodes were considered to be normal rather than mdicatrve of
local mflammations 1997 W 155195 states that aggregates of <mall and large
Iymphocytes oceur throughout the bone marrow Yoffey™ ¢ recognizes
that bone marrow 1> subject to vamation, and states that lymphod
nodules occur 1n one out of three red bone marrows of adult man How
ever Lubitz and co workers® * reported 50 mstances of lymphoid nodules
1n tissue sections of marrow obtained by sternal aspirations They folloned
<ome of these pattents and stated that Ivmphord aggregates in the marrow
were the earhiest indication of lymphoeytic leukemia

Lymphocytes are <cattered singly throughout the bone marrow and have
been constdered to represent 5 to 15 per cent of the cells in differentral
cell counts of bone marrow vompared with 20 to 40 per cent of the cells
m differential counts of peripheral blood 35 It has been reported that
Iymphocytes represent 4 to 20 per cent of the cells 1n the marrow of 1
year old children® Holmes and Brown (1933) found that lymphoid
cells represented 249 per cent of the cells m the marrow of 7 normal
adults who had normal, peripheral differential counts 365 Leitner®®’ sum
marizes the normal my elograms reported by 20 authers and finds that the
percentage of lymphocytes varied from 2 to 38 Blisten (1944) caleulated
that there are 15 200 per cu mm lymphocy tes m bone marrow compared
with 3000 per cu mm 1n blood 1126

Most hematologists report that lymphocytes comprise about 10 per
cent of the nucleated cells m bone marrow and that the marrow represents

one of the largest collections of Iy mphocytes in the body * f these per
centages are accurate I ® Some of these differences in Iymphocytie ratios
may be related to the activity of the particular marrow sample Mechanth
(1926) believes that, normally only about half of the bone marrow 18
active at one time 1193 whereas Tullis™* believes that only one fifth of
the marrow 18 active at one time and that the remainmg marrow forms an
mactive reserve The differences 1n opmions concerning the presence or
absence of Iymph nodes m bone marrow may be related to the degree of
activity or mactrvity of the particular region of marrow studied For
example, lymphoid nodules and a higher percentage of plasmacytes might
oceur 1n 1nactive regrons of bone marrow and 1n this aite these eells
would represent a ‘ buildup” of protem storage or a ¢ bndging of the pro

tem gap, for use during active states of this particular region of the

rrow
msi‘he percentage of lymphocy tes 1n counts of cells m the spleen are about
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twice as hugh as thase usually given for bone marron For example t3 preal
lymphocyies ar. reported to represent 50 to 60 per ceat of the cells in
normal spleens 3 This pereentage nould be expected to fuctuste eon
siderably depending upon the relatne amounts of red and vhte pulp
used n determining the splenogram

Tneregsed numbers of lymphocy tes 10 several forms of arrested matura
tion 3n ery thropotette and my Iend add 1
t¢ the possibihty that Iymphocy tes and yies stare proten
for use by other eells An esaluation of “the hteratuce on the smewnt of
fymphod tissue 1w bone marrow in pernicous anemiz indieated estreme
mereases® ¥ The merease n the number of tymphoeytes in permicious
anemig v 43 50 great that it nas deseribed by Custer (1935} and Rosen
thal (1938} as grving the marrow a pscudofoilicular appearance 3t 7

The effects of phywologieal and pathologieal conditions and of many
expernmental procedures on bone marrow cannol be correctly evaluated
unless effects on the spleen sre considered betuuse there are functional
mterrelations between the ¢ 19,0 organs One comwson factor sn the spleen
bone marrow and Iy mph nodes 1s the presence of reticuloendothebat t1saue
partienlarly the simusexdal Iitoral eells Physiologieal pathologieal and
expennmental copditions which alter this systera would be expected o
have both direct and sadirert effects upen cells m the spleen For example
there are dillerences i speens of 1s 10 the relative ¢ of red
and yellow marrow which determme relations between the bane marzow
and spleen In additwon 1t has been suggested that the <pleen stimulates
hematoporesis

Estramedullary hematopotes:s develops m the spleen in many mammals
and 1n pregnant hamsters after the 9th day postcortus *# The long bones
of miee®™ and hatasters * contain only ted marrow Therefore, the spleen
more readily becomes a hematopoietic organ than mn those amumals 1
whom only a small portion of the marrow cavity contans red marrow and
n whom mereased hematopotesis ean extend to the yellow, or mactive
marrow G 1 and wryth do not occur i1y i the
spheen of adult hamsters w contrast with the frequent precence of small
bematapotetic foes in the spleen of some older mice of several stratns

The funetion of lymphocytes as protew synthesizmg and storing celly
may explain the werease of these eelis in bone marron 1o the earbser stages
of several forms of maturation arre ¢ of erythroeytes and granulocy tes
Systemse protesn anaboh m may be normal but one cause of the matura
ttan arrest 1s defi An essential comy enzyme of yioe which
13 es ential for the devclopment of hemoglobin or perouidase 13 sometimes
absent One wovld expect to find an mnereased amount o[ pmtem stored

The

n the bone marrow wn these

of
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lymphocytes 1n the bone marrow in these conditions would represent 1
creased intracellular storage of nucleoproterns

The nunsber of Iymphocytes and the amount of Iymphoid tissue in bone
marrow might be increased greatly during the earhier stages of condibions
of maturation arrest, but protem thus stored would be decreased n later
stages, 1f systemic protemn anabohism was decreased greatly Howeser,
acute posthemorrhagic anemias do not give a clear cut differentiation be
tween the protein condition of erythrocytes and granulocytes, and the
presence or absence of other agents necessary for maturation For ex
ample, defictency under these conditions 18 a relatively more mmportant
factor 1n maturation of erythrocytes than 1n protemn anabolism Leitner®®”
reviews the literature on the fi of 1ron defi Yy 1n anemia
following hemorrhage

SINUSOIDS AND PLASMACYTOGENESIS

Sinusords retan blood and thereby facihitate the retention of protem m
the bone marrow by the formation of plasmacytes A charactenstic feature
of bone marrow, as well as of the splecn 1s the presence of sinucoids that
have ighly permeable and irregularly arranged reticuloendothelial eells,
which afford a structural system to increase a phagocy tosts 16 393 493 and
exudatron The fact that apparently no one has reported the presence of
Iymphatics 1n bone marrow'® 251 492 661 108011 7 gy he attributed to the
presence of highly permeable sinusoids which fulfill the functions of
lymphatics 1n bone marrow as m other tissues, such as the splenic pulp
and the Iiver lobule 82 080 127

The bone marrow einusotd 15 usually deseribed as a specialized, dilated
region of a capillary derived from a terminal branch of a nutrient artery,
and connecting with & venous eapitlary 16 493 601 746 836 1080 Howeser, the
manner 1n which the artertes and sinusoids are connected 15 not so well
understood as 1t should be 881 The “exquisitely thin”7® wall of the bone
marrow sinusoid 1s essentially formed by reticuloendothelial cells 3%

Some myestigators believe that the wall of a distended bone marrow
sinusord represents a sieve like or latticed structure 51 392 493 Others be-
lieve that the wall 1s quite free of any openings which might function as
mural stomata #°* Nevertheless newly formed red blood cells and granulo
cytes freely, 1f not mysteriously pass through the sinusal wall into the
blood within the simusoids 3 ™6 The lining of these sinusords s often
referred to as “delicate endothelium,”4%8 889 but 1t 15 composed of Iittoral,
flattencd and phagocytic reticuloendothehial cells which may detach them
selves, roundup and become free macrophages n sinusoidal blood,!® and
e the loo e flnd stroma of the marrow %1 748 A form of cyclic

may i ad
parently prevails among the sinusaids, because smusoids are

activity ap]
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drstended whereas certan capiilanes i o capilary network are collapeed
As espillanes dilate to form sinueords others constrict to obliterate the
smusord by preventing the passage of blood 382 1979 Staas of blood 13
eonduene to plasmacylogeness m bone marrew a3 well as m splemse
<inuses and hemolymph nodes

Plasmaeytes represent about 1 per cent of the cells which occur
normal hone marrow “35 The plasmacy es 1 bone marrow hase been recog
mzed to function w the formation of smmune glebuling and other pro
temns-* Plasmacytes which do not normally occur an curculating blood
were found by Markoff (1937) to increase m number 1o the bore mwarzow
of a cace of serum sichness bug the day before the plasmacytes appeared
1 the martow they had been observed m the blood smears 2 Lertner®™”
pomts out that plasma cells merea e m many but not all eases of serum
hypetglotnnemia Plasmacyies form extremes of 8 0o 2 0 per cent {average
0 4) of the nueleated cells 1n normal bone marrow 1163

NUCLE! OF ERYTHROCYTES

‘The nueler which are lost during the blast stases of mammahan erythro-
tytes may contnbute to the syntheus of ~everal protemns Disintegration
of the nucleus dunng globin formation 1 mtetesting hecause most. of the
amma acxds which occur 1 globn of erythrocyies oceur mn histone of
nucles 2% The erythroeytes of all ammals lower 1n the vertebrate seale
ihan mawmals apparently retamn the pueleus ontil cytolyss of the el
In the exrly fetal stage of man and p bly of other
most of the circulating red cells (including tho e within the vessels) are
nucleated and have bacopbshe cytoplasm The percentage of nucleated
<ells decren<es progresainvely as the embryo deselops and as differentiation
and specialization of structures and organs proceed The disposttion
of the nuclens of mammahizn normoblasts pre ents another instance of
uncertamty as to the v ts of nts treph However
these treph bably are chiefly 1 hemato
poiests because the marrow is comnrmonly the site oI Ioss of the normoblasts
nucle

Most wnters esmply refer to the pracesy by which red celt pucler are
Jost s extrusion d; i but Caohe!® g the
wdea of nuclesr extrusion by statmg that 1f 1t does oeour 1t * must be
the unique example of cellular hara kin i Piology  Blackfan and co-
worhers™ ztate that the pyenohie tuclens s extruded ether as a whole
or 1 fragments and that after evtrusion of the nucleus the cytoplacm
of the erythrocyte 1e fantly ba ophxhc and ﬁlled with hemoglobuhn the
celi 13 then called a poly ch

Leitners?? appatmtls favorg t,he 'ﬂe\v of Habe!maxm {1940) who be-
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heves that nucler undergo disintegration and dissolution by proteolytic
processes mnstead of bemng extruded This explanation 1s supported by
Weiss 17 Cooke!®® states that 1n human normoblasts the nucleus becomes
pyenotie and karyolytic, with fusion of the chromatin particles to form
a dense, structureless, nuclear mass which undergoes solution so that the
young erythrocyte normally enters the blood without a trace of chromatin
The presence of reticula, Howell Jolly bodies and Cabot's rings withm
reticulocy tes, and the fact that basophilia <oon fades when 1t 15 present
1n ery throcytes,?® mndicate incomplete enzymic action rather than nuclear
extrusion

MATURATION OF ERYTHROCYTES

Blackian and co workers®t believe, along with Sabin and certamn other
polyphyletists, that the earliest or most primtive cell stage of maturation
of the adult erythrocy te 1s an endothehal (reticuloendothehal) cell in bone
marrow Thus, the consecutive cell stages given by these authors are (1)
primtive cell (which anses from reticular endothelium), (2) megaloblasts
(3) early eyrthroblast (4) late ery throblast, (5) normoblast, and (6) the
reticulocy te or polychromatocyte which 1s non nucleated and (by further
cytoplasmic changes) becomes the adult erythrocyte, or normoeyte

It 15 extremely difficult to explamn the stages involved in the process
of deoxyribonuclerc acid (DNA) and RNA changes, and the utihization of
these nuclete actds or their components i the formation of hemoglobin
with the essential albeit confusing terminology of the stages in matura
tion of erythroctyes Consderation of 2 few pomts i the eytology
of denucleated reticulocytes which Krache5? believes “are intermediate
stages bet 1 and non leated erythrocytes” will indicate
the trephocy tic nature of these cells with regard to DNA and RNA treph
ones YWhether or not the basophilic strands that occur 1n polychromatoe
eytes or retrculocytes contam DNA positive material has not been estab
hshed However Lracke inusts that 1t 1s not fully understood how
reticulocytes lose the nucleus and acquire a mitochondral network

Leitner®®? points out that the reticulum of reticulocytes 1s rich m 1f not
composed of RNA and that Cabot s rings are unusual forms of Howell
Jolly bodies hence they are nuclear remnants Coohe'®* believes that the
Howell Jolly bodies are nuclear fragments which have broken off after
the chromatin has aggregated mnto a structureless mass

1t has been shown that cytoplasmic basophilia 1s very famnt when 1t
first appears 1n the earltest primitive red cells, increases throughout the
stage, reaches 1ts maximum density m the megaloblasts and
decline m very late megaloblasts or earlest erythroblasts At
the nucleus becomes mcreasingly pyenotic and karyor

primitive
begmns to
the same time,
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rhetic 1 Then hemoglobm appears in the very late megaloblasts or first
early erythroblasts which occur when the nucler become monburnd and
cytopla mrc bacophilia dechnes As the clumps of nuclear matenal and
ba ophilia decrease the amount of h lobulin steadily until
1t reaches its maxymum 1n the earliest retrculocy tes

The appearance of hemoglobin 1n the cytoplasm 1s concurrent with the
on et of the destruction of the nucleus and the depletion of b+t ophilia
It increaces 1n amount as the e destructine proce es continue This proce
mdreates the po 1bality that the DNA of the nucleus and the RNA of the
basophilic cytoplasm are bemng uced in the formation of hemoglobin
Thus, 1t would also appear that the nucleus 1s destroyed by enzymic action
rather than by being fragmented or entirely ettrudcd

It 15 generally ded that the nuel ltan red blood cell
ucually lo es 1its nucleus before entering the circulation but that nuclear
substance may perstst for a <hort time i circulating crythrocytes of
pormal young (6 per cent) and adult (01 to 1 per cent} individuals 118
Anmerea e 1n the number of the e ‘ young erythrocytes commonly desig
nated by the meptly chosen name of retrculocy tes, 1n the blood 1s the surest
mdex of accelerated hematoporesis 1% Leitner®®? believes that poly-
chromatophilic erythrocytes are dernved from the marrow reticulum cell
by five successive steps proerythrobla ¢ early ba ophibic normoblast
polychromatic normobla t and orthochromatic normoblast in which the
spherordal and .olid nueleus loosens to form the network characten tie
of the typical retieulocyte Usually most mnvestigators sre content to
aceept the ongm of the reticulocyte as being from the normoblast and
con.der this cell to be an ery throcyte when 1ts RNA reticulum becomes
obscure and disappears from s1ew 1n routinely statned blood film prepara
tions

The non nucleated ery throcy tes of mice contain an appreciable amount
of nuclerc acid but 1t 15 difficult to determine from the results of Whit
feld 5190 work whether the major part of the nucleic acids were 1n the red
cells or 1 the blood plasma because he used hemolyzed red cells m
plasma However he armved at the concluston that the olid re idue
obtamed by hemoly zing blood of mice that had 2o per cent of the red cells
fected with Plasmodwum bergher contaned 12 times as much DNA and
20 to 2o times as much RNA as the residue from the blood of uninfected
mice This work indicates that the mature, pon nuclested mammalian
erythrocyte probably contains elements capable of prov 1ding raw ma-
tental for the synthesis of DNA and RNA 1n this epecies of malanal para
aite

Warburg (1914) howed that the rate of re piration 1n red blood cells
19 related to the amount of cytoplasmic basophila rather than to the
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presence of a nucleus, as hs earliter work scemed to indicate 19 Brachet!™
states that Warburg’s finding that nucleated red blood cells of mammals
(reticulocytes) have a higher rate of respiration than the adult mammahan
red cell has been venfied by Caspersson and P Dustin Since metabolic
activity 1s related to respiratory actrvity, 1t 1s reasonably safe to assume
that the nucleated red blood cell contains more trephones than the enu
cleated red cell It may also be assumed that most of the trephones lost
with the nucleus of red cells are utihized by other cells rather than bemng
destroyed

Nucleated erythrocytes of birds contam chromatin consisting of a “salt
of nucleic actd ’ with histone as 1ts protemn bace, “as 1 the thymus of the
calf or 1 echinoderm spermatozoa %5 However, the nucleated red cells
of birds and lower vertebrates are =aid to contan relatively hittle pro
tein #¢7 Ham3* and Jordan**® mdicate that the mother cells of mammalian
erythrocytes are probably well supphed with DNA 1 the nucleus, and
RNA 1n the cytoplasm

MEGAKARYOCYTES

‘The high content of eytoplasmic RNA, the absence of mitosts and the
pinching off of cytoplasmic particles which are considered to be blood
platelets, are characteristics which indreate that the megakaryocyte may
function 1n protemn synthesis and storage The megakaryocyte 1s one of
several kinds of giant cells which ocour 1n bone marrow 8¢ Other giant
cells 1 marrow include blasts and multinucleated pl tes 8%
Extramedullary foreign body grant cells occur 1n various pathologeal con
ditions 1 man and are behieved to have multiple origms, but probably
anse chiefly from reticuloendothelial cells 41 Some mvestigators believe
that foreign body giant cells m imfectious granulomas form by the fuston
of monocytes®™* or endothehial leukocytes by mitosis without division of
the eytoplasm,3* 73 and from the fuston of plasmacytes 83¢ Megakaryo
cytes sometimes phagoeytize vartous blood cells such as erythrocytes a0
neutrophls 83° eosinophils # © plasmacy tes and lymphoc;y tes 55

Megakaryocytes can phagocytize other cells, but their significance m
phagocytosis has not been established Kuyts (1931) suggests that the
apparent erythrophagocytosis by megakaryoeytes 1s an artifact due to
superposition ™ However, 4 p <ections of megakaryocy tes 1n bone marrow
of hamsters, prepared by the celloidin paraffine method of Crabb?®® md1
cate that this cell does phagocy tize erythrocytes platelets and polymorpho
nuclear leukocytes 5%

The functions of the megakaryocyte are partly related to its great
size (35 to 40 p) 1103 which 15 a physteal characteristic enabling 1t to
ingest cells of varous sizes Apparently megakaryocytes function as
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trephocytes chiefly by phagocy tosis and the digestion of cells or substances,
and dispensing the trephones thus obtained m the form of bleod platelets

The cytoplasm of most of the stages of megakaryocytes has a high
content of RNA Use of ribonuclease (RNAase), followed by stainmng with
methylene blue, and the method of staining marrow with methylene blue
at pH 49 indicate that megakaryocytes contain greater amounts of PNA
than that which oceurs 1n the cytoplasm of most cells These methods
show that most stages of megakaryocytes contam about the same amount
of cytopl RNA as pl ytes 535 However, Wislock: and co
workers'1%7 believe that the RNA, as sndicated by basophilia mn the cyto
plasm of megakaryocytes, 19 moderate m amount Other substances, such
as mucoprotein or glycoprotein,® glycogen!®” and peroxidase’ ! also
occur m the eytoplasm of megakaryoeytes The high concentration of
RNA may indicate that this cell 1s important mn the synthesis and storage
of protein and mn the release of protemn n platelets The significance of
RNA 1n the cytoplasm of platelets has been considered by several mnvest:
gators?

Platelets which arise from megakary ocytes according to the theory pro-
posed by Wright,? represent cytoplasme particles which are controlled
by several normal physiologieal factors and are altered by certamn patho
logical conditions The platelets of mammals therefore were considered
by Wright to be detached cytopla mc particles free 1n blood 11 However,
studies by Voit and hempa (1934) imdicate that Feulgen positive materal
may be mcluded 197 A companson of several histochemieal tests on
platelets and megakary ocy tes mdicates that platelets probably anse from
megakary ocytes 1197 Sy stems of canalieult occur 1 megakaryoeytes during
the process of platelet formation ™ Electron micro coptc studies have
demonstrated that ves<icles with a diameter of 100 A form m the cytoplasm
of megakaryocy tes during the early stages of platelet formation !t  Cer
tamn 1myvestigators believe that the formation of platelets represents g term:
nal disintegrative process of megakaryocytes rather than a normal func
tion becausc 15 to 20 out of 100 megakaryocytes (15 to 20 per cent)
have been reported to be degenerating %3
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Intestinal Lymphoid Tissue
Relationships

A umque rclation between alimentary protein and the method of its
utihzation 15 afforded by the presence and arrangement of 1y mphocytes
and plasmacytes mn the mucosa of the intestines, where these cells are
mterposed between the lumen of the intestine and the hepatic portal vemn
Small Iymphocytes and plasmacytes from the intestine release nucleo
proteins by disintegrating 1n the mucosa, hepatic portal vein and hepatic
sinusoids In addition small lymphocytes which pass through the hiver
mto the general circulation provide systemie distribution of a certam
amount of nucleoproteins by therr disintegration 1n various tissues and
organs

Intestinal lymphord structures occur as diseretely dehumited areas which
are dispersed throughout the length of the ntestine Intestinal lymphoid
structures are charactenzed by the absence of wecll defined afferent lym
phatics and nclude the Peyer s patches, solttary follicles, cecal Iymphod
patches and 1n certamn forms, the vermiform appendix Intestinal lymphoid
tissues are primarily composed of lymphoey tes

Large lymphoeytes i the germinal centers of the intestinal lymphoid
structures can use or store amino acids directly as they pass through the
1y mphocpithelium into the lymphoid tissue Most cells produced by mitosis
of large lymphocytes become small lymphocytes which do not dinide
Therefore, small lymphocy tes do not utilize the contaned nuclere acrds
for proliferation of their hind but transport this protein, chiefly as histone
and deoxyribonuelelc acid (DNA) through the hepatic portal veins or
the Iymphaties mnto the sy sterme circulation Small lymphocytes that enter
the lymphaties n the tunica propna of the mtestine may remain n the
panereas Asellt or other me<enterzc Iymph nodes for some time, where ome
of them transform into plasmacytes before entermg the blood stream
Those entering the venous system pass directly over the portal vem to the
Iiver where ome of them may transform into nbonuclere acid (RNA)
bearng plasmacytes and release therr cytoplasmic RNA for use by the

liver
270
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1t should be pointed out at this time that 1y mphocy tes and plasmacytes
are not indispen<able for protein assimilation by other cells Instead, they
Tepre ent an accessory Storage cell

In evaluating the sigmificance of 1y mphocytes and plasmacytes m pro
tein metabolism, 1t 1s necessary to recogmize that a very slight increase of
RNA and protein within numerous cells reprecents the first or earher stages
of protemn storage For eximple sfter a protemn lIow diet or total calorc
restriction, realimentation causes & shight increase of RNA and protein m
various tissues and organs <uch as the Iner and salivary glands The
merease of lymphoid tissue follons a somewhat longer interval

The 1dea that protemn 1s stored 1n the blood 1s comparatively nen
Bach® states that until 1935 phystologists beheved that there was very
hittle ¢ replacement of the protem of living tissue by dretary ammo acids
and that this was merely “to compensate Brobeck!!? pomts out that the
body of a normal well fed adult contains 2 to 3 Lg of reserve protein
He cites work ndrcating that hypophy eal growth hormone facihitates
nitrogen retention and protemn synthesis, whereas adrenocortreal extract
mcereases urinary excretion of nitrogen and potassium Sprinson and Ritten
bert (1949) concluded, from experiments with 1sotopes that the volume of
pooled free amuno acids m the human body represents G4 g mitrogen per
kg of body weght 2 Most writers believe that the ammo acids which enter
the body are earried by the blood to a1l trssues where they may be utihized
or mcorporated ¥ FHowever those ammo acids which pa s through the
lymphoepithelium (covenng of mtestinal Iymphod structures) may be
directly and mmmedsately utihized by large Iymphacytes m the wtestinal
lymphord tissues i the synthesis of DNA and histones These nucleo
proteins are retamed ehiefly 1n the nucle: of small lymphocy tes and may
be uced 1n the formatton of plasmacytes a process which meorporates
significant quantities of dietary amino scids directly from the lumen of
the mtestine Thus by virtue of this interposed location the numerous
!y mphord structures and aggregated cells i the mucosa and tunica propria
of the mtestine have direct sccess to dietary amno acids and other
substances required for the synthesis of nucleoprotemns This interposed
location 15 very sigmficant m view of the great number of lymphocy tes
and plasmacy tes contamned m the numerous and various intestinal 1y mph
oid structures i gddition to the free and apgregated cells 1o the mucous
membrane and tunica propria Lymphocytes and plasmacytes mn the tumica
propria of the intestne may supply trephones for transportation by the
hepatie portal senous trbutaries or by the lymphatic system via the
Incteals which pa s to the mesenteric lymph nodes In turn trephones can
enter the blood vessels that arce 1n mesenteric ymph nodes and pass to
the liver Howey er, the obious and more important route for the passage
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of intact small lymphocytes and trephones, freed from lymphocytes and
plasmacytes 1 these nodes, 1s 114 the lymphatics mnto the thoracie lymph
duct from which these cells and/or therr components enter the blood
vascular system

FUNCTIONS

The functions which have been assigned to Iymphoid tissue in the
digestive tract are as numerous and varable 1 scope as those functions
ascribed to this tissue 1n other regions of the body Drinker and Yoffey?
cite results which indicate that the tonsils, lymphoid tissue m the naso
pharynt and digestive tract were popularly supposed to be a defence
or barrter mechanism The theory of the defensrve function of lymphoid
tissue has recently been amphfied and extended by various i estigators
to include the filtration of noxtous material out of the circulation, and
antibody formation 1n lymph nodes * Lymph nodes in normal healthy
ammals were found to contan bacterra, because the nodes are constantly
filtering out particulate matter which may enter lymphaties In 1910,
Adarm elaborated this idea for the mucosa of the stomach and ntestine
He believed that these organs are constantly subjected to a process of
“subinfection ” 5! After reviewng the literature on the theory of mtestinal
bactena as 1t 1s apphed to the function of lymphoid tissue m health,
Drinker and Yoffey ! concluded that most of the work was speculative,
that expertmental proof was difficult to obtain, and that the mere pres
ence of bacteria m an organ or structure does not mean that 1t 1s not dis
charging 1ts normal funetions The 1dea that the function of intestinal
Iymphoid tissue 1s primanly 1f not wholly, defensive has resulted mn &
number of papers which extend over a period of several years !

A well established and very mmportant function of intestinal Jymphoid
tissue 15 that of lymphocytopotesis In many lower yertebrates, such as the
cyclostomes (hagfish) and certain higher forms the ntestine 13 probably
the first, certamnly the most important structure to form blood cells and
Iymphoxd tissue 58 Intestinal Iy mphoid tissue 1s regarded as an important
source of lymphocytes which emigrate to other organs These cells also
have been considered stem cells capable of producing erythroblasts and
other blood cells 493

Lymphoid tissue and lymphocytes have been assigned many funetions
1n nutrition These cells were believed by earher investigators to aid 1o
protem and fat transportation, and in absorption and asstmilation ¢
The rapid decrease of lymphoid tissue i hungry, and the inerease wihich
follows the admmustration of favorable diets show an mterrelationship be
tween mngested food and its assimulation® 2 1 898
Tt has been shown that intestinal Iymphod tissue plays an important
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part 1n gastric and intestal biosynthesis, and m the availability of
vitamins of the B complex 2 501 1157 4 number of mvestigators have pomnted
out that Iymphoid tissue 15 dependent upon the B vitamms for growth and
functional abihty and that this tissue strophtes in B deficrent am
male#¢ 4% Fupger? 5! or chemicals such as arcenieals, 3 benzene 4
cortisone % and others destroy lymphord t1 sue throughout the intestinal
mucosa without showing a selective effect on any one form of Iymphord
structure such as solitary follicles or lymphord tissue 1 any one ares
Obviously, the e results are the result of systemic effect

Most herbivores have a higher percentage of Iymphocytes than granulo
cytes but this relation 1s reversed mn carmvores The predommanee of
granulocy tes over Iy mphocytes 1n carntvorous ammals may be important
as a source of peroxidase for relatively greater amounts of protem catabo-
hsm®  whereas the greater percentage of lyrphocytes i herbrvores may
be mdicative of the function of lymphocytes mn nucleoprotemn synthests
and as a protem storage the transportation cell Brllal!® states that the
white blood cells 1n herbivorous mammals average about 6520 per cent
lymphocytes and 3047 per cent granulocytes, whereas most earnn ores
have 40 to 50 per cent Iy mphocy tes and about 57 per cent granulocytes 1n
the peripheral blood Cats have 59 5 per cent neutrophils and 54 per cent
o mophils with only 31 per cent Iymphocytes and 4 per cent monocy tes
Dogs have 68 per cent neutrophils and 51 per cent cosinophils with only
21 per cent lymphocytes and 52 per cent monocytes Rabbits have about

48 per cent granulocytes 39 per cent lymphocytes and 8 per cent mono
cytes®

Peyer’s Patches and Solitary Follicles

Peyer’s patches are scattered throughout the length of the small 1n
testimes—and scattered typical solitary lymph nodules occur m the
mucoss of the mouth esophagus, stomach, small and large intestipe 9
The sigmfeance of the solitary nodules 13 difficult to evaluate because
usually they are mot readily vizible until the mtestine has been fixed
and cleared They cannot therefore be surgically extirpated Further
more, the slight variations that follow experimental procedures with
testnal lymphoid tissues are difficult to evaluate

A review of the hterature on Peyer s patches shows that there 15 a
general conformity 1n localization and di tribution of the<e structures n
mammals 5! Peyer s patches are es entially aggregates of solitary nod
ules 196 Three to 24 of them occur as lymphoid tissue 1o the mucosa of
the small ntestme of mammals Peyers patches are devord of true
afferent, Iympatics ke other mtestinal lymphoid tesue Consequently
collecting sinuses are absent However as shown for the itestmal lymph
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oid tissue 1n the appendix of the rabbit, capillanies pass from the lumen
of the appendix (v1a the flask shaped mucous glands) through the lympho
epithelium and continue through the parenchyma of the nodule as diserete
tributanes of the internodular collecting lymphatics

The number of Peyer’s patchest®5 1960 « aries in species, strains and m
dividuals For example, counts of Peyer’s patches m 780 mice belonging to
five strains indicated that the losest range oceurred m C57 Black, which
had an average of 63 patches for 249 intestines The highest average
number of Peyers patches was 107 for 124 C3H mice 37 The average
number of Peyer’s patches m the small intestine of 46 rabbits (chiefly
New Zealand white) was 55, with no significant sex difference 1n stze or
weight of the patches ®° Peyer's patches m the =mall ntestine of 400
normal hamsters ranged from 5 to 18 1n number with an average of 9 95 51¢
The mean and frequency distributions were essentially the same as m
mice 57 Hamsters with a mean of approximately 10 patches have more
than the usual number of 6 found 1n rabbits”® or the average of 63 found
1n C57 Black mice 517 but considerably less than the range of 18 to 26 for
rats®®® and 20 to 30 for man 4%

No sigmficant sex difference was found in the number of patches in
normal hamsters The 200 males had a mean of 10 1, and the 200 females,
98 The frequency distributions were also the same for both eves ac
cording to the chi square test for goodne s of fit > Solitary follicles n
the small mntestine of hamsters were much larger than a pin pomt, but
were found 1n only a few of the 400 control animals The maximum number
of solitary follicles found 1n a single small intestine was 7 None of the
other 399 control hamsters contamed more than 4 Thus, the Peyers
patches comprise almost the total volume of the organized lymphord
tissue m the small intestine of hamsters, but each villus contamns many
lymphocy tes and plasmacytes 535

Cecal Lymphod Trssue

Small areas of lymphoid tissue occur 1n the walls and apex mn the cecum
of most rodents There are great differences however between rabbits
(order Lagomorpha) and true rodents with regard to the cecal lymphoid
tissue Ottaviam™ noted that some of the Iymphord tissue 1n the intestime
of the rabbit does not have homol, m other Is and that the
classificatton of these lymphoid structures mn the rabhit 1s not applicable to
that adopted for man Rabbuts have conspicuous and peciahized lymphoid
structures near the ileocecal valve 1n additton to a very large vermiform
appendix The sacculus rotundus connects the 1leum with the cecum and
forms a lymphoid antechamber to the ileocecal valve and cecum Strue
turally, the dusr bles the appendical and cecal lymphord
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patehes much more than 1t does the Peyer s patehes The sacculus rotundus
does not oceur m laboratery rodents It appears to be pecuhar to the
Lagomorpha, at least in North Amersea and domestic forms Smce the
saceulus forms an enlarged speciahized Iy mpoid antechamber of the cecum,
snd may be distended with ehyle by temporary closure of the tleocecal
valve 1t probably plays an important part in the absorption of the products
thus retamed

The saceulus rolundus may alse function as a temporary reservorr for
chyle and thus following closure of the ileocecal valve retard the passage
of matenal through the large mtestine and, thereby promote colomie
dgestion of cellulose and the abserption of nutrients, water and bile m
cecectormized rabbits4 3 This mechanisn doubtless 1s very effectnie m
normal intact rabbuts

The tecal patches of lymphoid tissse are usually miuated m the wall
on opposite sdes of the ileccecal valve w lagomorphs Ceeal lymphod
tissue also ncludes the tonslla dleocecalis major and munor when the
TNOT 12 present Among the wild Jagomorphs the pika has the tonslia
deocecahs major and minor modified to form el d tubular
the lumina of whieh are 1 mismate copneetion with the lumen of the
eetumn 5o as Yo permt free mterchange between the cecal and }ymphod
tiesue products

One to several smaller patches are present 1n the eecal wall m rodents
such as mmce rats hamsters and western fox squirrels The cecurn of the
vole Arvicola or Microtus ° and guinea pig have multiple sacenlations
or compariments open to the lumen Each sacoulation often has a large
parsetal lymphord pateh Contrary to the idea aceepted by same hustolo
£ists * the puinea pig s cecum does not havea  vermaform appendix  The
Iyrophesd tissue m the cecum of all the domestic and wild rodents ex
amned by us was hmited to aggregates of nodules which were ssmlar 1n
structure to Peyer s patches but no structure resembling the spiral valve
orthe v ermform process of lagomorphs was found 397 ¢ o4

The patches of lymphaid tissue 1n the cecum of rodents 15 the Peyers
type the most masstve of which 13 usually situated 1n the blunt apex of the
rather simple sach hike cecum Only a few of 300 mzce of five wbred strams
which sneluded C57 Black C3H Swiss and Dba hne 212 had an extra

Yymphad pateh 1n the cecum but this was the only clear cut vamation
found 117

Cecal Form and Feeding Habity
There 13 a fawly consistent correlation between the structure of the
digestive tract and the nutural food and feedmg habits of wnumals 7
for example the sh ence lemgth and morphology of the cecum and
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colon 219 85 89 730 However, as Gadow pointed out for birds™ and
Oppel™® for all classes of vertebrates, 1t 13 often difficult to relate the cecum
to nutrition Also, data on the occurrence of cecal Iymphoid tissue 15 often
seanty or absent

Gallinaceous birds, such as chickens, turkeys and partridges, are prn
manly seed eatng forms and have long, paired ceca Predatory birds
commonly have short, parred ceca, and others may have long (8 to 9 em),
pared ceca 7° Pigeons, which are primanly seed eaters, and certam
sparrows and finches, which eat both seeds and mnsects, have short, paired
ceca Some of the woodpeckers, which are primanly insectivorous and,
1n season, frugiy orous, have no cecum at all 739 The presence of a capacious,
elaborate cecum, as 1n certain herbiyores, or the absence of a cecum n both
birds and mammals, as m certam carnrvores and msectvores, indicates
that this structure 1s endowed w1th special funetrons related to diet How
ever, the work of many mvestigators suggests that practically all available
carbohydrate, fat and protemn have been absorbed before the contents of
the small intestme pass through the 1leocecal valve 8 ¢

A certamn amount of biosynthesis of B vitamms occurs 1 the first stom
ach of ruminants and m other regions of the intestine 1n various ammals
However, the cecum 1n most non ruminants 1s by far the most favorable
regron of the gastromtestine for the sy nthests of vitammns and the digestton
of cellulose by organisms However, this efficiency of the cecum and colon
(and the rumen) vartes 1n different ammals because 1t 1 related to multiple
factors, the most obvious of which 1s size or capacity The amount of
1ymphoid tissue 1n the cecum and appendix 1s primanly related (1) to the
capacity of the cecurn (2) to the hind of matenal and length of time 1t
1s retamned and (3) to the extent of bacterial and protozoal activities within
this organ

Most earnivorous mammals, such as domestic cats, have a short cecum
with an apical, lymphoid cap or patch Some carnivorous mammals end
birds do not have a cecum Mammals which do not have a cecum mnclude
the long tailed shrew a canmibalistic nsectivore,?% the European mole
(Talpa) and the bat (Vesperugo) insectivores the dormouse (Myoxus},
a rodent, and the sloth (Bradypus), and edentate 73¢

Omnivores usually have a relatively larger and more capacious cecum
than carnivores, however the cecum of an adult man 1s about 60 cm IOD%
and 7 5 cm wide 335 450 and that of the orangutan 1s about the same size 3
MMost dogs have a flexous pomnted cecum which 13 107 to 1525 cm 10
length 7 %3 Domestic dogs are classified as carmvores, but are capable
of utihzing nearly 5 per cent of mgested cellulose, 1n contrast with man
who can utilize so very httle eellulose that 1t 18 of no nutnironal signifi

cance 412
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Monogastnic herbivores, the cecum of which attains a relatively maximal
size utilize about 25 per cent of the cellulose consumed Certam of the e
ammals especially the grazing mammals have a large capactous cecum
the mze of which does not appear to be defimtely related to the type of
stomach possessed by the ammal That differences m the «1ze of the cecum
of rumnants and non ruminants 1s not greater 1s surprising since the
first stomach (rumen) m ruminants serves as a fermentation pouch for
the preliminary digestion of food, for the production of vitamim B, 1137
and for the synthes:s of protein from urea by the brosynthetie activity of
microorgamisms within the rumen2 Thus the specialized stomach and
eecum of rumnants afford a highly efficient dural arrangement to msure an
opportunity for maximal digestion and con equently maximal ab orption
of food Ruminants (Pecora) have a large cecum m addition to four
stomachs % but the cecum 1s hardly comparable 1 size to that of the
hor e™° and, probably other non rummating grazing mammals The
cecum of both types of gramng mammals has spectal functions of m
pounding material to further the fermentation of the cellulose (perhaps
differential m effects) and probably of dead resident orgamsms and the
brosynthes:s of certam members of the vitamin B group The cecum alco
acts as a special organ for absorbing the products of this fermentation as
has been postulated for the cecum of the horse'” and rabbit 535 and for
absorbing the synthesized vitamins Adult cattle have a fleved cecum which
averages about 076 m®* to 140 m " The cecum of sheep 1s about 035
m 1n length,™¢ whereas that of the horse 1s about 122 m long and has a
capacity of 26 5 to 3038 1942

Members of the Lagomorpha probably have the most remarkably con
structed and most effictent, cecum of all mammals 197 %4 A very large cecum
occurs 1n rabbits and hares the most widely known members of this
order The cecum of these animals 1s equipped with a spiral valve which
makes about 25 turns and terminates mn a well developed vermiform ap
pendix 197 20 The pika or coney (Ochotona princeps) has a peculiarly
sacculated procolon®!® between the cecum and colon as well as a true
vermiform appendix However its cecum differs from that of the other
lagomorphs 1 having more turns 1n the spiral valve Also the tonsilla
tleocecalis major and minor are greatly extended to form tubular verm
form diverticula which are composed primanly of lymphoid tissue The
Dika subasts chiefly on dried grass 9 to 10 months of the year because
this species hves at high altitudes near the timberline The cecum 1s wide
and long and has a spiral valve like fold in the pika and the vanous
kinds of rabbuts and hares (Dutch New Zealand white Flemmish Belgan
wild cottontaul black tailed and white tailed jack and snowshoe) which
we have examined The cecum 1 300 embalmed adult New Zealand white
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rabbits was 200 to 36 0 cm 1n length 3 The potential length of this organ
m the rabbit 15 much greater than 1ts outside dimensions would indicate
because of 1ts shelf like spiral valve which makes approximately 25 turns
within the lumen A comparable provision occurs 1n the large cecum of
the guinea pig which 1s divided mnto a number of stall Ithe compartments by
thin, wide, internal, transverse folds of the mucosa that form incomplete
crrcular partitions

Correlation between the size and architecture (smooth, haustrated
partitioned or provided with a spiral valve) of the cecum and the hind of
food eaten by the amimals 15 essentially the physical foundation for the
explanation of the digestrve and absorptive processes mvolved The adult
rabbit by virtue of its very long digestive tract and highly specialized
cecum and appendix, can mamtain itself well on a diet that contans only
12 to 15 per cent protemn A diet that contamns 16 to 20 per cent protemn
1s adequate for pregnant and lactating rabbits 225 Rats require 25 to 30 per
cent protem 1n the diet for “optimum growth and excellent reproduction
and lactation "2 Apparently, very few other mammals can remarn healthy
and reproduce normally on a diet that contains even the maximal amount
of protemn required by some of the lagomorphs for eptimal reproduction
and growth This difference 1n the amount of required protemn apparently
1s chrefly compensated by activities of the intestinal flora and the ab
sorptive capacity of the specialized lymphoid tissue m the cecum and
appendix

‘The unusually large and highly specialized cecoappendix of lagomorphs
suggests important functions, some of which apparently are related to
the hydrolysis of cellulose and to the biosynthesis of protems and B
vitamins However Herndon and Hovet 3 found that surgieal removal
of the cecum and appendix did not mhibit the digestion of cellulose 1
5 rabbits which survived this very severe operation up to 9 months About
15 of the 20 cecectomized rabbits died mn surgical shock The daily average
growth rate of the 5 ceccctormzed rabbits was 22 g, whereas the control
rabbits averaged 25 to 30 g However the food supplied these cecectomized
rablits was well fortified with vitamms It included at least one (biotn)
of the two vitamins (biotin and para ammobenzoie acid) which are re
quired for cellulose digestion 1 vitro ™ Al<o, the diet of these cecectomized
rabbits apparently had a much higher protemn content (25 per cent casemn)
than that of rabbits i nature or that required by domestic rabbits for
optimal mamtenance (12 to 15 per cent) and shightly exceeded the 16
to 20 per cent protem that 1s recommended for pregnant and nursing
females %5 The high protemn content of the diet that was fed to the
tomized rabbits probably furthered cellulose digestion Hall (1954)

ect
oo¢ t1al by droly sates of proteins stimulate the rate of cellu

hasshown that ‘par
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lose digestion’? Nevertheless, utthzation of sodium and potassum was
greatly lowered and fat and protemn digestion were reduced to a lesser
extent Howeyer, caleium and ash utilization remained normal m the §
cecectormzed rabbits 4 2

The conclusions of Herndon and Hove! 3 that total cceectomy did not
bt cellulose digestion mm domestic rabbits does not militate aganst
the possiility that the cecum and appendix form a speetal adaptation to
msure the digestron of cellulose, and the synthesis and absorption of pro
terne vitamins and other substances 1n wild rabbits Irving under conditions
far less favorable than may be maintamed m the laboratory

Absorption from the Cecum

The elaborately pectahzed structures within the cecum 1n ceriamm mam
mals mdicate that this organ at least mn some smmals 15 a specralized
adaptation and plays a part in biosynthesis These ceca retan chyle and
absorb certain materials from 1t Most of the herbivores (hor e guinea
pig chinchilla) and some of the omnivores (snine) have sacculated,
haustrated, partly partitioned or otherwse muliiple compartmented ceca
Some of the omnivorous (mouse hamster) and many of the carniorous
mammals (cat) have a nearly smooth walled cecum usually with a well
defined patch of lymphoid tissue at the apex Lagomorphs have an n
ternally projecting rather thin connective tissue supported fold of the
mucosa forming a sort of piral valie, which makes about 25 (rabbit)
or more (ptha) spiral turns m the cecum 2% 7° Notwithstanding the un
usual structural spectalization of the cecoappendix mn rabbits 1t has been
reported that cecectomy failed to prevent the normal digestion of cellulose
m laboratory animals fed an optimal, high protein dret ¢ 3 W hether or not.
cecectomezed rabbits can survive the nigors of a diet that consists chrefly
of low protein hage which 1s often tered n natural condit
remams to be seen

Specialized villus ke mucosal processes up to 11 mm n length and
exhibiting intence alkaline phosphatase actruity in the epithelium  pro
Ject nto the lumen of the cecum proper and the smpulla caecahs eol 1
the red tree mouse Phenacomys longicandus 1%t Voge and Bern'®®! re
viewed the hterature on willt of the spiral valve 1n lagomorphs and state
that Tullberg (1899) observed numerous long branched v1lh on the rim
of the spiral valve of the cecum’ m the Sibenian pika, Lagomys alpinus
(Ochotona alpina) but failed to deseribe mn detail the number size or
structure of these villi These mve tigators'®! found villus Ithe tructures
similar to those ob erved by Tullberg in an alcohol preserved American
piha Ochontona princeps which were present on the mm of the spiral
‘alve only and were <horter wider and flatter than those of Phena
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rabbits was 20 0 to 36 0 cm 1 length 535 The potential length of this organ
m the rabbit 18 much greater than 1ts outside dimensions would indicate
because of 1ts shelf like spiral valve which makes approximately 25 turns
wathin the Jumen A comparable provision occurs 1n the large cecum of
the guinea pig which 1s drvided 1nto a number of stall Iike compartments by
thin, wide, internal, transverse folds of the mucosa that form incomplete,
circular partitions

Correlation between the size and architecture (smooth, haustrated,
partitioned or provided with a spiral valve) of the cecum and the hind of
food eaten by the ammals 1s essentially the physical foundation for the
explanation of the digestive and absorptive processes imvohed The adult
rabbit, by virtue of 1ts very long digestive tract and highly specialized
cecum and appendr, can mamtain itself well on a dret that contains only
12 to 15 per cent protein A diet that contams 16 to 20 per cent protem
1s adequate for pregnant and lactating rabbits 895 Rats require 25 to 30 per
cent protemn 1 the diet for “optimum growth and excellent reproduction
and lactation /6% Apparently , very few other mammals can remarn healthy
and reproduce normally on a diet that contains even the maximal amount
of proten required by some of the lagomorphs for optimal reproduction
and growth This difference 1n the amount of required protein apparently
15 chiefly compensated by activities of the intestinal flora and the ab
sorptive capacity of the spectalized Iymphoid tissue 1n the cecum ard
appendix

The unu<ually large and ghly specialized cecoappendix of Jagomorphs
suggests important functions some of which apparently are related to
the hydrolysts of cellulose and to the biosynthesis of proteins and B
vitamms However Herndon and Hoves 3 found that surgical removal
of the cecum and appendix did not nhibit the digestion of cellulose
5 rabbits which suri1ved this very severe operation up to 9 months About
15 of the 20 cecectomized rabbits died 1n surgreal shoch The daily average
growth rate of the 5 cecectomized rabbits was 22 ¢ whereas the control
rabbits averaged 25 to 30 g However the food supphied these ceceetomzed
rabbits was well fortified with vitamins It included at least one {biotin)
of the two vitamins (brotin and para aminobenzoic acid) which are re
quired for cellulose digestion in vitra 7 Also the diet of these cecectormzed
rabbits apparently had a much higher protein content (25 per cent ca em)
than that of rabbits in nature or that required by domestic rabbits for
optimal mamntenance (12 to 15 per cent), and shghtly exceeded the 16
to 20 per cent protemn that 1s recommended for pregnant and nursing
females #5 The bigh protemn content of the diet that was fed to the
cecectomzed rabbits probably furthered cellulose digestion Hall (1954)
ha3shown that “partral hy drolysates of proteins stimulate the rate of cellu
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live pnmanly on a plant diet that has a low protemn and a hugh cellulose
content, this practice 1s an adaptation whereby these animals may syn
theuze various protems and utilizable forms of carbohydrates and con
cerve subst , such as v Is and p of muem
The practice of coprophagy 13 «o widespread among laboratory ammals
that prevention of remgestion of feces by animals bemng used m nutritronal
experiments 1s required

Rabbits have been suspected of chewing the cud or reingesting feces
(pseudorumination)?®'® for many years 2% ® However, 1t has developed
that the rabbit 1s probably the only common laboratory mammal which
creumvents the usual precautions for the prevention of coprophagy, by
ngesting feces directly from its anus Eden ® included 50 mg of copper
sulfate 1n the diet of rabbits which were hept 1n individual cages that had
a wire mesh bottom to permit fecal pellets to pass through He placed a
wide wooden collar around the ammals necks 1n order to prevent the m
gestion of feces directly from the anus By this method, he found that
rabbits normally ingest 54 to as much as 90 per cent of their feces Rabbits
which were prevented from remngesting feces digested an average of only
63 per cent of the food eaten Following removal of the collar, they di
gested 77 per cent hulwick and co workers®™ found that rabbits voided
29 per cent more fecal maternial (when considered on a dry basis} when
they were prevented by a collar from eating feces Other investigators
stanchioned rabbits to prevent ingestion of the feces while bemng voided ¢ *
Tu addition Herndon and Hove* ® observed that cecectomy apparently
disrupted the neural chemical or physical motivator which nduces eop
rophagy 1n normal rabbits

Taylor'®3 points out that the soft, mucus coated sreall round pellets
often seen 1n the cardia of the stomach have been rengested directly from
the anus by the rabbit He thinks that these feces are ingested during early
morning by tame rabbits but late 1 the day by wild rabbits We have
observed intact pellets near the eardiac valve in the stomach of a New
Zealand white rabbit and noted the progressive digestion of these pellets
asthey were moved nto the fundus Thus, we observed mntact pellets near
the eardiac valve partly emptied to completely emptied or ghosts of
mucus covermgs in the pylone half of the fundus The hard day pellets
of rabhts are supposed to be denved from matertal which has remaimed
for some time 1n the cecum The soft pellets, which are remgested are
believed to be derived from material which has bypassed the cecum 219 4 3
The macin and niboflavin content of soft feces are believed to be 3 to 4
times that of the hard feces i rabbats 572

Rabhuts caged so as to prevent coprophagy, did not grow as rapidly
as the group 1n which coprophagy did not grow as rapidly as the group in
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comys ” They state that this ¢y pe of villus occurs m the rumen of cattle
and sheep which are the only mammals that have villi comparable i
length to the cecal vill of Phenacomys

Vilh are usually limited to the small mntestine of adult mammals 106
Cecal villt, however, aceur 1n the cecum proper, and 1n the ampulla caecals
coli, and extend into the first coil of the posteecal spiral mn the red tree
mouse, Phenacomys longicaudus The long (up to 11 mm) cecal willt
contam numerous acinar glands which are absent 1n the intestinal villt
of this mouse Villi were not found 1n the cecum of five other genera of
the subfamly Microtmae to which Phenacomys belongs 1%t Voge and
Bern!%®! point out that cecal vitli have not been demonstrated m any of
the rodents previously discusced in the hterature The presence of nu
merous acinar glands suggests that the cecal valli 1 Phenacomys are more
nearly related to mucosal plicae than to true mtestinal villy, as 1s the case
with the “villh” 1n the pylone end of the duodenum of mice

Recorded smulanties and differences between the ileal and cecal villi
of Phenacomys mnclude the presence of intense alkaling phosphatase ac
tivity in the epithelum of both ty pes of vith which 15 especially mmportant
because carbohy drate transport mechanisms apparently require alkalme
phosphatase 196! Voge and Bern suggest that the similanty of cecal end
1leal mucosae may be specially adapted to a diet generally restricted to
pine needles the nutritive substances of which are obtamed by the ab
sorption of “products of bactenal disintegration ”

The cecum of the duchbill (Ormithorhynchus anatinus),’? mice, cats and
many other mammals 1s usually characterized by the presence of a well
developed Iy mphotd mass at the apex It 18 mnteresting to observe that this
apical lympheid patch also occurs m the cecum of the red tree mouse,
turkey and chicken 53 More ficant phyl tie and tie
evidence that the cecum has definitely absorptive functions 13 indicated
1 chickens which have paired ceca with basal portions that contam in
testinal vall 131 These and villt 1 the rectum™ and lymphoid elements
1n the cloaca probably have the special function of salvaging the hydro
1yzed or synthesized food materials which eseape absorption m the <mall
intestine and ceca Villi are also present m the appendix of the fetal
rabbit and do not disappear until the end of the 2nd or dunng the 3rd
week after birth ©

COPROPIIAGY
Coprophagy 1s & normal practice of rabbits and rodents and 1s a natural
source of mereased amounts of B vitamins nuclete aeids and mucopol; sac
charides (MPS) which are derived from bacterial action and the disinte

gration of bacteria m the stomach and intestine In certatn ammals which
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gonclusiens, deawn from the mnportance of bacteria i the rumen hae
been a=sumed to have a sumlar wmportance 1n the eecum of Lagomorpha
Hydrolysis of cellulose to short carbon chams 15 a source of utihzable
carbohy drates and 15 wdirectly smportant 45 a subsirate for the mtestinal
flora and the synthesis of B vxtwmims and amino aeaids by bacterta Cellu
lose fexmenting bactena m the rumen comvert cellulose mto an absorbable
form 2 such as glucose 4 I rabbits this hydroly sie normally oecursin the
enormous cecum and {o « lesser extent 1o the mntestine 4 3 By the practice
of coprophagy these ghorter carbon chams are subjected to the action of
enzymes m the stomach and first part of the small intestine Pentosans m
herbayora are considered to be betw een 40 to 80 per cent utthzable
Bacterta i the witestines and ceourn sy nthesize 1anous growth promot
g factors for the animal and for the proltferation of other bactenia Peter
<on and Peter=on™ j1st many of these boeteria which synthesize B vita
g antihemorrhagic compounds and uracil The obvious relation bets cen
the size and structure of the cecum and the }ymphoid tissue 1n the cecal
wallis espectatly mgmficant with regard to the B +itanums beeause the host
15 dependent upon bactenial synthesss for certain fractions of this group
and for vitamm K Nayjar and Barrett™ pomt out that synthesis of the
B group 15 brought about largely by microorgamsms in contrast with
vitamm C which 1s synthestzed wathin the tissues Synthess of B vitamins
by the mtestinal flora has been estabhished by warwus mestigators who
hatve used several methods For example cecectorny duninishes the protec
tive pomer of the feces agamnst B deficiency except in mstances where part
of the remaming colon assumes the funetion of the cecum * 3 ™3 Abdel
Salaam and Leong {1938) found that mixed cultures from the rat caecum
grovn &t 37 produced B vitamms They found that sbout 16 IU per g
were 5y nthemzed by bacteriain young cultures and that the amount gradu
ally dimmshed niter 3 days meubation Low coneentrations of antimatics
were considered by Ersenstark and Dragsdorf " tofavor or actually stimu
late the growth of bacteria beeause cecal Sltrates from antibwotic fed
birds stimulated b 1 prohif; more than cecal filtrates from con
trols It has been found that a strasn of y east cultivated in continuous trans
fers 1n a medmm free of B vitamins synthesized \stamms B, and B 7
Quigley® © callected data wich show that biwtin nboflavin thiwmne nico
timie scid B, and other vitamins are synthesized by bactena 1n the cecum
of herbrvores Other 1oy eshigators have found thad some of these B vitamins
are synthesized m the cecutn of rablbitg 4 4 ¥t 12
Bactenia i the rumen and mtestine are smportant in protein synthesis
Bacteria in the rumen of sheep ean use urea as the matn <ource of nitrogen
forthe synthess of 10 amino amids 7 Smlarly protem may be sy nthesized
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which copraphagy was practiced when the dret was hay and roots How
ever, these caged rabbits regained their normal growth when fresh grass
was mcluded ' Thacker and Brandt (1955) found no sigmficant dif
ference m the digestion of cellulose by rabbits permitted freedom of cop
rophagy, and those stanch d to prevent of their feces!?
1t has been reported that by coprophagy “rabbits convert their feed into
meat as efficiently as swine” and that the gastric contents of rabbits has
a pH of 20 to 324" Cuthbertson and Phillipson™® pomnt out that the
psysiology of coprophagy 1s obscure because there 1s no distinet separation
of food, as indicated by barium feedings

The 1mportance of coprophagy 1s greater than 13 usually suspected
Kulwich and co worhers®? caleulated that rabbits, permitted to mgest
therr feces ad libitum, obtamn about 83 per cent more niacm, 165 per cent
more panthothenie acid, 100 per cent more riboflavin and more By than
when these animals are deprived of this practice Vitamin B deficient rats
lived Jonger, and the young rais often made appreciable growth when they
were permitted to remgest 70 per cent or more of their feces 877 It has been
found that the prevention of coprophagy mhibits growth 1n young rats 0
718 877

The effect of the admmstration of By per 0s indicates that cobalt 15
an cssent1al element for ruminants but that 1t 1s not as necessary for other
herbivorous ammals Horses, rabbits and herbivorous marsupials can do
well on fodder seriously defictent n cobalt, v hereas, sheep and cattle be
come debilitated * Attempts to produce cobalt defictency m small labora
tory ammals and rabbits have not been successful 83 Certam failures to
produce experimental cobalt deficreney 1n rabbits were attributed to ha
bitual coprophagy %5 Coprophagy appears to be equally sigmficant 1
the failure to produce cobalt deficiency experimentally 1n rats %5 7

Cecal and Appendical Flora

Some products of cellulose hydrolysis by imtestinal bactertal are 1
direetly important 1n protemn metabolism by furmshing media for the
proliferation of bacteria Hawk and associatest! state that there 1s dxsn’
greement on the exact extent to which cellulose 15 utilized 1n the anmmal
Twenty five per cent of ingested cellulose 1s considered to be utihizable
by herbivera m contrast with less than 5 per cent by dogs and an msigmft
cant amount by man ¢

The importance of bacteria and Protozon i the breakdown of cellulose
and pentosans 1n the rumen of cattle and sheep has been considered 1m

any studies However comparatnvely few studies have been specifieally
designed to demonstrate the mmportance of the cecum of rabbits 42¢ Many
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tease nereace only 25 per cent or less 7° Phage Iy<1s of E colt actiates
PNAa etodegrade the endogenous RNA to dialyzable fragments %37

Bactenal actnaty 1s correlated with the pre ence of Iymphoid nodules m
the mtestme Peyer s patches are more nurerous in the 1leum than in the
Jejunum and duodenum in man and mo ¢t mammals The dictal (storage)
colon has sohtarv follicles but no sggregates Perhaps this 1s a reason that
most of the enormous number of bacteria, which compose about one third
of the <olid material of feces nman  have died 1n the unfay orable environ
ment encountered 1n the distal colon 37

Histone Synthesis wn the Intestine

Large Iy mphocytes m the germinal folltcles 1n intestinal Iymphord tis-ue
com ert ammo acids into histones prior to and dunng the process of mito<is
Dietary amino acids are usually considered to be ¢armed by the blood to
all tissues 2° However, the amino actds which pass through the lympho-
epithelum and some which pass through the mueosa of the intestinal
villi are directly available for use 1in the synthe.ts of histones by large
Iymphocytes resident in the germmal centers of mtestinal Ivmphoid t1 sues
Synthe 1s of nucleoproteins m Jarge lymphocyte~ and 1 the cytoplasm of
forming pla macytes m the core of Villt incorporates sxgnificant quantitres
of aminpo aei1ds directly from the Iumen of the intestine without their hav
mgpa ed mto the blood stream

The direct retention of amino acids becomes apparent when one con
siders that Iymphoid t1 sue lymphoeytes and plasmacytes m the core of
1te tinal villi are competing with the portal capillanies for the ammo
acids which pass through the mtestinal eprthehum Protem svnthesis in
large lymphocytes occurs primarly 1 the germinal centers of the lymphoid
<tructures and in the core of v1ll: and repre<ents an meorporation of amno
seids into histones which are hinhed with the D\ A 1n the nucleus

“Many mall lymphocytes leave the mtestinal Iymphoid tissue by veins
and lymphatics Those entermng lytophatics may be stored for a longer pe-
niod m the pancreas A<ell or other me<enteric Iymph nodes where come
may transform nto pla macytes Thus those entering the portal venous
system may pass into the systemic circulation a hittle ooner than tho ¢
taking the Iymphatic route Small lymphocytes are normally pre-ent 10
all ctreulatory furd« and large nutnbers dismtegrate 1n blood Iymph and
tt sue fld Mo t cells produced by the mito«s of large Iymphocytes are
emall Jymphoeytes which do not divide and consequently do not utihze
the ¢ amuno acids for their own proliferation

The presence of histones 1n chromo omes from nucle of Iymphocytes has
been determined by the 1 olation of nucler (which myolved prolonged ex
po ure) 1z a Warnng mixer or a collond mill This procedure 3 1elded chroma
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from urea 1n the rumen of cattle 2 It has been shown that protems of bac
terta and Protozoa from the rumen of cattle have brological values of §0
to 81 and that these protems have percentage values of true digestabihity
of 74 (bacteria) to 91 (Protozoa) ® * Nucleic acids in bacteria represent
about 15 per cent of the dry weight 2 3 Voit1952 belies es that the nuclear
material from 12 species of bacteria v as thy monuclere acrd (DNA) Schaf
fer and co workers (1922) extracted a substance from dehy drated bactena
which was considered to be a nucleic acid 3 Vendereley (1946) states that
1n one stram of Bacterium aertryche 10 64 per cent of the dry weight was
nucleie aexd of which 7 0 per cent was RNA and 3 64 per cent DNA ™%

The amount of RNA, hownever, vanes with the growth phase, and the
ratios of RNA to DNA vary m different strains and spectes ! 1 Sy nthests of
DNA and RNA 1 bacteria 1s variously altered by factors such as the T
phage, exposure to mustard gas* ® or x rays 8- RNA 1n bactera 1s a source
of this nucleie acid for the sy nthesis of bacterial proteins within bactera
The nucleotide content of bacteria m aged cultures 1s low, and 1ncreaces
when the bactena are transferred to new cultures 8

The significance of ruminal and cecal bacteria as a source of mfrogen 15
controverstal Cuthbertcon and Phillipson ** review the hterature and con
clude that there 15 no doubt that some rummal bacteria disintegrate and
release ammo acids but that some organiems do not di 1ntegrate Digestion
of rummal Protozoa oceurs 1n the ab 1 or fourth st h of
rummants

Bactenal proliferation in the cccum of rabbits may be related to the high
DNA and histone content of the appendix 1n at least four ways (1) By
arding 1n the formation of B vitamins, some of which function as compo
nents of DNA, (2) by hy droly zing eellulose to glucurome acid or to one,
two or three carbon compounds that can be utihzed 1 the synthesis of
glucose d ribose of d deoxyriboce (3) by dimntegrating and supplyng
DNA and RNA or thetr components, or (4) by furnishing enzy mes or ¢0
enzymes for the synthesis of nucleic acids The cecum and appendix of rab
bits could have sex eral functions in mereasing the amount of available pro
tein from bacteria because goblet cells, which produce mucm are mo ¢
abundant 1 these structures Mucus m the large intestime 1s beheved to
destroy bactena m this part of the mtestine in man 89 80 The contact of
the great numbers of bactena in the fla k shaped mucous glands i the rab
bit s appendix over a comparatsvely longer period of time than would oc¢
cur 1n the intestines of most animals might be very important Ths reten
tion of bacteria in the cecum and appendix could also facilitate the
destruction of bacteria by phages For example 1nfection of Escherichia
coly with T2r+, T2r and T3 increases the activity of deoxyribonuclez ¢
(DNAase) from 40 to 100 per cent, but nibonuclease (RNAase) and pro
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tease increase only 25 per cent or less 77 Phage lysis of £ colt activates
RNAase to degrade the endogenous RNA to dialyzable fragments 37

Bacterial activity 1s correlated with the presence of lymphoid nodules i
the intestine Peyer s patches arc more numerous 1n the sleum than m the
jeyunum and duodenum 1n man and most mammals The distal (storage)
colon has solitary follicles but no aggregates Perhaps this 1s a reason that
most of the enormous number of bacteria, which compose about one third
of the sohd material of fecesin man  have dred m the unfavorable environ
ment encountered 1n the distal eolon ™ ©

Hustone Synthesis wn the Intestine

Large 1y mphocytes i the germinal follicles m ntestinal Iy mphod tissue
convert amino acids into histones prior to and during the process of mitosis
Dietary amino acids are usually considered to be carrted by the blood to
all tissues 1 However, the amino acids which pass through the lympho
epithelilum, and some which pass through the mucosa of the intestinal
villi sre directly available for use in the synthesis of histones by large
Iymphocy tes resident 1n the germinal centers of ntestinal lymphoid tissues
Synthess of nucleoproteins 1n large lymphocytes and 1 the cytopla.m of
forming plasmacytes m the core of villi incorporates significant quantities
of amno acids drectly from the lumen of the intestine without their hav
mg pas ed 1nto the blood stream

The direct retention of ammo acids becomes apparent when one con
siders that lymphoid tissue lymphoeytes and plasmacy tes i the core of
satestinal villy are competing with the portal eapillanies for the amino
acids which pass through the mtestinal epithelum Protem synthesis m
large Iymphocytes occurs primarily i the germinal centers of the 1y mphard
structures and 1n the core of villy, and represents an neorporatien of ammo
acids imto histones which are limked with the DNA 1 the nucleus

Many small lymphocytes leave the mtestinal lymphoid tissue by vemns
and lymphatics Those entering 1y mphatics may be stored for & longer pe
r1od 1n the pancreas A.elh or other mesenteric lymph nodes, where some
may transform into plasmacytes Thus those entering the portal venous
system may pass into the systemic circulation a little sooner than those
taking the lymphatic route Small lymphocytes are normally present m
all exrculatory flurds and large numbers disintegrate 1n blood Iymph and
tissue flid Most cells produced by the mitosis of large lymphoeytes are
small lymphocy tes which do not divide and consequently do not utilize
the ¢ amino acids for their own prohiferation

The presence of histones in chromosomes from nucle1 of Iymphocy tes has
been determined by the 1olation of nuclex (which mnvolved prolonged ex
Posure) 1n 2 Waring mixer or a colloid mill Thas procedure yrelded chroma
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tin n the form of 2 “tightly pached sediment” by differential centnifuga
tion 1 a molar solution of sodium chloride The tightly packed sediment
was composed of coiled threads (resdual chromosomes of Mirsky and
Ris) ° wlneh represented 8 to 10 per cent of the mass and 4 per cent of the
total nucleic acid content (clnefly RNA) of the onginal chromosomes, and
were made up of “thicker, tightly cotled heterochromatic sections and more
loosely colled euchromatic regions’  The opaleseent and ghly vascous
<upernatant flud “w as found to be rich mn nucleohistone, which constituted
90 to 92 per cent of the mass of the chromosomes ” When thus supernatant
fluid was diluted with 6 volumes of water, a fibrous precipitate “contaming
15 per cent DNA and 55 per cent histone” was formed  Most of the es
sential amino acids are present 1n the histones m nucler of 1ymphocytes
Thereby, the synthesis of In tones 1n intestinal lymphoid tissues stores
ammno acids m an inactiy e form 1 small 1y mphocytes for latcr use by other
cells

Hastone sy nthesss 1n the cecum and vermiform appendix of rabbits prob
ably contnbutes to the abihity of rabbits to live and reproduce on a lon
protein diet The rabbit appendix 1s actually much larger than the human
appendix. When compared with total body sizes, the rabbit appendix 18
approumately 60 times as large as the human appendix The appendix of
rabbits 1s composed chuefly of small Iymphocytes Lymphod tissues i the
intestine are immediate sources of stored DNA as well as histone

Most tissues other than the lymphoid tissues store protem primanly for
their ownuse Pluger (1903) considered that the liver stored protem as well
as glycogen and fat % Berg (1914) described ‘protemn storage granules”
1n the cytoplasm of hepatic cells (the so called ‘protein storage granules of
Berg ) which hosterlitz and Camphell (1947) believe are RNA %% Protein
storage by the liver was further stressed by Luck (1936) who observed an
increase of 50 to 60 per cent m globulin, euglobulin pseudoglobuln and
alburmn n the hiver of rats maintamed on a high protein diet %2

Disintegration of small lymphocey tes 1n the mntestmal 1ymphoid tissues
and mucosa spleen and other portal organs provides histones which can
be hvdralvzed to furnish most of the amino actds for the use of hepatac cells
Human fibrinogen does not contain any amino acd which 1s not present
in thymus histone but thymus histone contains lysine 1soleucine and val
ine which are not usually reported to be present in fibrinogen **7 Fibnn
however, contamns Iy sme and phenylalanine in addition to all of the amimo
acds mn fibrinogen ¢

Pheny lalanne an essential amino acid, does not oceur m thymus histone
accordmng to Harros *°7 However the presence of tyroune partly compen
ates for 1ts absence The immed:ate source of tyroune for endocrine secre
tion probably » ould be provided from the plasma proteins in blood lymph
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and tissue fluids Epinephrine 15 synthesized from tyroune by the steps of
deearboxylation nhich produce tyramime, folloned by the ouidation of
tyramine to produce arteranol and the methylation of arteranol 198 Todi
nation of t3rosme results w the formaton of 3,5 dirodotyrosmne 1% Thig
15 followed by the ovidative condensation of molecules and, thereby, the
formatron of thyroxin 18 In sddition tyrosine comprises 127 per cent
of the total anuno aexds 1u msulin and 10 4 per cent in pepsin *97 Thymus
istone should not be conmidered a divect source of tyrosine but s presence
m thymus histone 15 smportant as an mactive yeserve and 8s an mdircet
source Disintegration of Iy mphocy tes 1s also a potential source of tyrosme
for plasma protens such as fibrnogen, which contasns 5 8 per cent tyrosine
gawmma globulin, 6 8 per cent. or serum albumin 5 3 per cent
Lysine metabohism differs from that of other amine acids Lysme (117
per cent) and argmne (129 per cent) are the most abundant anuao ads
i thy rous histone with leucine (7 4 per cent} next 4t The concentration
and storage of lysme m thymus histone 13 ssgmificant because ly«ine 15 the
only amino acad which 1s not v olved m reversible mtrogen shifts Ly sme
15 the only mdispensable amino acid which can not be replaced sinee 1t 15
tmable 1o obtan mitrogen from any other ammno amd % 103 The percentage
of Iysine 1 plasma proteins varies Human serum albumin eontains almost
33 hugh a percentage (104) of lysme as oceurs in thymus hitone (117)
Hovwever human gamma globubin contams only 67 per cent and human
Bbnnogen does not contamn lystne Human fibrin honever contams 88
per cerd lysme*? and 60 per cent phenylalamne which are tno ammo
aeids present m fibnn but absent m fibrinogen ¥
Argmime 1 histones within the nucler of wmtact smwall hymphoc) tes 1s
stored and protected agamnst the action of hepatic srginase™™* into urea
Thymus lustone contauns alrost twice the percentage of argimine present
i several plasma protems or m beef muscle Human fibrmogen contams
79 per cent human serum atbumin 60 human gamma globubn 48 and
beef muscle only 72 compared with the 129 per cent m thy mus histone 407
The tugh percentage of arginme in thymus nucleolistone suggests a posst
bility that histones in lymphocy tes may serve as a storage and transport
able source of argmme for histores or protamines m other cells as well as
a source for 53 nthees of ereatine
The absenee of <ome amino acids m thy mus hustone may be just as g
nificant m the metabohsm of Jy mphioey tes as 15 the presence of other ammo
ands Cystene glutamie acid and glyeme are usually not mentioned as
bamg present in thy mus lu tone #* Howesver the formation of pyruvie aed
from several of the vmine acds and the synthenis of amme acids from ny
s e and provide a ey cle by which histone m the nucler of small Iy mpho
ytescanbea ource of non essential amino avids The amine acids m thy
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mus histone which may be deammated to form pyruvic seid, melude serne
possibly leucme, valine and threonme #12 19%¢ Pyruvie acid from these
amino acids can be incorporated i the synthesis of other amino acids, or
they may be deaminated to form glucose 1°%¢ The incorporation of the amino
acids 1 histones, therefore, represents a potential source of glucose and
glycogen as well as a source of pyruvic aeid for numerous and vaned re
versible reactions, such as those in lactic acid reactrons 1 the eitric acd
cyele, 1n the processes of the formation of acetic acid and active acetate, 1!
and even mn the metabohism of adenosine triphosphate (ATP) through
oxidations by the tricarboxylic cycle 193¢

APPENDIX OF MAN AND RABBIT

‘The occurrence of a true vermiform appendix (appendix caeet, appendix
vermeulans caeca) 18 farrly delimited in phylogenetic distribution Unfor
tunately, the use of the term 1s not well dehmited Some 1nvestigators fail
to dufferentiate betw een the cecum and its vermiform process in mammals
Some wniters even use the term “appendix,” or “cecal appendage,” syn
onomously with the term “cecum ” One author reports that the “appendi’
of the dog was studied 85 Stohr depicts typical early (2V% and 5 days after
birth) stages of appendical nodules 1n the rabbit which are captioned “sec
tions through the wall of the caccum * 27 Oppel’s™® and Wiederscheim's!”
statements that some of the rodents have a vermiform appendx were made
before taxonomists had agreed that rabbits and their relatives are no longer
duphaident rodents but belong to an mmdependent order, Lagomorpha It 18
not so easy to explamn why investigators have referred to lymphoid tresue
m the appendix of the gumea pig ®! and stated that “appendicitis without
the mfection” can be produced 1n dogs #*

In all probability, no representative of the orders Rodentia or Carnivora
has a vermiform cecal appendix whereas at least in North Amenca, all
members of the order Lagomorpha (rabbits hares and mkas) are charac
terized by the presence of a true, well developed Iymphoid, vermtform ap
pendrx Other forms meluding man which have a vermiform appendix p
parently all belong to the Anthropoidea 70 70

The appendix of both man and rabbit secretes a considerable amount of
fuid The catheterized normal human appendrx secretes at least 1 to 2 ml
of flud dauly 197 As much as 20 m! of flud may be collected from the rab
bit 5 appendix m 6 hours The fluid from the rabbit s appendix was dis
tinctly alkaline (pH 72 to 8 68) and contained erepsin sucrase and mal
tase 197 The appendical fluid 1n man 1s thick and yellowish and contains
degenerated cells, mucin and bacteria ® © Antiboties mjected into the lu
he rabbit s appendix did not affect the rate of secretion or the

men of t
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“quality of fluid secreted ’ 1971 It 1s mteresting to note that a low meidence
of appendicitis 1s considered to occur among uncivihized natives who sub

sist on a high cellulose diet and that the meidence mnereases when these
people adopt a dret common to civihzed people #0

Appendiz of Man

The vermiform appendix of man differs somewhat in structure and fune
tion from that of the rabbit The human appendix 1s about 3 5 m long,*5°
but this varies 335 Tt, has a small lumen which commonly becomes occluded
with detritus by middle age 335 207 The human appendix has a thickened
Tucosa, a dense, fibrous submucosa and a more or less confluent rather
dense array of solitary lymph nodules 49 We ¢ have observed, and Max
mow and Bloom®*® have reported, that these nodules resemble those 1n the
human tonsil rather than tho e of other intestinal lymphoid structures and
that there 15 a rich supply of erypts of Lieberhuhn which are partly em
bedded 1n the mternodular lymphod t1 sue

An individual appendical nodule 1 the adult human appendix 18 sphe
rordal in form 493 Some of the nodules are surmounted on the lummal side
by asmall area of lummal hel dified to form a lymph hel
Inthe adult rabbit’s appendix the mdividual nodule 18 an elongated, conoid
strueture 3 to 4 mm m height 20 The lymphoepitheltal apex of the nodule
forms the bottom of a flash shaped mueous gland, which 1s confluent with
the lumen of the appendix by a small onfice

The appendix and cecum of the human fetus mamtam an equal errcum
ference until the 5th month wn utero when the appendix ceases to grow
However, the cecum keeps pace with the colon At the cessation of growth
the wall of the appendix becomes nfiltrated with large numbers of lym
Phocytes’ 495 The lymphoid tissue 1s poorly developed m the appendix of
newborn nfants 28 Nagoya (1913) noted that in the human infant the
Iymph nodules in the appendix were almost completels developed by the
2nd month after birth 1972

‘The human appendix has much less lymphoid tissue than that of the rab
bit The Iy mphod tissue 1 the human appendax 18 charactenstically lo
talized 1n spheroidal nodules surrounded on all sides by a very dense, fi
brous connective tissue Any direct connection of these nodules with the
Iumen of the human dix 1s by a Iy mph thellum similar to that m
the crypts of the tonsil Another seldom deseribed difference between the
human and lagomorph appendix 1s that little digested matertal (especially
amno acids and nueleic acids) can pass drrectly from the lumen of the hu
man appendix into the lymphoid nodules A rather massive fibrocollagenous
barrier surrounds most of the mdividual nodules m the human appendic
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This barner blocks direct absorption from the appendical lumen The
architecture of the human appendix does not justify elassing 1t with the
intestinal lymphord tissues

The human appendix does not have flash shaped mucous glands which
are characteristic of the rabbit appendic If the function of the rabbit ap
pendicis related to the activities that oceur i the long ceeum, 1t 15 easy to
visualize that the human appendix 1s a vestigial organ because the cecum of
man has a very himmted capacity and, consequently, does not adequately
provide for storage and bactenal decomposition of cellulose or for adequate
absorption of the products of intestinal biosynthests Oppel™® <hows that
all forms bel to the suborder Anthropodea from the gibbons to man
have a ceeal appendix He states that Flower (1872) gives the approumate
length of the vermiform appendix of gibbons (hy lobates) as about ‘3 Zoll
(90 cm), of the chimpanzee, 15 0 ¢m, and of the gonlla, 25 5 cm However,
Muthmann™ states that the cecum terminates i a conoidal tip in the Rhe
sus monhey

Probably due to its dense fibrocollagenous submucosa and the more
seattered arrangement of its Iymph nodules, excised human appendices
were not ruptured by 1nternal pressures up to 2400 em of water, but rabbit
appendices ruptured when the pressure reached 120 to 150 cm of water 101

The structural and phy siological relations of the normal human appen
dix are obscured by the fact that some investigators believe that 1t 1s 8
vestigial organ which serves no useful purpose! A comparative study of
natives of French equatonial Africa was mterpreted to mdicate that the
appendix1s i the process of evolution rather than bemg a vestigal organ ™
The lumen commonly becomes occluded or obliterated, and the structure
atrophies before the age of 50 1n about half of the people,33% 107 or 18 ev
tirpated before muddle age 15 reached Thus, until recently, the very old
statement that the functions of the human appendix vermiformis are un
known 2 has sufficed Indeed the elinical implieations nspired & surgeon
to cautton that the presence of the appendix 1n a manis a sword of Damo
cles hanging over his head 19 1 Smee the appendix of the fetal?® 7! and
newborn 1nfant?3 anses from the apex of an accummately eonoid cecum
1t may be surmrsed that the appendix of early man was, essentially, a func
tional organ as 1t 18 1 the lagomorphs However, the appendicocceal unton
1n the orangutan has far more sumlanty to that of the adult than to that
of the newborn of man 730 741

The pre<ence at the orifice of the appendix of one or more ty pes of mu
cocal folds (Gerlachs valves or Nannigas folds) 1n about 80 per cent
(81 5 per cent of 526) of the people has been known since 1847 1ot but the
significance of these valve hike folds remains hitle understood However
A nngcmtcen'"" suggests that the function of these mucosal folds 1n man
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15 probably to prevent intestinal contents from entering the appendical Iu
men

Appendix of Rabbit

The appendrx of the rabbit 1s of generous size, and remains patent and
functional throughout the hife of the individual It 18 composed chiefly of a
dense, specialized mtestinal type of Iymphoid tissue © The appendix re
acts to various sy stemte stimul such as ;namtion or starvation® 1 4 and
the admimstration of arsenicals ° or benzene,s' as do the other Iy mphod
tissues In addition to 1ts significant lymphocytoporetic function 1t 1s an
mportant structure for the promotion of biosy nthetic actrvities of the n
testinal flora and for the absorption of the products of mtestinal biosynthe

3

Intestmal lymphoid specialization 1s greater n the appendix of Iago
morphs than 1n any structure in other common laboratory mammals Most
of the norh on the istology of the rabbit appendix has been pnmanty
concerned with the structure of the lymphord tissue? 43¢ 583 1038 The
lymphord nodule and its as<ociated flash shaped mucous gland form an i~
terdependent structural and funetional umt © 1 rabbits (snowshoe white
and black tailed acks, several domestic and a species of western cotton
tarl) The cecum of 159 preseryed adult rabbits, chiefly New Zealand white,
averaged 16 5 1n ? and the length of the appendix ranged from ¢ to 5m
The wall of the rabbit appendix 1s very thickh due to the mcreased thich
ness of the muco<a and the very large and long nodules The wall 15 com
posed chrefly of conzesl lymphoid nodules each surmounted by the charac
tenstic flask <haped mucous gland which hes withm the thick mucosa "%
The tunica mueculans of the rabbit s appendix 15 &5 thin, or thinner than
1615 1 the cecum but 1t maintams peristaltic moyement mn anesthetized
rabbits 61

"The relative size of the Vew Zealand white rabbit s appendix i terms of
body weight may be expresced by the term 60 times as lirge as the human
appendre The appendix of the rabbit was 1 to 15 m longer and 1ts max
mal diameter was nearly 4 times that of the appendis of a normal 20 year
old man The wall of the ficed rabbit appendix 15 as thick as the human
aprendr and eontams much more lymphoid tissue s hereas the lymphosd
tissue of the human appendix 1s imited to single more or less independent
to confluent nodules  hich are embedded m dense fibrocoll connec
e trssue

The Iymphotd nodules 1n the appendix of lngomorphs as 1llustrated 1n
domestic hares © cotton tail and snowshoe rabbits blach and white taded
sack rabbits and pikas area specialized ty pe of mtestinal lymphoid tissue
The lymphoeptbelium 53 m direct contact with the lumen of the appendix
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Thus barrter blocks direct absorption from the appendical lumen The
archifecture of the human appendix does not justify classing 1t with the
mtestinal lymphoid tissues

The human appendix does not have flask shaped mucous glands which
are charactenstic of the rabbit appendix If the function of the rabbit ap
pendix s related to the activities that occur m the long cecum, 1t 15 easy to
visualize that the human appendix 15 a vestigial organ because the cecurn of
man has a very hmited capacity and, consequently, does not adequately
provide for storage and bacterial decompo«ition of cellulose or for adequate
absorption of the products of intestinal brosynthesis Oppel 3 <hows that
all forms belonging to the suborder Anthropoidea from the gibbons to man
have a cecal appendix He states that Flower (1872) gives the approumate
length of the vermiform appendix of gibbons (hylobates) as about “3 Zoll
(90cm) of the chimpanzee, 15 0 cm, and of the gorilla, 25 5 cm However
Muthmann? states that the cecum terminates 1n a conoidal tip in the Rhe
sus monhey

Probably due to 1ts dense fibrocollagenous submucosa and the more
seattered arrangement of its lymph nodules, excised human appendices
were not ruptured by 1nternal pressures up to 2400 ¢m of water, but rabbit
appendices ruptured w hen the pressure reached 120 to 150 cm of water 1%

The structural and physiological relations of the normal human appen
dix are obscured by the fact that some mvestigators believe that 1t 18 8
vestigial organ which serves no useful purpose! A comparative study of
natives of French equatorial Africa was interpreted to indicate that the
appendixis i the process of evolution rather than being a vestigial organ ™
The lumen commonly becomes occluded or obhiterated, and the structure
atrophtes before the age of 50 1n about half of the people,®33 1972 or 13 ¥
tirpated before middle age 1s reached Thus until recently the very old
statement that the functions of the human appendrx verrmformis are un
known % has sufficed Indeed the climeal imphcations mspired a surgeon
to caution that the presence of the appendix m a man 1s a ‘ sword of Damo
cles ' hanging over his head 97! Simce the appendix of the fetal?® ! and
newborn 1nfant®3* anses from the apex of an accumnately conord cecum
1t may be surmsed that the appendix of early man was essentally a func
tional organ as 1t 28 1n the lagemorphs However the appendicocecal union
1 the orangutan has far more <umilarity to that of the adult than to that
of the nenborn of man 7 741

The presence at the orifice of the appendix of one or more ty pes of mu
cosal folds (Gerlachs valves or Nanuiga's folds) 1n about 80 per cent
(81 5 per cent of 526) of the people has been known smee 1847 107! but the
signifieance of these valve like folds remans little understood However
W nngenstccn”" suggests that the function of these mucosal folds 1n man
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as do other lymphord tissues Thus, starvation or severe manition depletes
all intestnal and other lymphoid tissues about equally @ 251 4% However
the thymus 15 the most sensitaive of all lymphoid tissues Arsemeals,?® ben
zene 514 total body irradiations, ® urethane, mtrogen mustards and corty
sone ¢ deplete lymphotd tissue throughout the intestinal mucosa These
agents did not have a selective action on any one form of lymphoid strue
ture such as sohitary follicles or peripheral nodes, or on lymphad tissue
any one area such as that 1n the ileum Effects of such agents upon the
lymphord tassue are sy stemic rather than direct Therefore they have about
the same effect on lymphoid tissue m the appendr¢ as on other lymphoid
tissues
Strong penstaltic waves pass nlong the appendix of rabbits under Dial
(Ciba) anesthesia As a rule, we found very httle residue of food m the
lumen of the appendix and, relatively, much less or none 1n the flask shaped
mucous glands ° 51 These flask shaped glands appear to have no obvious
provision for filling and emptying themselves, but the pumpimng action of
penistalsis could easily fill and empty them by alternately distending and
compressing them Observations on the hving appendix of the rabbit sug
gest that appendical penstalsis causes the flash shaped glands to operate
by suction to change the flow of material The flow of flizd 1nto the flash.
shaped glands increases the diameter of the lumen of these glands dunng
the period between contractions of the appendix When the central lumen
of the appendix 1s distended, the wall of lymphoid tissue becomes thinner
As this process oceurs, the ostia and lumen of the flask shaped glands are
opened The central appendical lumen 1s smaller during peristaltic contrac
tion, this decrease causes the wall to become thicker and the lumen of the
flask shaped glands to constriet By this process material from the flash
shaped gland 1s forced mto the lumen of the appendix At the same time
material in the terminal end of the central lumen may be moved toward the
cecum Apparently there 1s no mechanism in the rabbit s appendiy com
parable to Gerlach’s mucosal fold 1n the human appendix However the
spiral valve of the cecum probably acts asa kmetle and valvular strueture
1 controliing the entrance and egress of At
tomy we have ob.erved rabbit appendices that were virtually empty and
others that were nearly filled with cecal contents
Wangensteen'®™ points out the possibility that piworms may cause
appendicitis in man Ceci] and Bulkley believe that pinworms are responst
ble for an appreciable percentage of (ases® 5 Ackerman! and Bell ® state
that pinworms occur as frequently 1n normal as 1n pathological appendices
and that appendieitis 15 not caused by the presence of these worms mn the
human appendix We have never seen any indication of mflammation m
nppcndxccs “hlch conlamcd pln\vorms 10 hundreds of embalmed rabbits
d 1n the y P was paid to a number of
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because 1t forms the bottom of the flash shaped mucous glands These mu
cous glands are blindly ending extensions of the central lumen of the ap-
pendix Substances may pass from the lumen of the rabbit’s appendix di
rectly to the mtestmal lymphoid tissue i the wall of the appendix by three
routes (1) via Iymphatics that anse as capillanes m the rchly glandular
interostial mucosa (betw een ostia of flack shaped mucous glands and erypts
of Licberkiihn) and empty 1nto a permodal sinus, (2) via lymphatics that
arise as capillaries in, or perforate (as intercellular canaheuh) the Iympho
epithehium and empty 1nto a large pennodal sinus, and (3} by merely pass
g through the lymphoepithelum or out of the lymphatic caprllares mto
the intercellular flud withmn the nodule 2 This lymphatic spectalization
assures a con<tant, nearly inexhaustable supply of lymph which 13 di
rectly available to the extracellular luid 1n the masstve Iymphoid nodules
1n the rabbit’s appendix

The mucosa of the appendix of the rabbit 1s well supplied by an elaborate
commodious Iymphatic dramnage system The appendical lumen, flask
shaped mucous glands, erypts of Lieberkiihn, the infervening mucosa and
the apical, or most active half, of the conoid nodules are dramed by the
dense arborization of fine tributartes of the wide permodular collechng <
nuses In turn, the sinuses empty into the large appendical Iy mphatic 1n
the mecoappendix2® This lymphatie extends along the appendix as the
cecal lymphatic It recerves tnibutaries from the cecum and eventually
empties 1nto the pancreas Aselli From thece mesenteric nodes, the lymph
passes into the ¢y sterna chy It

The available hterature on the detelopment of lymph nodules 1n the
rabbit’s appendix shows wide variation Stohr depiets a well defined, conoid
lymph nodule from a rabbit 2 § day s after birth and an adult type nodule
from the appendix of 2 § day old rabbit 3% Latta®s® found no mdication of
nodule formation n new born or earlicr stages* He found only free cells
beginning to be mas ed in the location of future nodules ' 1n 2 to3 day old

oun;

y In%etal rabbits 19 days after mating the mother, © 1y mph nodules and
flask-shaped mucous glands were defimtely delimited mn connection with
abortive villi near the tip of the appendix These nodes and glands were
well outlned as aggregates of lymphacy tes at the ba e of an epithehal
tined caxty which was destined to become the lumen of a fla haped mu
cous gland It was evident that the nodule and the fla L shaped gland de
veloped concurrently mn the base of an abortive willus In 7 day old young
these nodules resembled tho e of adults 1n general appearance Ineiden
tally, the appendical 31l had almost disappeared by the end of the 2nd

week at which time the nodules were «imilar 1n form to those i an adult

rabbit ¢ )
The rabbit appendix reacts to vanous £y stemic condtions and <timu
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to the normal levcl a few days after appendectomy Varrations in the dura
tion of Iy taphopent were aseribed to differences 1n the ability of the re
mainmg tissue to compensate for the loss of the appendix Age, breed or sex
were not the eauses for compensatory differences, because htter mates of the
same sex differed as much i this regard as unrelsted ammals

Hypertrophy of Iymphaid ta ue following appendectomy affected only
the sacculus rotundus, the tonsill2 1leocecalis major and the Pey er s patches
Appendectomy did not cause sigmficant changes m the lymphord tissue 1n
the lymph nodes, pancreas Ascll, spleen or thymus The sunple hyper
trophy of the sacculus rotundus and tonsilla ileocecalis major resulted m an
ncrease of one fourth to one third m rabbits that had been appendecto
mized 2 months previously The nodules of the tonsila 1leocecalis major
varied considerably in size In some of the appendectomized rabbits, these
lymph nodes were much enlarged, whereas 1 others they were smaller but
therr capsules were unusually very thick as compared with tho e of the
enlarged nodes Thus, subsequent to appendectomy, hypertrophy rather
than hyperplasta3 ? 3 gccurred Peyer’s patehes and the tonsilla rleoceealis
minor were the least affected of the hypertrophied lymphoid tissues i the
appendectomized animils The number of Peyer s patches in the 1leum did
not change duning the penod of 2 weehs to 2 months after the operation
The number of patches show ed no relattonship to sex breed or expersmental
conditions as compared with the number 1n 3 controls and the number ob
tamed from examinming the mtestines of 14 mule and 6 fermale embalmed
anmimals The hy perplasta of Iy mphod tissue 1 the sacculus rotundus and
the first (from the 1leocecal valve) Peyers pateh represents only a very
slight, replacement of the 1y mphoey topente and <torage functions of the
appendix

Nutritional deficiencies 82 and hunger must slso be earefully considered
m evaluating these observations Under adver e conditrons the appendix
af the sabbit decres ¢ more rapidly m weight and eize than the lymph
nodes or other tissues of the body 17° except the thy mus Inamtion also de
creased the number and mitotic activity of }ymphocy tes wn the remaining
tymphoid tresue m the dog 7! The hypertrophy of the sacculus rotundus
and Peyer s patches m appendcetomized rabbits indicates an mereasce m
avallability and concentration of nucleoprotetns and, or their components

Ypertrophy of the sacculus rotundus tonsitla ileocecalis major and manor
after appendectoroy suggests that one function of this lymphoid tissue 15 to
asstrulate substances w hich become concentrated in the distal 1leum while
the teocecal valve 1s temporarly closed as fecal matenal 1s bemg passed
from the cecum into the colon The shight by pertrophy of the first Peyer s
Pbatch from the ileocecal vals ¢ indieates that there may be regurgitation
§rom the cecum nto the proximal end of the leurmn
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expermmental amimals We did not see erther macroscopie or micro copie
mndieatrons of appendicitis or even iftammation m 22 New Zealand rab
bis which had numerous pinworms in the appendix

APPENDECTOMY IN RABBITS

The appendix of the rabbit has advantages oy er other mtestinal Iy mphord
structures for studics on the function of mtestinal lymphoid tissue™* and,
also over most lymph nodes and the spleen 23 514 In the first place, ap
pendectomy m the rabbit does not significantly disturk blaod volume, be
cause 1t 1s & termmal structure, nor does 1t eause any degree of Iy mph stasis
which usually follows the removal of lymph nodes Furthermore, removal
of the appendix of rabbats remos es about one third, by weight, of all the
constant Iymphoid structures, mncluding the spleen, thy mus and 22 parred
lymph nodes 05 314

Appendectomies were performed on rabbits in order to evaluate the fune
tion of the vermiform appendix as a lymphaid organ 5 Peripheral lym
phopenta was the only sigmficant effect observed i the appendectomized
rabbits This result mdicates that one function of the rabbit appendix 15 to
produce small [ymphocy tes and to release these cells into the blood tream
Removal of the appendix did not interfere with nesymlation and growth
as indicated by the mnsignificant changes in the weights of adult rabbits
followng appendectomy The ly mphoy accurred 1n every rabbit after
appendectomy, and was detected within 4 hours after removal of the organ
and often persisted i diminiching severity up to 3 wechs Anesthesia pro
duced no significant change i the number of blood 1y mphocy tes during this
pertod as compared with the count of the previousday However appendec
tomy decreased the ]y mphocy tes mn the blood stream within 4 hours to le s
than 50 per cent of the normal number The suddenness of the Iymphopema
indicates a rapid turnover of Iymphoeytes and that the appendix 1s a res
ervorr for errculating Iy mphocy tes This decrease 1n blood Iy mphocy tes fol
10w ng Iy mphotd ablaton agrecs with the findings of other investigators ® ¢
893 partreularhy with the decrease 1n lymphocy tes 1n the rabbit following
extensn e lymphoid ablations such as removal of the entire ntestine 8 or
of the sacculus and pancreas Aselly 892

A dectomy did not ly change the total leukocyte or eryth
roc;te value In I rabbit, the postoperative total white counts were the
same as the preoperative counts n 3, the postoperative counts were sig
ifirantly igher and in the remamning 4 considerably lower The number
of erythrocytes, Jihewase did not reflect any «gnifieant trend after the
Opt;?en::mbcr of lymphocy tes following appendectomy remamed at a sub
normal level for the indivrdual for a pertod of about 4 weeks m 3 r\bbx;sj
In 3 other rabbuts the lymphopena was temperary and suddenly return:
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Lymphocs tes become “most abundant after mflammation has lasted sev
eral days ’ and may remam for some tume after the lesion apparently
has healed %33 Some of these lymphocy tes transform mto plasmacy tes *33
The lymphocy tes and plasmacytes hav ¢ the function of storing and supply
1ng nuelere acids, adenosme triphosphate (ATF), histones, certain enzymes
and other protems and certain munerals for use by the proliferating cells
m the bealing or last stage, of the subchrome or ¢hronie inflammatory
process Eostnophils may be pre ent i the blood, and bath eosinophils
and mast cells usually are present m the &1 sues of the mflamed or ad
Jacent area

Mast cells may function dirgetly and mdireetly m wound healtng The
granules of mast cells may release histanune and serotonin®* to produce
hyperemia and mcrease capiilary permeability—a process which mereases
protems enzymes, and other cub~tances 1n the area of wound healng
Cramer 8 records frequently scewny, ‘accumulations of mast cells m
the nerghborhood of areas of massive epitheha]l hyperplasia’ The sig
nificant relation of mast cells to hyperplasta and wound healing would
probably be by mereasing captllary permeability rather than by bemng a
source of collagen It has been pomnted out that chemreal and lsto
chemreal obseryations trate on a Iy cacchande which ap
pears to be important 1 bone healing’ and that ‘mast cells may be the
means by whieh the acid mucopolysacchande 1s concentrated %% How
ever, the number and distribution of mast cells 1 granulation ¢y sts pro
duced by turpentme indicate that mast cells are not numerous enough to
be an xmportant source of acid mucopolysaccharides (AMP) Therr di
tribution does ;dacate that they might be indireetly sigmficant for coliagen
formation by increasimg capillary permeability

The polymorphonuclear leukocytes are the first of the mfltrating

cells to armve at 2 site of inflammation %3 Neutrophils are especinlly at
iracted by acute infectious processes and respond in great numbers to
the pre<ence of pus coecr ® 3 7€ certamn other microorganiems and certan
chemteals 3 The macrophages (Mistrocytes) contawn trypsin and pro-
tea cs®® which enable the ¢ cells to digest engulfed protems However
phagocytes die and free the components of the engulfed material which
are then reavailable for use by other eells Thus phagocytes contnbute
toward the reparr process whieh follows the acute phase of tissue mjury 7

In 1888 Leber introduced the conrept of pu tive leukacy tie chemotaxts
1 respon<e to inf by fieally by the fungus
Aspergilus® Later 1f was shonn that Ieukucytes are positrvely chemo
tnchc to stenle products of injured tissue * as well as to toxins of micro

863 \etchmbofi expl d the hmc 1 the 1nfil on

by leuhoeytes lymphoeytes and bly pl 3tes mto an avea
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Inflammation and Wound

Healing

Several cells 1 mflammations nclude lymphocytes, plasmacytes, mast
cells, neutrophils, eostnophils and monoeytes The cause and nature of
the mflammatory leston alter the kinds and numbers of these vanous
cells In turn, the order of infiltratton and the order of dismtegration of
these cells are the means by which one brock 1 process p .
over another and by which a senes of changes 1n a delumted arca pro
ceeds 1n an orderly manner

The number and hinds of these cells fluctuate 1n accordance with vana
t1ons m the nature of the inflammation, and the rates of regeneration and

wound healing Infl 1005 are usually d ted as acute, subchronic
(subacute) or chrome depending upon the cause and duration of the
dition Acute 1nf lasts for a few days or two or three

weeks,” and 1s usually characterized by heavy mfiltrations of the poly
morphonuclear leukoeytes Chrome inflammation lasts for months or
years®® and 1s characterized by infiltrations that are predomnantly
composed of lymphocy tes and monocytes Subchronte, or subacute, mflam
mation?® are terms used to ndicate an nflammatory condition of shorter
duration than chrome mnflammation but more severe than the scute
stage - &3

Inflammations serve the purposes of destroying ehimmating or limit
g the spread or effects of the injurious agent and of repatrng 1njury
or replacing the necrotic or damaged tissues 7 ¢ %3 863 The onset of
mflammation 1s preceded and attended by hy peremra and 1ereased capil
lary permeability The of the four cardmal signs of 1nfl tion
(which describe the changes 1 the involved area) 1s rubor (redne s) calor
(heat) tumor (swelling) and dolor (pan) © © 633 663 Redness and heat
result from hyperemia and 1ncreased eapillary permeability with inter
cellular exudation and edema which are chiefly responsible for the swell
mg and pam

The order of the mfiltration of blood cells 1s usually the same re
gardless of the causes of the infl tion Polymorph 1 are the
first, cells to emgrate 1nto the inflamed area and monocytes arrve next

29
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inflammation and 1n vanious mjuries 18 generally accepted 396 458 84¢ ser
Howeyer, Angevine*® cautions that histarmne 15 ““only one factor and that
1ts action must be considered 1n relation to the other alterations that may
occur” Zuwerfach™® warns that the hstamine 13 not an all melusie
apswer to changes i caprllartes Benhn® % reports the ysolation of
certain fractions from aseptically produced exudate Each fraction has
a special part n inflammatory processes, thus leukotaxme increases
capillary permeability, and a leuhocy tosis promoting factor (LPF) cau.es
the ermgration of leuhocytes %2 Hamilton?® believes that the axon re
X’ upon the artertoles controls the vasodilatmg effect There appears to
be iftle that 1s defimtely hnown about the mode of action of hormones in
controlling mfammatory proces es However, 1t 1s generally accepted
that the ‘reactruaty potential of the tissue to an umtant may he con
ditroned by hormones 1© 4

Halpern and co worhers®® eoncluded that histamine occurs 1 hyving
organtsms ‘combined (HC) withmn the cells ‘labile’ (HL) and ¢ free
(HF) They believe that the mnactive, combined and labile forms of hista
mine are activated by comversion to the free forms of histaramne, uch as
that which occurs pormally mn blood by hberating substances Code'?
found that 1 centrifuged normal and 1n passively sensitized rabbit blood
the white cell Iayer, the buffy coat, has repeatedly ‘been shown to
be the source of released histamme’ and that 70 to 100 per cent of
the hstamme 1n the blood of man, horses cattle goats and rabbits was
m the white cell Iayer of centrifuged samples of blood By the process of
ehmmating the lymphocytes monocytes and platelets as contaming very
nittle or no histamine, he concluded that the my elocy tes of the granulacy tie
sertes contamn the most significant amount of the listamime found i
the white cell lay er of human and other centrifuged blood In further sup
port of this tenet he pomts out that the blood of pattents with myelo
genous leuherma had the highest histamme content of any blood samples
exammned In this conrection 1t 1s nteresting to note that Dale (1926)
found that the platclets of rabbits eontamn s high amount of hstamine %6
which 1s at vanance with the finding of Code ™ However the two i
vestigators agree that blood platelets of the horse do not contain histamme

Neoplastic Grouth

One prerequisite for localized reparatrve or even neoplastte, growth
138 sustained 1ncrease in the supply of proteins and certain cnzymes The
mo ¢ common method of mcreasing proteins 1n 1 sue flurd 13 by bypererma
a0d mereased capillary permeability There are a number of endagenous
sub tanees and condittons wluch are capable of causing mnerea ed eapillary
Permeability or spreading effects These wlcude hustamune by aluron
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of inflammation 1 terms of a sort of differenttal chemotaxis existing in
the extravascular fuids ¢ > Thus, carly mjury of tsue cells released sub
stances positively chemotactic for polymorphonuclear leukocyies The
early action of this positively chemotactic substance was to provohe a
stichaness at the surface of endothehal cells whieh inhibited passage of the
leukocytes through the blood vessel Thus, the sludged blood facthtated
the emigration of these cell< from the blood into the extravascular fad
With the passage of time, the changing extracellular substance became
less positavely chemotactic for leuhocytes but inereasmgly posttive for
lymphoeytes® The respon=e of n phils and hils to sterile
necrotic tissue may be most important 1n view of the finding that horse
radish oxidase, 1n the presence of hydrogen pr roxide, can ovidtze a vartety
of proteins which contam tyrosyl groups %44

HISTAMINIC HYPEREMIA

Increased capillary permeability 1s one of the earhiest manifestations m
nflammation Histamme, as well as histamme Ithe substances, mnerea e
capillary permeability and increase the protemn content of edema flud -
Apparently, Marshall®* does not constder histamine to be an activating
agent, but he does recognrze that cdema 15 dependent upon capiilary dila
tion and that inereased capillary permeability 1s 2 {mgger mechemsm
whieh sets off the transudation of edema He attnbutes the formation of
edema to the result of microcirculatory disease which causes conwiderable
dilation of the termunal vessels

Histammne may be a potent factor mn determining the relati ¢ number of
plasmacy tes to Iymphocy tes in subacute and chrome inflammatory lestons
because dilatton of blood vessels iereases the permeability of captllaries
so that protemn rich plasma readily leaks through the capillary walls mto
the surrounding tissue "% 1948 However histimmne affects different species
of snimals 1 diffcrent ways Dale and Lardlow (1911) point ont that the
1mjection of lustamine ¢ causes the typreal symptoms and puthology and
anaphylactic shock,’ but that the actual stasts 1s vanously obtained 1
different <pecies of mammals Thus the pulmaonary artcries of rabbrts are
contracted the hepatic vemns of the dog are constricted and the bronchts
of the guinea py, are contracted 1048

Histamne occurs m all normal mammalan cells 3% 1949 Therefore
f1ssue destruction or mnjury releases histamimne *® Lewiy (1927) found that
the mjyection of hstamine produced reactions wdentseal with “the so called
tnple response  which 15 produced by injurious action of physical thermal
or chemical agents'™® on human Jun His results were later venfted by

cother mveshigators 3¢ 567
The abality of released lustamine to increase capillary permeability i
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well as caused by, gastric or enteric disturbances Even a shaved and
varished skin area on an experimental ammal may have dumaging effects
on the wall of the stomach and suppress the formation of hydrochlorne
acid Achlorhvdna 1s associated with mncreased free histamine and marhed
dermatoses 1947 Thus 1t appears that gastroentcnitis may cause mereased
free histamine that mncreased mstamine may cause gastroententis, and
that either of these condittons prevailing in the stomach or imtestines
may cause vanous dermato es and, conceivably lesions or alterations
m other struetures Similarly, 1t would appear plausible to consider many
of the cases of light hypersensitivity, especially those cases charactenzed
by acute dermatosis as being due to the so called telergic activity of
hi tamine However porphyrn appears to be the suspeeted substance al
though time has mnereased the controversy oier whether or not porphynn
18 at all related to light sensitivity 1%

Rouget Cells

Rouget cells have been considered to function in contraction of capil
laries but their significance m normal or pathologieal t1s ues has not
been established Rouget cells are varously known as ads entitial glomus
penicapillary and penthehal cells pericytes and true penicytes Some his
tologists state that thece cells are merely among the pericapillary cle
ments 42

The oceurrence and distribution of Rouget cells are not very weil
delimted as to species organ or structure Zwerfach (1910) states that
Rouget cells are never aswociated with capillares, but when present they
are mvanably situated on precapillary arterioles 42 However these cells
are known to occur “on a large number of capillaries  sttached to the
endothehal wall”*¢ ecspectally 1n amphibians Rouget cells have been
studied 1n the tail of hving larvae of the newt and frog 1 the exer ed
living tongue and metitating membrane and m the web of the foot of
frogs 7 563 Rouget cells occur 1n all tissues of the human ey ¢ the mesentery
of man and rabbit * the amnion of heep embryos and the muscular coat
of the small intestine of the mou e 7 Also mast cells are present on arteries
and vems of the hadnev and 1n the tis ues of fiches, reptiles, burds 70 56
cats, rabbits and men on the camllanes of gumea pigs, on true arteries
(vasa efferentia of renal bodies) 1 dogs guinea pigs men and rabbits ™ 5
and on blood vessels 1n the worm Nereis 750

The work of several mnvestigators especially hrogh and as ociates ind
cates that Rouget cells effcctively constrict capillames?® 5 Rouget
cells haye fibnllae which are quite similar 1 form and <taining reaction
to the mjyofibrllae 1n the smooth mu cle cells of arterioles For this and
other reasons Rouget cells are often considered primitive smooth muscle
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idase, Jeuhotaxine, ATP, and other substances 1n exudate Ca ey's
Brown Pearce carcmomn extract,’ Carminaty s aleoholic extract of ho
mologous tumors,** Boyland and McClean s tumor extract® and local
anovia 7 Possibly, any one or more of these agents may be mvoled,
howeyver, histamine 1s present in virtually esery normal cell and may be
activated or freed by a wide vanety of agents Since 1t 18 extremely ef
fective an ancreastng capillary permeabihits, we believe that histamine
15 probably one of the most important agents m increaung capillary
permeability By this means lnstamine mny divert protemns to areas of
wound healing or chronic inflammatton

We have not been able to find a refercnee to experimental or theoretical
work indicating that histamme sy nerpizes or contnibutes to spontaneous
or induced neoplastic growth Heinlein (1936) used hustamine on eats and
rabluts for ‘rather long treatment’, and Hay and co worhers (1943)
applied o beeswax mineral o1l preparstion of histamine diby drochlonde
daily to 2 calies, 1 monkey, 3 rabluts and 1 woodchuck for 20 to 59
day s without producing a tumor 4 I'liinger (1939) reported that ultra
violet irradiation enhanced the growth of the Thrlich mouse earcinoma
This increa ed gronth was assumed to be the result of stamine, actnated
by the ultraviolet rays®2 Segal (1939) found the histamme content of
blood samples from cancer patients within normal yalues but srradiation
of the neoplastic growths resulted 1 incrensed blood histamine which was
attributed to irradiation mduced necrosis 8%

Telergic Relations of Istamine

The Arthus (1903) or Schwartzman (1928) reaction 7 the dye tests
used by Rogouricz (1885),% or the trypan blue test as developed by
Spagniol (1927) %7 Menhin®® and others offer bascs for an approach to
the understanding of certawn supposedls telerge rclations of istarmne to
certain ty pes of mflammatory lesions The relation of lstamune to chrome
inflammation 15 not alwnays a localized reaction although many mvestt
gators have shown that most injuries cause the release or activation of
Istamine at the site of the injury

Tt 1s now generally known that gastroenteritis or other wjury to the
gastric or mntestinal wall the presence of certamn bactena i the colon
an infected tooth or nearly any focal infection!®'$ may re<ult m food
sllergization with the production of various and often cxtensive derma
toses 17 A number of 1my estigators attribute many of the peraistent derma
toses to gastrits, entertis excessive intestinal putrefaction$®® and mn
testinal 1ntoxication, any or all of which are in tum eaused by the
inereased formation of lustamme or ymidazolemia Also, these reacttons
appear to be reversible, that 1s, shin estons may be responstble for as
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well as caused by, gastric or entene disturbances Esven a <haved and
varnished shin area on an experimentsl ammal may have damaging effects
on the wall of the stomach and suppress the formation of hydrochlone
acid Achlorhydnia 18 assoeiated with increased free hustamine and marked
dermatoses 17 Thus, 1t appears that gastroentenitis may cau.e merea ed
free histamine, that increased histamime may cause gastroententis, and
that either of these conditions prevailing in the stomach or intestines
may eau e vartous dermatoses and, concenably, lesions or alterations
1 other structures Simlarly 1t would appear plausible to consider many
of the cases of hight hypersenaitivity, especially those cases charactenzed
by acute dermatosis, as bemng due to the so called telermie activity of
tustame However porphyrin appears to be the suspected substance, al
though time has inereased the controversy over whether or not porphynn
18 at all related to ight sensitrvity 194%

Pouget Cells

Rouget cells have been eonsidered to function 1n contraction of capil-
lanies, but their sigmficance m normal or pathological tissues has not
been e tablished Rouget cells are variously known es adventitial, glomus
pericapillary and penthelial cells pericytes and true pericytes Some his-
tologists state that these cells are merely among the pencapillary ele-
ments 43

The oceurrence and distribution of Rouget cells are not very well
dehmited as to species organ or <tructure Zweifach (1940) states that
Rouget cells are never associated with capillanes but when pre ent they
are mianably situated on precapillary arteroles ** However the e cells
are known to occur on a large number of capilianies  attached fo the
endothelial wall,' 563 especrally m amphibians Rouget cells have been
studied in the ta)l of hiving larvae of the newt and frog In the exer ed
ving tongue and mictitating membrane and 1 the web of the foot of
frogs * 563 Rougot cells oceur m all t1 sues of the human eye the me entery
of man and rabbit * the amnion of sheep embry o8 and the muscular coat
of the small intestine of the mouse © Al o mast cells are pre<ent on arteres
and vems of the kadney and mm the tissues of fishes, reptiles burd 70 56+
cats, rabbits and men on the capllares of guinca pigs on true arteries
(vasa efferentia of renal bodies) 10 dogs guines pige men and rabbits 7 56
2nd on blood ve <els 1n the worm Neres 78

The work of several mvestigators espectally hrogh and assomates indy
cates that Rouget cells effectnely constrict capiilanes ® ¢ Rouget
cells have fibnllae which are quite similar 1 form and taming reaction
to the my ofibrillae 1n the smooth mu cle cells of arterioles For this and
other rea ons Rouget cells are often con 1dered primitive smooth muscle
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cells 70 563 Reaults of extensive investigations seem to leave no doubt
that Rouget eclls function actively on certan capillaries 1n amphibians n
vasoconstriction However, several investigators question the ability of
Rouget cells to “constitute the contractile elements proper * or to be at all
essentinl for the contraction of capillarics or emall blood ve. cle 3 18 311
3160 746 810 1133 Bamett!? «ums up the discussion by stating that it
seems to be the concensus of more recent i estigators that capillary
contractility 13 mndependent of the Rouget cells’ Forbus* sugge ts that
Rouget cells play an important part in capillary permeability There 1s
a correlation between the intensity and rapidity of eapllary reaction, and
the number of normal Rouget cells on the wall of small blood ve< els and
capillaries

The slower reacting capillaries have small and very few Rouget cell ,
wheteas eapillaries whieh react rapidly and strongly were furniched with
numerous Rouget cells 65 Schaly (1926) found a hnear correlation, be
cause mast cclls in the ¢y ¢ are distributed an average of 30 ¢ apart on capil
larses n the choroird 50 u near the equator and 74 . belund the perphery
of the retina 3%

Factors Inhibiting Ezudation

There are everal means by which mnereased capllary permeability or
fragility can be reduced or mhibited The most obvious method 1s the 1
activation or di appearance of the causatne agent However, there are
severn! other means by wiich capillary permeabulit 18 decrea ed Bio
flvvinoids (vitamin P, citrin and rutin, from oranges and lemons) reduce
conditions of increased capillary permeabibty or fragiity but their mode
of action has not been establ hed The admmistration of the bioflavinord,
hesperidin metly | chaleone notably reduced hy perpermeabihty in antmals
m which excessively increa ed capillary permeability was experimentally
induced The addition of ascorbrc acid marhedly potentiated the effect of
the hesperidin® The ehaleone form of hesperidin and s protein form an
oxidation reduction couple * Ascorbic acid 15 an actrve antrcoagulant b
and anttedemic ® It plays an eccential part 1n the oxidation reduction
system of tissue re pration ° Probably ascorbic acid functions as a co
enzyme and “contributes to the dey elopment of antibodies and the neutral
jzation of toxns 1 the build of natural 3 to nf dis

g

£ases
Sigmficance of Edema Protemn
Edema fluid 1s ¢ cntially 2 capillary filtrate Normally, there 18 mamn

tamed 2 homeo stabicstatein aecord wath Bernard s concept of the milien

mterne '¢ Hosever, the condition 1s designated edema  hen an icrease
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m tissue flurd produces swelling of the arca of structure ‘ore fluid ¢nters
than fea «s the intereellular spaces 3¢ whun the steudy <fate 1s interrupted
by ¢ motic mechanieal or influnmatory changes Baudittve edema flid
{exadate) usually has » ligh peatfic gravity, contairs leubocytes and
~orretimes numerous ery throcytes and bas o lugh level of plasma protemns
and fibnn Trausudates usually have a compartively low speaific gravity
and contam much less fibrin and other protem Transudates occur as a re
sult of ancreased capillary permeability, such as 13 common m cardiac fall
ure 3 As early as 25 B C to 45 A D, Celsus recogmzed changes m the
twsues myolved 1n true mflammation, and used terrmnology which has
stood the {est of tume so well that 3t 15 still employed® © to designate the
four cardinal signs In 1873 Samuel believed that the fitnd in exudatise
edema resulted from changes m the walls of blood veseels &%

Protein content ard conditions that result i stasts, determine y hether or
not edema Awid can stunulate plasmacytogenesis The protem content of
edema flid 1s most commonly related to condittons 1avorable for the pas
sage of the larger protemn molecules through the eapillary walls mto 1
{avorable situatron which pros sdes a fibrin network to retamn the nfiltrated
Iymphocy tes and plasma protesn Transudate such as that formed in car-
diae or renal edema, 1s not farorable for plasmacy togenesss becau e 1t has
a ery low proten content and a much lower speaific gravity than exu
date 390 8 The duration of the exudate and other factors arttvate plasma
evio enests There may he formation of plasmacytes if a shght hy peremta
ex1sts over a Jong pertod of time whercas plasmacy tes do not usually form
when the same degree of hy peremia occurs for a short time

Allm estagators do not place as muLh significance on the part play ed by
vasedlar disturbance in 'y pro asthep
discussion may 1ndieate Ehrich ™ believes that the comnectne tissue
ground substance 1s the site of the changes madent to mmtiation of mflam
matory processes Dougherty™® supports the idea that the interstitsal
connective tissue 1s very mportant s a stte of origmn ©* Roessle suggested
that mflammation 15 not nceessarly dependent upon vascular changus 7

PLASMACYTOCENESIa

The formation of pl yies in mfl ton as & tume
bruige ' mechanism whereby the increascd protemn that results from the
first stagr of mflammation 1s retained locally for Iater u e by prohferative
cells Part of the protemns from leaking capillanies as well as those from
necrotic tissue and cy tolyzed polvmarphonuclesr lewkocy tes or other blood
cells are retamed locally as components of the nucleoprotem that 1s syn
theized 1n the oy toplasm of plasmacy tes which form from lymphocs tes

Thie tme bridge’ 15 o very important factor bueause the mitial 1rn
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tant, whether lustamime serotomn or leuhotaxin of Menhin® or some
other simular substance, has usually disappesred before mitosis occurs in
the regeneration or replacement of tissties Normally, hy percma s con
trolled by hormones or neurones, but the chemieally induced hyperema
oceurs 1n earher stages 1n the case of the healing of ehromically inflamed
tissucs Transformation of 1y mphocy tes mto pla=macy tes presents a form
of local resynthesis and storage of nbonucleic acid (RNA) and globulin
from protemn that 1s released from necrotic cells and plasma protemn to be
utihzed by other prolifcrating cells, such as fibroblasts i the ea<e of car
formation Basically, tls storage and rctention of nucleoproten 1s the
same at sites of chronie inflammation as 1t 18 1 those tissues where plasma
cytes normsally occur <uch asn the core of intestinal v1lhy, 1n 1y mph nodes
and the splcen *1° Ly mphocy tes and placmacy tes represent a form of pro
tein <torage, but these cells are not indispen able for wound healing by fi
broblasts, epithehal and other cells

Rmght*+° makes the statement that eorns, ealluses, ete , develop in areas
where blood vessels are under preseure, and ashs wly the local anemia
caused by this pressure induces these cells to grow more rapidly than other
cells m thts particular ansmal One possibility may be that a muld extertor
pres ure mhubits venous flow more than arterial flow and thereby cau es
partial to complete 1enous stasis without greatly nlubiting the arterial
flow The end result would be the exudation of additional protemn into the
tissue flud

Transformation of Iy mphocy tes mto plasmacy tes does not occur 1n all
fesions mfiltrated by lymphocytes Some chronic :nflammatory mfiltra
tions are almost entirely composed of 1ymphocytes whereas most of the
mfiltrated cclls in other inflammations are plasmacytes 7 Thus 1t1s ome
times difficult to differentiate by lustological methods alene between the
t1ssuc reaction to “the spirochete of sy phihs and bacilus of tuberculo 15 ™
Ogilvie?  suggests the following points as an aid 1n recogmizing the differ
ential characteristies Sy phihs usually has a ¢ high proportion of plasma
cells *, whereas tuberculosis usually has 4 predomnanee of Iy mphoeytes
Vascular lesions espeeially pericapillary fibrosis are more common In
sypluls than mn tuberculosis Sy philis usually produces less ciscous and
more fibrous structure than tuberculosis Thus 1t appear~ that the prepon
derance of plasmacy tes 1n sy philitic lesions 1s correlated with the increase
m fibrosity, including perieapillary fibrosis and other vascular lesions
whereas the preponderance of lymphocy tes m tuberculous lesions 1s cor
related wath the relatively fes vascular lesions and the pronounced caseous
necrosis Fhese comparsons lead to the conclusson that the amount of pro
tem leahed from the capillanies and retamed locally 1n the edema flud 19



INFLAMMATION AND WOUND HEALING 305

msufficient 1n quantity or quality to promote transformation of lympho
cytes to plasmacytes n tuberculous lestons 534

SYMPATHETIC PARASYMPATHETIC BALANCE

Vascular changes similar to those in subehronie and chrome inflammation
may be induced 1n certain structures by imbalanced stimulation of the
sympathetic and parasympathetic innervations The syndromes in Miku
liez s chsease Graves drsease toxic thyroiditis and my asthenia gravis are
usually characterized by extenstve bemign hy perplasia of lymphoid tissues
1n those organs where capillaries are subjected to extreme and intermittent
changes 1n diameter and permeability, through stimulation by the sympa
thetic and parasympathetic fibers

Parasympathetic stimulation has the function of vasodilation 1n the lac
nimal and salivary glands, the sympathetic has that of vasoconstriction 87
These glands are mnvolved 1n Mikulicz s syndrome, ® 3¢ which 1s charac
terized by hyperplasia of lymphoid t1 sues 5 However, some authors in
clude hives, mumps lymphosarcoma and Hodgkin s disease as causing or
contributing to Mikuliez's disease #¢% The cause of Mikulicz s syndrome 15
generally coneeded to be unknown Some writers point out that it 1s appar
ently due to wnfection ?3 because 70 per cent of the cases have been attnib
uted to staphylococeal infection 152 Cameron!®® points out that obviously
the etiology of this disease suggests = plurahty of causes 3 %6

Increa ed vasodilation of capillartes in the variously mvolved organs of
Mikuliez’s disease could be due to the d d secretton of hrine
or to increased secretion of acetylcholine In ether event, the architecture
and protemn relations would be conduerve to hyperplasia of the lymphoid
tissues A number of case histories indicate clearly that degeneration of the
cortex of the adrenal gland occurs 1n many of these pattents The mnade
quate release of cortisone may cause hyperplasta of Iy mphoid tissues and
lymphoeytosis by decreasing the rate of lymphocytoly sis

Lymphocytes and plasmacytes are present normally m the connective
tissues of the salivary and lacrimal glands Also prolonged dilation and
mereased permeability of the capillaries produce an edematous condition 1n
these glands which 1s functionally similar to the retarded flow of lymph
1n the smuses of a normal lymph node or to chronie mflammation The
Ioose connective tissues 1n these organs enables the proliferating lympho
cytes to become orgamized nto large areas of Iymphoid tissues which may
Tesemble the cortical regions of lymph nodes

Necrosis or faulty metabohsm of neurons in the superior cervieal ganglion
could be a cause of Mikulicz s disease of the lacrimal and salivary glands
and the bemugn hyperplasia of lymphod tissue and the thyroid gland Some
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tant, whether istamine, serotonin or leukotaxin of Menkm® or some
other similar substance, has usually disappeared before mitosis oceurs in
the regeneration or replacement of tissues Normally, hyperemsa 1s con
trolled by hormones or neuranes, but the chemieally induced hy peremia
oceurs n earlier stages mn the case of the hesling of chromcally mflamed
tissues Transformation of lymphocy tes mto plasmacy tes presents a form
of local resynthesis and storage of nbonucleie acid (RNA) and globulin
from protemn that 1s released from necrotic cells and plasma protein to be
utilized by other prohferating cells, such as fibroblasts in the case of scar
formation Basically, this storage and retention of nucleoprotemn 1s the
same st sites of ehrome mflammation as 1t 15 1n those tissues where plasma
cytes normally occur, such as in the core of intestinal valli, 1n Iy mph nodes
and the spleen '* Lymphocytes and plasmacy tes represent a form of pro
tein storage, but these cells are not indispensable for wound healing by fi
broblasts, epithelial and other cells

Knightd ® makes the statement that corns, calluses, etc , develop 1n areas
where blood vessels are under pressure and asks why the local anemia
caused by this pressurc induces these cells to grow more rapidly than other
cells m this particular ammal One possibility Inay be that a muld exterior
pressure whibits venous flon more than arterial flon and thereby causes
partial to complete venous stasis without greatly inhibiting the arterial
flow The end result would be the exudaton of additional protemn mto the
tissue flnd

Transformatson of lymphocy tes mnto plasmacy tes does not occur m all
lesions nfiltrated by lymphocytes Some chromie mflammatory infiltra
trons are almost entirely composed of lymphocy tes, whereas most of the
mfiltrated cells 1n other inflammations are plasmacytes 7 Thus, 1 15 some
tames difficult to differentiate by histologieal methods alone between the
t1ssue reactzon to ‘ the spirochete of sy philis and bacillus of tuberculosts” ®
Ogihie™ suggests the following pomnts as an 11d in recognizing the differ
cntial characternistics Syphihs usually has a ‘ lugh proportion of plasma
cells’, whereas tuberculosis usually has a predominance of Iymphocy tes
Vascular lestons espectally pericapillary fibrosis are more common I
syphilis than 1 tuberculosts Sy philis usually produces less caseous and
more fibrous structure than tuberculos:s Thus, 1t appears that the prepon
derance of plasmacy tes 1n <y philitic lesions 1s correlated with the increasc
1n fibrosity, including percapillary fibrosis and other vascular Jesions
whereas the preponderance of Iymphocytes 1 tubereulous lesions is eor
related wath the relatively few vascular lesions and the pronounced ca eous
necrous These comparisons lead to the conclusion that the amount of pro
tem leaked from the capillanes and retamed loeally 1 the edema flud 13
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a mteroorgantem w a8 retained Howeser bactenal lons and vital new red
dye were forced through by filttation Thus & is suggested that barners
that functien «imilar to oy prinine membranes might help to explam the
fadure of come loealized foes to stimulate immumty It 1s probable that
byaburonie aexd (HA) changes 1o the connective 1 sue gyound substance
ean effect quite sumiar resulls T Lytoph 1 essels prokferate 1 mBamma
tion During the pa t 70 years * the proliferation of lymphatics has beens
repeatedly demonstrated, however Poheard and Desplas bebieve that ym
phaties ave ab ent sn the granulation 4t <ue of sceondary repar 4

Fibninogenesis

Fibnnogen a ~cluble protein escapes from the blood 3 evcels 1 the exu
date or by frank hemorrhage into the tissues at the wite of mflammation
frauma or other njury By a proce s vanously held {o be epzyme or sty
chiometric tt the <oluble fibnnogen 1s conserted into fibrin an wmeoluble
proten by the addstion of Ivsine and pheny 1alanine to the mne amino acds
m the fibrmogen molesule *t The percentage of these nine smno acxds 15
rdentical within the range of the probable error of «maly «1s 1 both fibrino-
gen and fibnn

Incorporation of phenylalanine occurs duning the process of formation
of fibnn from fibninogen 93¢ An excess of phenylalamme from any one of
several cources over that required for fibrin formation may counterbalance
the efleets of lnctamine or serotomn on capillanee beeau e pheny lalanme
tan form tyrosine which 1 twm ean be decarbovylated to form tyra
mine 1% The formation of 1y rampe 10 areas of wound healing or m path
elogical t13-ues i v hich Bbrin 1a bewng formed or at the time of ibnnoly sis
could constnet capllanes because it 12 4 potent vasoconstrictor Y9 and
thus counterbalance the effects of agents that cause caprllary dilation
Epmephrine may aleo contro} the trephocytic setivities of the free con
Beelne b1 sue cells ncluding mast cells

The causes of fibnn formation hase been discus od 1 detatt * howerer
a cpeafieslly wdentified source of the phenylalomne and By sine sinch do
Tot peenr s the fibrimegen but are present 1 fibnn has not been revealed
Pheny lalanine and lysine ocour m albumun gamma globubn sod 1w the
globuhin of ery throcytes whereas Iysme oceurs 1n thy mus histone ' These
150 amino acids as free smuno acds m b e Surd or blood may be made
madable for the formation of fibrm from fibruogen ar from albumin
globin Iy zed erythroey tes or necrotic cells

The meorporation of Iysne wto fibrn may retmn one of the indispen
able amino acids 11 regions of wflammation and wound healing It 15 not
Lnown howeser if hysine 1s freed from Sbrm and if <o whether st 1 avanl
able for u e by other cells Activated plastmn o primary eause of wrey prey
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of these conditions have been obseryed 1n Graves drsease, toxie thyroiditis
and myasthena gravis The superior cervical ganghon of the sympathetic
system contans the bodies of neurons which 1nnervate the lacrimal and
salivary glands®™ and, probably, the thymus and thyroid The extent of
necrosis m the superior cervical ganglion and the resulting malfunctions
would determine the extent to which lymphotd hyperplasia developed 1f
the neerosts were limited to a very small area, only the neurons passing to
2 single gland or organ might be destroyed Consequently, vasod:lation and
Iymphord hy perplasia would oceur 1n a deltmited area or m only one of the
glands Such differences have been described m Mikulicz’s sy ndrome which
sometimes 15 limited to only one of the salnvary glands, but ean oecur n all
of the salnvary glands In this case, necrosis or dysfunction of neurons in
2 larger arca would be affected Lestons 1n either the gangha or the post
ganghonic fibers would cause 2 decrease 1n =ecretion of epmephrmne that
could inhibit the constriction of eapillaries and merease the vasodilating
capacity of the parasympathetic fibers

FIBRIN IN REPAIR PROCESSES

The formation of fibrn 1n granulation tissue during wound healng o
calizes proten® by forming a network which increases the retention of
plasma proteins as well as by scrving as a deposit of available extracellu
Iar protem Fibrinogen, one of the three groups of plasma proteins, forms
fibrin only under pathologieal conditions ® 32 633 Fabrin occurs as a pro
tem clot sheet (membrane) or preeymtate Fibrmogen circulates freely n
the blood stream and forms about 7 0 per cent (0 43 g/100 m)) of the plasma
protein as determined electrophoretically by Cohn and co workers m
194441 Fibrinogen 1s a long slender, fustform molecule (about 33 by
900 A) and has 2 molecular weight of 400 000 to 700,000 6@ 412 19%¢ There
fore, fibrinogen can escape in quantities from the blood only while the captl
laries are 1n a state of greatly mereased permeability or actually ruptured
The amount of fibrinous exudite as mdicated by fibrin formation sanes
greatly Lattle or no fibrin s formed by mosquito bites but much may form
1 the exudate of tubereulous lesions #* Cantharidal blisters of human <hin
may be nich 1n fibrinous exudate 2

The development of fibrin n granulation produces & screemng effect
that 1s, the protemn molecules are retamed within the fibrin petwork while
the cerum 1s permutted to exude through the granulation ti suc *% This
view point 18 especially sigmificant beeause the mcreased retention of plasma
proteins at this <ite ereates a situation favorable for the transformation of
some lymphocy tes mto plasmacytes Hughes! found that when a cypn
nme “membrane was used as o filter 1t cxeluded trypan blue and certam
other vital dyes from arcas of inflammation and that any thing as large as
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cau e these cells decrea e as the proliferation of fibrocy tes or other cells
or the deposttion of collagen replaces the area 53¢

FIBROBLASTS AS A SOURCE OF AMP

Granules of mast cells contam AMP, but the prnimary and major <ource
of AMP 1s probably the fibroblastic connectrve tissue cells *¢ Differen
trated cells produce specialized AMP such as o semn and chondroitin sul-
furic actd Fibroblasts are undifferentiated cells derr ed from mesenchymal
cells™® and are con.idered a source of collagen fibers ** 37 However the
fibrocyte 15 2 more highly differentiated form of this cell and 1s considered
by others to be the ource of collagenous elastic and reticular fibers
Bensley 1 cuggests that the ground ubstance may be dernved from fibro
blasts

The results of experiments with tissue cultures indicate that mast cells
are not the only source of mucopoly accharides (MPS) Tibroblasts i
roller tube cultures produce collagen* In cultures of human exten or ten
don of the toe the pr tendon cells produced MPS durmng the
first 3 months after which the amount continually decreased #° Cultures
of human shin produced & mixed poly accharide  apparently +% of
which was HA and about ¥ chondrottin sulfate C 37 No mention was
made of mast cells being present or absent 1n erther culture of human tissue

Several characteristic properties of ground substance which Bensley *
gives are the folloning Tt resists digestion with pepsin but 1s readily d1
gested with pancreatin It may be made to stamn metachromatically with
tolndime blue and 1t has an affinity for copper salts She tales advantage
of this euprophilia by mordanting 1 copper to obtain a deeper stainmg
of the ground subst ince She found that connective t1 sue from the cock s
comb from areas of human shin that showed fibrosts resulting from car
cinomatosis and from the mucosa of the human uterus all gave the same
general positive results to tests for mucins

Other authors have beclouded the 1sue by attnibuting collagen forma
tion to connectys e tissue cells without speesfying which cells are respon 1ble
Jacob ont?® states that collagen fibers are a characteristic feature of the
conhective tissues and therr derivativex  hlemer pomts out that all
connective tissues contaan mucoids Granules in fibroblasts have been con
sidered as precursors of MPS 1 the ground substance but extracellular
origin of AMP 1s al<o probable * 7 Jacobson® 8 pomnts out that the mter
cellular spaces are filled with matrix and fibers but that it has been 1m
possible to establish an mtricellular origm of therr precurors

The more highly differentiated cells which arise from fibroblasts or
mescnehy mal tissue produce AMP However a review of the relations of
the e more spectalized cells to the formation of AMP indieates that the
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ble disintegration of fibrin, oceurs i blood, tissues and organs, especially
in the Jungs and adrenals It 1s normally nactivated by antiplaszun®®
Lyswme must be supphed as a reads made whole molecule 1n the diet®
beeause 1t cannot be synthesized Rose (1938) beheves that ysme s ope
of the three ammo acids wlieh have been definitely proved to be mdis
pensable 1%% Schoenh 2% used radioactrve nitrogen for the “amino
group and deuterum for the carbon cham ” He found that Iy<me can
contribute ‘ mtrogen for the formation of other amino acids but that it
was the only amino acid which 1s unable to accept mtrogen from other
ammo acids ' Thus, ly ame s considered to be a smgle, indispensable, chemn
cal unit #° Additional significance might be attached to the mcorporaton
of lysine n fibrin, 1ts retention 1n the area, and subsequent avarlabihty
during the proccss of fibrnolysis

Fibrin and Plasmacytogenesis

Fibrmn formation causes partial stasis of Jymph and tissue flud mathin
the network of fibrin fibers This network has rrregularly sized meshes and
helps to confine lymphacytes, extrarasated erythrocytes and other cells,
as well as the plasma protems, to the area of the exudate or frank hemor
rhage 37 591 88 Partial lymphatic occluston also favors the retention of
cells and proteans

Fibrin 1s first laid down as & mestiwark of fibers which becomes mnereas
1ngly dense until a fanly <ohid matrix 1s ultimately formed 3 Ferry (1948)
believes that when fibrmogen 1s changed mto fibrin, the network of fine
strands 19 formed by end to end unron of the molecules which are cross
linhed at iwregular mtervals by primary ehemicil bonds ¥ This fibrous
structure serves as a support for the mnjured tissves At the same time, tt
causes a certain amount of Iy mph stass m the tissue and Iy mph capillasie.
By thus means, fibrin confines protems and lymphocy tes in the exudate,
thus factitating plasmacy toenesis the deposition of collagen, and wound
healing

The transformation of lymphocytes mnto plasmacytes follows the re
tention of protemn during the first stage of granulation tissue formation
Apparently, the formation of plasmacy tes 1s concerned with mitiatg 1e
guneration and reparr However the necross of tissue cells dissolution of
blood clots exudation of protems from blood eapiliaries and protems from
Iysic of polymorphonuelear Jeukocy tes and monocytes also nerease the
protes for the transformation of some of the 1y mphocy tes mto plasma
cyies Lymphoceytes and plasmacytes as well as the poly murphonuc\en§
feubocy tes nnd monacytes hate Leen credited with presenting miection od
ased surface of granulating tissue ° ? Howerver the sy nthess anf

the exp 113 1n these cells may be 2 more basic function be

setention of nuclcoprote
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cau.e these cells decrease as the prohferation of fibrocytes or other cells,
or the deposition of collagen replaces the area 53

FIBROBLASTS AS A SOURCE OF AMP

Granules of mast cells contain ANMP, but the primary and major source
of AMP 15 probably the fibroblastic connective tissue cells 74¢ Differen
tiated cells produce spectalized AMP such as o sem and chondroitin sul
furic aerd Fibroblasts are undifferentiated cells derrved from mesenchymal
cells™S and are dered a <ource of coll fibers * 57 Howeser, the
fibroeyte 1s a more highly differentiated form of this cell and 1s considered
by others to be the cource of collagenous elastic and retrcular fibers *
Bensley ™ uggests that the ground substance may be derrved from fibro-
blast«

The results of experiments with tissue cultures indicate that ma t cells
are not the only <ource of mucopoly<acchandes (MPS) Fibroblasts in
roller tube cultures produce collagen?  In cultures of human extensor ten
don of the toe, the proliferating tendon cells produced MPS durng the
first 3 months after which the amount continually decreased 4 Cultures
of human skin produced a mxed polysaccharide  apparently %3 of
which was HA and about % chondroitin sulfate C * ¢ Mo mention was
made of mast cells bemng pre ent or ab ent mn erther culture of human t1 zue

Several characteristtc properties of ground <ubstance which Bensley ™
gies are the following Tt reststs dige tion with pepsie but 1s readily di
ge ted with pancreatin ‘It may be made to <tamn metachromatically with
tolmdine blue , and 1t has an affimty for copper <alts She takes advantage
of this cuprophilia by mordanting 1n copper to obtam a deeper stammg
of the ground <ubstance She found that connectrve t1 sue from the cock s
comb, from areas of human skin that showed fibro.1s resulting from car
cmomatosis and from the muco a of the human uterus all gave the <ame
general po 1itive results to tests for mucins

Other authors have beclouded the 1 sue by attributing collagen forma
t10n to connective trssue cells without speerfying whch cells are re pon 1ble
Jacob on* © _tates that collagen fibers are a characteristic feature of the
connective tic ues and their dernvatives  hlemer pomnts out that all
connective tissues contamn mucotds Granules in fibroblasts have been con
fidered as precursors of MPS m the ground sub tance, but extracellular
ongin of AMP 13 al o probable "7 Jacob on* ® points out that the inter
cellular paces are filled with matrix and fibers but that 1t has been 1m
possihle to establ h an intracellular orgin of their precursors

The more highly differentiated cells which am e from fibrobla ts or
mesenchy mal t1 sue produce AMP However, a review of the relations of
the e more hzed cells to the f of AMP 1nd that the
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more speciahized cells may obtamn AMP or 1ts components ndireetly from
the connective tissue ground substance Mast eells do not appear to be
precursors of theec varted forms of intercellular AMP, as mdicated
sectioned tissues or as evidenced 1n cmbryological development

The formation of AMP by osteocy tes gives an illustration of the com
plety in determming the origin of various AMP The osteoblasts have
been assumed to deposit bone matrix, but the intracellular precursors have
not been identified 29¢ Heller Steinbery, states that pertodic acid Schiff
(PAS) positive granules are more abundant 1n osteoblasts 1n grow th zones,
and are considered precur<ors of bone matrix-?¢ Bone contams ceveral
forms of AMP, including, ossem, which 1s similar to collagen i other con
nective tissues, 1 and osscoalb 130 33 The orgame por
tion of bone compriced 30 per cent of the matrix n contrast to the mor
ganic portions which comprige 60 to 70 per cent 3¢

The osteoblasts obtam AMP from the primutive fibrous tissue, whercas
the osteoclasts obtam 1t from pre existing cartilage i bones formed by

dochondral ossification Sylven sugg, that the chondroitin sulfuric
«cd protects the cartilage aganst calerfication beeause 1t 15 acid and would
mhibit the ealerfy ing action of alkaline phosphatase He obseryed a loss of
chondroitin sulfuric acid prior to the caleifieation of eartilage, which he
attributed to a change 1n pH or enzyme action 33 However there 15 the
possibility that here agun as tn the case of odontoblasts, the osteoblasts
are utiizing AMP that thas been formed by other cells for the synthesis
of ossein, o scomucoid and osscoalbumin 107

Determimng the origim of the various forms of AMP 1n bone, cartilage
and dentine 1s complieated In the case of bone the synthests of AMP be
gins with mescnehy mal cells depositing AMP 1n mtercellular material, fol
lowed by the utihzation of these AMP or their components by chondro
blasts 1n the ease of cartilage and finally the utihzation of chrondroitin
sulfuric acid of eartilage by osteoblasts i case of bones formed from carty
lage This cries mdieates the possibility that intercellular substance may
provide trephones for the synthesis of AMP and mav account for the failure
to determtne the relation of osteoblasts to the formation of the AMP 1n
the matnx of bone The above series of changes may be reversible and thus
account for the ¢ turnover of AMP Slack®® studied the replacement of
collagen and reported that the turnover was lnghest in collagen from bone
However the turnover rate of all collagen was mdirectly proportional to
the age of the rats but m il eases the turnover was low compared w1th
ntercellular protemn

Enamel of teeth contmns metachromatic AMP and mucoprotem *
Dantine contams chondrottin sulfurie acad®! or tollagen ® Ameloblasts
and odontoblasts may <y nthestze AMP from components but these cells
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may drav upon the AMP which has been de erbed by Hamslion and
honmg™ to be ‘present as the fibnilar matrix in the mtercellular spaces
of the pulp at ali developmental stages  Vitamin € deficiency causes a
fasture of odontoblasts to deposit dentine and the formation of abnormal
ordeereased collagen by fibroblasts The cfiect of vitamin C defictency may
be mediated direetly or indirectly through abnormal coltagen formation by
fibroblasts

Carnenl corpuseles wiich are fised fattened cells lymg »ithm the ta
mellae of the substantia propria (third layer} of the cornea and the col
lagenie fibers are primanly responsible for the depotion of ‘true hyal
uronte acxd sulphate which forms the amorphous cement Itho substance
witiun the substantra propria and thus 1 fargely responsible for the umque
{ransparency of the cornea of the eye % % Honever Ham?™ admuts that
the arrangement of the collageme fibers and fibnls 1 the substtntia pro
pna may coninbute to the transparency of the cornea He pomts out that
nowhere else m the connectiv e tissue of the body has  true by aluronie and
sulfate (unuoolecular umits of acetyl glucosamine gluetrome acid and
sulfuric actd)  heen recovered It appears that MPS play a very important
part sn corneal transparency

Effect of Hormones

Changes 1n the probieration of fibroblasts foliow stunulation by several
hormenss The formation of ground substance {and sts methchromasia)
and hydration merease in the process of widemng of the symphy s pubis
1 the pregnarat gusnes pig®® Tlus change 15 atinbuted to the relavn
eficet found by Hisan%® n firct guinea prgs and later mn the 13 hined
spermophale  Sitberberg and Salberberg®®® adounistered estrogenie hor
mones to young adult gumnea pigs deprived of ascorbie aetd The estrogens
greatly mothfied the usually scorhutic sequences espeeially by counter
acting homorrhage edema and bone sespostion In old gwmen pags whose
skeletons hd practically matured before they were deprived of vitarom
C the chief efftet of the hormones was to decrease hemosthage and pent
asteal edemna and to produce o shght mncrea e in density of the bones The
benefieral effects of the estrogen treatment were attributed chiefly to by
almization of the connectise tissue  Alse estrogen eaused exeessne de
position of 0s eous tissue 1 the marrow eavty and wnterfersd with bone
Tedarption and apposition i others e normal ) oung growng mipe 93¢

The mercase tn mast etlls i the uterus of hamsters after the admsnistrg
ton of estro,en may tepresent a direct souree of AMP or an andirectly
awatlable ource through the action of istamune and the werease of capl
Liry permesbiisty  ? In the ame manner that we hase deseribed the m
filtration of Iymphiocs tes and plasmacytes as s time bridge for proten
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the formation of mast cells 1n the mammary gland and uterus® ¢ 50 may
represent a “time bridge” for hepann and histamine In addition, Comp
ton?®! reported that many mast cells are present m the basal layer of the
endometrium around the uterine glands and 1 the myometrum of ham
sters Alse, he mentioned & possible relation of mast cells to menstrual
bleeding and the non coagulation of menstrual blood

Replacement Processes

Fibrocytes produce AMP 1n many pathological replacement proce es
The fundamental alteration 1 collagen diseases 1s the prohiferative, de
gencratrve and necrotie changes 1n fibroblasts which accompany the de
velopment of swollen mucoid ground substances % Chrondoblastoma fi
broblastoma, myxoblastoma, osteoblastoma and certain normal situations
contam fibroblasts which may prod mucin, chond and os<eo
mucem,” as well as collagen and elastic fibrils and/or fibroglia 3 Gingtval
fibromatosis m open and closed uleerative pulpitis causes the deposition of
collagen by fibroblasts and fibrous tissue #%¢

The 1ncrease of mast cells 1n some pathologieal conditions 1s not suffi
ciently great to represent a major or actual source of AMP m amylod
or mucoid formation 1n those conditions i which MPS are increased The
primary source of AMP 1n amyloid formation 15 probably the fibroblast
but mast cells may play a contributing role 1» amylord formation which
may be caused indirectly by the effects of mast cell products on capillaries
Angevine! calls attention to the fact that the formation of AMP 1n many
ty pes of inflammation 1s correlated with glycolysis Malignant fibroblasts
produce varymg amounts of collagen and known MPS Some fibromas
such as certain fibrosarcomas contamn very lttle intercellular material
whereas other tumors such as certain myxomas and Lelods are composed
predommantly of intercellular material 632

Experimentally induced changes m the number of fibroblasts alter the
amounts of collagen that are depostted Ingle and Baker'®! state that cor
tisone inhibits the formation of chondroitin sulfate by 1njunng the capacity
of fibroblasts to form ground substance Clark and Umbeit?® review the
effects of cortisone on decreasing synthesis of chondroitin sulfate 1n granu
lation tissue, and 1n the sy nthesis of chondroitin sulfurc acrd by embj ronic
and wound tissue 1o mitfro Scurvy 1s attended by a decrease n the number
of fibroblasts and the formation of eollagen 97 407

Collagen wn T ound IHealing

play s a conspicuous part in wound healing particularly i the

n
Collage terecllular cementum Recently a3

formation of the cieatny and as an n
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are ult of the work of Asboe Hansen and colleagues considerable mterest
has been manifested 1n the possible relations of mast cells to collagenesis m
arthritis and collagen diceases as well as 1n wound healing It has not been
determmed defimtely 1f mast eells function 1z the formation of collagen
by supplying certamn MPS directly or indrectly by producing sustained,
1ncreased capillary dilation and permeability Studies on fibrobl as a
source of MPS have hown that fibroblasts form collagen There 1s evidence
that the mast cell 1s both direct)y and indirectly concerned with collagene-
sis However the general principle of the relationship of mast cells to local
merease 1n tissue flurd and plasma borne nutritive substances has not been
acceptably established, and the method by which collagen forms has not
been determmed Jackson*”® considers numerous theories includmg Bart
sells (1915) rdea of the eonversion of blood plasma fibrn mto collagen,
and Gruyon s (1934) hypothesis that collagen 1s derrved from fibrinogen
Chemical analyses, as explamed by Astbury (1947) have established that
fibrin belongs to a different group of proteins which meludes keratin myo
ein and epidermun * 3 Thus, the origin of collagen remams an open question
The little app d versatility of hymal cells as the primary
source of both mast cells and collagen, and the presence of AMP producing
fibroblasts, probably are impediments mn determiming the relation betw een
mast cells and collagenesis This pont of view becomes more significant
when viewed 1 the light of the common observation that both mast cells
and collagen are rare 1n several structures and organs The endometrurm,
parenchyma of the eentral nervous system, suprarenals and hidneys are
practically devord of mesenchymal stem cells necessary for the develop
ment of mast cells fibroblasts and possibly other controversal cells
There are two other pomts to be considered There 1s evidence that the
erest in mast cell population has pa sed before a notable increase 1 col
lagen occurs as was observed mn the mammary gland of hamsters recetving
estrogen 530 Furthermore mast cells probably resynthesize AMP from the
components of degenerating collagen Signs of degeneration of the mereased
collagen herald an increase in the number of mast cells which appear to be
alvaging and storing materials freed from the degenerating collagen Under
these conditions the mast cells would be importent as a temporary storage
of AMP rather than having a causative effect For example 1t has been ob
served that fresh lesions of disseminated lupus erythematosus (one of
many collagenous diseases) showed mast cells and hyaluronidace senwtne
metachromatie connective tissue ground substance Older lesions howes er
had a reduction 1n metachromasia and respon e to hy aluromdase and frag
mentation and degeneration of collagen fibrils * However there were 1n
filtrations wath lymphocytes mast cells and plasma cells* 19
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NATURE OF COLLAGEN

The nature and functional relations of collagen are extremely dr ersified
Robb Smith®® points out that 1t 1s 1mpossible to be certain whether the
samples of collagen used 1n v arrous methods of 1y estigation, such as cherm
cal or x ray diffration, would be recognized as collagen by the histol
The mmportance of collagen 1s indicated by Gustavson,®® who states that
about one third of the total mass of protemns 1 the body 15 collagen Col
lagen, usually remforced by a certain amount of elastin, forms by far
the major part of the intercellular substance wlich binds or cements cells
together %92 This 15 especially noticeable n certain epithelia, such as the
shed epidermis of salamanders and frogs, and 1s alway s present as the base
ment membrane connecting epithella to conneetive tissue 3% Distmetion
betw een the two kinds of fibers 1s supposedly easily made because collagen
13 PAS negative and reticulin 1s PAS positrve % Howeser, in attempts to
determine whether pscudoxanthoma clasticum 1s a dystrophy of the col
lagenic or elastic fibers 1n the shin, indications were found that the elastase
1n this material probably acted as a mucase by dissolving the mucopro
tems®™? that bind the components of molecules and fibers together to form
collagenous tissue # 130 38 In shins and hides collagen forms 90 to 95 per
cent of the solid found 1n the corium 7 and about 72 per cent of the total
dry weight of normal human skin 7

Collagen changes with age Neuberger and colleagues (1951, 1953) show
that the metaboliem of rat tendon collagen 1s more rapid 1n young than in
old amimals as mdicated by the gan and loss of 1sotopielgly cine ® © The
solubility of collagen 1n acetic acid also progressively decreases with age ® °
Collagen 15 relatively nert metabolically at all ages but the total amount
mereases with age® ® However 1t 15 doubtful 1f advanced age mn 1t elf
causes a notable increase 1n the total amount of collagen Kellgren (1953)
believes that mstead of a collagen turnover & formatrve process and a de
structive process may be operating independently & & Probably collagen
has little 1mportance as a source of protemn because of 1ts insalubility

CHEMICAL PROPERTIES
Formerly collagen was called ossein 367 It 15 an albuminord (scleropro
temn) substanec®®® % and 1s composed essentially of several mucopoly
saccharides combined with a proten of unknown nature *7 Polysaccha
rides are present 1n collagenous tissues (1 28 per cent glycoprotein mn 0¥
tendon of Achilles) 41" 195 and their sulfate binds the fibrils together 7
MPS forms part of the collagen molecule ® 1s related to the determination
of the length of the internodes in fibnls,?* and 15 essent1al 1 the maturation

f collagen ™*
° Collagen contams much fe s sulfur than keratin 1 The sulfur content
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of lnde collagen {pre umably bovine shin) <hould be abeut 01510 02 per
cent while collagen from the middie Ia er of the dernus contains sbout 0 3
per cent 3® These volumas are based on the tenet that the only sulfur-
costainng amino ands n the collagen moleenle are meth 3% and
ey ctme

The total nifrogen value of the 21 amino acids found w extracts of eof
fagen 1« about 186 per cent ** About one third of the total amount af
smme acid residue w the collagen moleeule has been e timated to be ghy
ane*t Prolime and bydrovy prohine sepresent asother thard of the mole
cule and the remaming third 15 made up of other amino sexds #+ Hy drovsy
probness probably the most characienstic of the ammo acds 1 the varous
types of collagen®® In contrast to nstones collagen contams a low per
contage of most essential anno acids and does not contmn cysteme mwe
thionine try ptophane or tyrosine ¥ However 1115 subjeet to some altera
tan beeruse the total amount of eollagen and the degree of onentation of
collagenous «tructures tend to merease with age

The lecular weight of collagen 1s about 39 000 a3 determined
from the stuno amd distnibution The real moleculsr neight 19 dicated
23 besng 1 the mathons with about 10 mithon baving been <uggested for
atid extracted shan collagen® The woelectric pomnt of collagen appears
1o be related to the source and treatment g en the matenal to be extracted
and the method of extraction of the sample It has been shown that the
woelectre pont of natn e hyde collagen ranges from pH 701078 but for
limed (alkah treated) hides presumably of cattle it 1s shifted to about
TH § 32

Collagen dsffers n vatious pecies of ammals™ 3 49 gnd m 1anous
structures m an wdnidual®® 2 ¥ under different conditions of age or
nutrition ¥ 82 3 and ag a result of different conditions of extraction #* o
300 e Pubrgeted collagen 1S alwo affested by the degradation of the
native collagen 38 410 § 5 905

COLLAGENASE

Collagena e 1s a term apphed to o proteslytie enzyme consdered by
Maschmann (1937 1939) 10 hus deseription of proteases that were obtamed
irom filtrates of Clostridium welchu and three other speetes of Clostnd
wim *3 The term collagenase actually meludes a group of eollagen destrue
tiie enzymes the most potent preparation of shieh 15 2 mixture obtamned
from € hastolytieum *

Sev ernl enzy mes alter collagen in one way or anather but 1t 1s vometimes
diffieult to deterrme the mode of action of the enzyme Neuman and Ty tell
{1920} belies e that natice collrgen 1s attached only by pep in and certamn
enzymes of O welchn and © histolybicum *= Harron (1900} states that



314 LIMPHOCYTES AND MAST CELLS

NATURE OF COLLACEN

The nature and functional relations of collagen are extremely diveraified
Robb Smith®*t points out that 1t 15 1mpossible to be certain whether the
samples of collagen used 1n various methods of mnvestigation, such as cherm
cal or x ray diffration, would be d as coll. by the histol
The importance of collagen 15 indicated by Gustaveon,®® who states that
about one third of the total mass of protems m the body 1s collagen Col
lagen, usualily remforced by a certain amount of clastm, forms by far
the major part of the intercellular substance which binds or cements cells
together 3% Tlus 1s especially noticeable m certamn epithelia, such as the
shed eprdermus of salamanders and frogs and 1s always present as the base
ment membrane connccting cpithelia to connectrve tissue 3% Ditinctron
betw een the two kinds of fibers 1s supposedly easily made because collagen
15 PAS negative and reticulin 1s PAS positine ¢ However, in attempts to
determine whether pseudoxanthoma elasticum 1s a dystrophy of the col
lagenic or elastic fibers in the shin, mdications were found that the elastase
In this matenal probably acted as 2 mucase by dissolving the mucopro
teins®™ that bind the components of molecules and fibers together to form
collagcnous tissue 9 130 38 TIn shins and hides, collagen forms 90 to 95 per
cent of the solid found 1n the corium 7 and about 72 per cent of the total
dry waght of normal human skyn €

Collagen changes with age Neuberger and colleagues (1951 1953) show
that the metabolism of rat tendon collagen 1s more rapid 1n young than m
old ammals, as 1ndicated by the gan and loss of 1sotopielgly cine %° The
solubility of collagen 1 acetic actd also progressively decreases with age® ©
Collagen 1s relatively mert metabolieally at all ages but the total amount
sncreases with age ® ¢ However, 1t 1s doubtful 1f advanced age m ttself
causes a notable mncrease 1n the total amount of collagen Kellgren (1953)
beheves that mstead of a collagen turnover a formatne process and a de
structive process may be operating independently 8 ¢ Probably eollagen
has hittle importance as a source of protein because of 1ts nsolubihity

CHEMICAL PROPERTIES
Formerly, collagen was called ossem %7 It 15 an albumnad (scleropro
temn) substance*® 9 and 1s composed essentrally “of several mucopoly
caccharides combined with a protem of unknown nature *? Polysaccha
ndes are present n collagenous tissues (128 per cent glycoprotein m ox
tendon of Achilles) 41 108t and their sulfate binds the fibrils together 47
MPS forms part of the collagen molecule #9 1s related to the determination
of the length of the internodes in fibrils 3 and 1s essenttal 1n the maturation
of collagen 3*

Collagen contuns much less sulfur than heratin 41 The sulfur content
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sue 38 Investigators do not agree on the nature of native collagen3® 367 41
or on 1ts mode of devel t to form coll fibrils 491 51° A vahd
reason for this disagreernent may be that almost anything done to native
collagen mcluding dehydration®® # % %82 and hydration3® 863 alters it
Al o, 1t 15 well known that boitling m water converts collagen to gela

tin 407 103¢ Thys the manner of preparation of the collagen sample may
be reflected 1n the results of 1ts chemical analysis Jacobson*'® states that
‘nothing 1s hnown of a specific factor mnducing the formation of erther col

lagen or elastte fibers which are histologically very similar 1n embryonic
and granulation tissues 3%° However Kulonen®® points out that recent 1n

vestigations employ ing electron mucroscopy and x ray diffraction have re

vealed the composition of collagen but work on the ‘arrangement of the
ammo acids i the polypeptide chamn  remains 1n the progressne stage

Other 1nvestigators have been able to produce elastin from prepared col

lagen and by the use of the enzy mes collagenase and elastase, and electron
photomicrography to show that structurally eollagen in young indrviduals
18 composed chefly of elastin 510

Long before the advent of the electron micro cope collagenous fibers
and bundles of fibers w ere recogmzed to be white or collagenous, connective
tissue 1n cartilage fasciae ligaments, tendons shin and other structures—
and to impart 1nelasticity and strength 38 393 478 746 YWhite fibrous con
nective tissue contams a high percentage of collagen (316) for bovine
tendon of Achilles*! 9% Vyhereas white fibrous connective tissue 1s 2
collagenous tissue, 1t should not be considered collagen because 1t contamns
about 4 per cent of other proteins %

Collagenous fibers are the most prevalent of three types of fibers (col
lagenie, reticular and elastic) found in the connective tissues 478 748 Also,
collagen 15 present in the connective tissue of peripheral nerves Aber
crombie and Johnson (1946) report that peripheral nerves of the rabbit
contam 3 2 per cent collagen and a similar value has been reported for
the peripheral nerves of the cat ¥ However collagen does not occur 1n the
central ner\ous sy stem?*©? 35! except in the walls of blood vessels as has
been demonstrated by histochemical methods $5

8lun 1s nich 1n collagen and most of the collagen used i chemreal re
search 1s extracted from hides 3% Few attempts have been made to corre
Iate the mast cell population of the shin with collagen content or with age
changes 1n man or mammals However Hill and Montgomery (1940) ex
amined skin specimens from unexposed regions of the body of 20 autopsied
people ranging 1n age from newborn to 78 years Ejn (1936 1937) ex
ammed 718 shin <amples of various ages taken at autopsy from exposed
areas of different parts of the human head forearm and back of the hand
Each of these w1 estigators reported finding mimmal age changes mn the
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pepsn fairly well digests collagen, but that try psin has only a shght effect
on1t* Denatured or swollen collagen 1s much more readily spht by tryp
sin and other protemases than 1s native collagen which 1s practically non
susceptible to proteoly tic enzy mes unless swollen or otherw ise denatured 3
Collagenase 1s speaific for collagen, but Robb Smith®® cautions that col
Ingenase “1s not avalable in any thing like a pure state ’ He further pomts
out that the “collagenase of Clostridium tovin, prepared from filtrates of
the anaerobic bacteria belonging to that genus 1s very mmpure <o that “one
has no real idea what other enzymes may be present m a bacteral filtrate ”
Thus statement 1s supported by the finding that C welchu Type A filtrate
contains apprectable amounts of lecithinase, hyaluromdase and several
other substances which have 11l defined brochemical and brologieal char
acterstics 863

Denatured collagen 15 more readily sphit by proteinases than 1s native
collagen which 1s scarcely affected by proteolytic enzymes unless it has
been denatured Proteinases of the cathepsin group do not have any acton
on collagen w2 v1z 0 because these enzymes require 2 pH of about 53 Thus
proteolytic enzy mes have little or no effect on nattve collagen unless 1t 18
subjected to conditions such as are produced by the addition of hydro
chloric acid which hydrolyzes and loosens the fibers, or by the addition
of other agents which cause sw elling of the collagenous materal 3%

Gustavson®® ponts out that unsuitable substrates such as reconstituted
or denatured colligen preparations have been used mstead of native col
lagen 1 most of the investigations of collagenase actnity  Thus Na
geotte s ‘collagene A paper (paper inpregnated with aeid estracted col
lagen) and ‘Azo coll (hide powder coupled with certain azo dye tuff) have
been uscd 1n the majonity of investigations 8

The numerous forms of Clostridium  are anaerobic spore beanng, gram
positive rods 4% and some 1f not many of them are capable of producing
collagenasc®® #&¢ and gas gangrenc *° 3% 8% Thus numerous mvest!
gators behieve that the ability of these orgamsms to produce collagenase
intimately connects them with gas gangrene and collagenous di eases B

Collagenase 1s specific for collagen but 1t has been pomted out that as
yet 1t 15 not avatlable m any thing like a pure state the confusmng results
obtamed by using C uelchn ton or other bactenal filtrates probably 1n
dicates that enzymes other than collagenase are also present 863 Qbytously
theu e of collagenase will be imited as an aid 1n 1dentifying collagen until
this enyzme 1s avalable 1n pure form

PINSICAL CHARACTERISTICS
Collagen 15 an amorplious essentially free substance in the tissue flurd
1t 15 considered to be 2 constituent of ground substance 1n connective t1s
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vealed by the electron microseope and by various applieations of ¥ ray
diffraction and other means 2 83

The termnnology meaning and connotatson of the terms used by various
tndividuals snvestigating the ongm of collagen are hittle <hort of bewalder
sng A Neuberger mtroduced this problem on semantics for discussion
by members of the Faraday Soctety in a mecting at King s College London
11953 Members of the group, designated 1s D1 cussion G considered the
question at some Jength Appsrently although all dishihed the use of the
term “procollagen* they diseussed standarthzation of the use of ubstitute
and other terms meluding collagen precursor athah soluble collagen acmd
<oluble collagen, extracted collagen and coflagen A~—but took no action ® ¢

POLYSACCHARIDE IV COLLAGENESIS

The concencus as previously mdieated appears to show that collagenas
essenbanlly protes in nature and that i s beld fogether by an nterfibnliar
AMP comentum If this 1s the ecase the direct refation of mast cells to col
lagenests ts that these cells may supply the AMP 7535 9 {0 bind the
collagenous fibnllae and fibers together to form collagenous tisgue It has
also been suggested that the AMP may form part of the collagen molecule?
and that it 18 essential 1 the maturation of collagen 3 The indireet rela
tion of mast cells ta collagenests 1s related to ther abiltty to produce hy per
emia and mereased capmillary permeabnlity with protein Jeakage chiefly by
the release of histamine and heparm f the serotonin that 1s released from
wast cells plays a role wn collagenests 1t would be expected to function
through its vascular effects Hem®® suggests that the polymertzation of &
formiess precursor substance probably the presence of an unknown mn
fluence exerted by living fibroblasts as a presequistte 1s resp ble for the
formation of collagenic protofibnls and fibrils

1t has been suggested that the formation of collageme fibers may myvohe
both soluble proten and & MPS Just bow the two fractions are aecgeiated
15 not elear ¥ Bow es and colleagues® state that dispersion mvolves the dis
souation of the MPS fraction %hueh would implicate & reverse protess
Other snsestigators have presented strong evidence showing that AMP

pposedly chondrastin sulfate) as a stalalizing agent i the
process of com erting soluble to 1nsoluble (mature) collagen 130

Bowes and henton {1900) and Partnidge (1948) behiese that the mter
fibrllar cement wiich bolds the collagenous fibers together s probably
chondroitin sulfate or that 18 1s 2 sumilar ANP ¢ Jackuon®? relates the
10 s hnking of collagenie fibers to this AMP cement <ubstance and be
tieves that AMP as posatbly important to the stalabty of conneetne i ue
sod that thes relation Inp may be a sigmficant factor to be considered 1n
the pathogeness of collagen diseases
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dermal collagen from the various exposed and unexposed areas of the hu

man subjects, but they did find a defimte age correlation n fragmentation
and degenerative changes 1n the dermal elastic fibers *7 The worh of Sund

berg® on the mast cell population 1 the wall of the norta, vena eava,
subclavian and external 1hac vems of 145 autopsied bodies indicates that
there 1s not o well defined correlation between the reduction of mast cells
and advanced age in man

Formation of Collagen

There are v arious theoretical explanations of the onigin of eollagen, and
many explanations of 1ts chemical structure 3% 8 3 917 How ey er, compara
tively hittle1s defimtely hnown about the origin or the chemueal structure of
native asoppo-ed to extracted, collagen Numerous 1nyestigators have em
ploy ed nearly every known method of approach to the solution of these tno
perplexing problems, as well as to the <olution of problems related to the
chemustry of the development nature and environment of native collagen
and the reconstitution of collagen fibers from extracted collagen 3¢ % 38 4

One cause of difficulties in determining the origin and nature of collagen
15 that extracts of formed collagen are often impure 8 ® #8% 949 It 15 almost
mpossible to do anything to native collagen without degrading 1t 8 & 8
In addition there are many kimnds of collagen n 1arous structures of a
sigle organism ®® ¢ 3% Furthermore, collagenase the supposedly spe
aific enzyme 1s not available m a pure state 863 Thus, these factors and
other conditions indieate that the investigation of the origin and structure
of collagen presents the familiar problem of how to interpret unhnowns 1
terms of unknowns

It has been known for several years that collagenic fibers and bundles
of fibers may be disintegrated by dilute acetic acid to form a colorless
11 cous flud and that collagenous fibmls may be re formed by treating
this viscous flmd under proper conditions and with the proper amount of
sodm chloride 9 38 33 0 Theee reconstructed ultramicro copc fibrils
<haw the same cross banded structure with varying intervals between the
striations, and othernise resemble natne collageme fibnls when compared
under the electron micro cope # 393 96 Honever 1f the acid solution 13
heated striated fibnls cannot be obtamed from the degradation product? *
becauce heat changes collagen to gelatin When hydrated by boiling 1
water, tough collageme fibrils and bundles arc changed mto amorphous

gelatin 3% 50 [n short 1t appears that much of the as mlable information

f collagen 1 hased upon deductions drawn chiefly from

mat10n of
on the for! and

work concerned with the dis<olution of collagenous connective tissues

reconstitution of the characteristie eross banded collagenic fibnls as re
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are collagen precursor,® * collagen or coll! fibnils #3908 pre-
curcor sub 39383 11 497 905 90 protofibnls®® and tropocol
lagen3s 906

Procollagen Procollagen was so named by Orekhovateh (1920) who tm
plied that ‘1t 1s a precursor of n<oluble collagen and sal<o stated that,
although never abundant 1t occurred 1n the connectrs e tissue of young am
mals in the greatest amounts and progresstvely dimm hed with age ® © The
procollagen of Orckhoviteh and co workers {1952) 13 an acid  oluble pro
tein resembling collagen 4 Tt 1s a fibrous preaypitate obtamed by u g a
catrate buffer at pH 35 mn extracting the connective t1 sue ® However
thrs tenet has been somew hat shaken by the turnoyver studres by Harkne s
and co workers* of the meorporation by <hin collagen fractions of alpha
C labeled gly cine admimstered to rabbits 8 Neuberger and others (1923}
object to the use of the term procollagen beeau e 1t presuppo es that a par
tieular collagen fraction 1s actually a precur<or of msoluble collagen 3%

Tropocollagen Schmudt Gro s and Hight (1925) uced the term
tropocollagen to designate a parent collagen that was compo ed of proto
fibnllar particles that had lengths of 2000 A ormore which they obtamed
by dialysis of extracts of collagenous connectrse tissue They <uggest that
tropocollagen 13 synthe 1zed 1n the cells and that 1t 1s later converted mto
the characten tic fibrous form 1in the ground ubstance®® Boedt and
Doty (1905) determmed that tropocollagen const ts of rod haped par
ticles that have a length of 2000 A a diameter of 14 A and a molecular
weight of about 300 000 3%

Schmudt Gross and Highberger®® dialy zed a <olution of 1chthy ocol and
alpha sed glycoproten From the filtrate they obtained electron photo
micrographs {x 20 000) showing elongated tactoidal particles which they
suspected of bemng compo ed of only a few trophocollagen particles This
cugge<ts that possibly the mext step o the formation of collagen fibnis
from tropocollagen would be expected to be the aggregation of a few tropo
collagen particles to form the elongated tactordal particles

Protofibrillae Ham?* cuggests that polymenzation of a formless pre
eur or substance, probably n the presence of an unknown 1nfluence ex
erted by Iising fibroblasts as & prereq 15 le for the forma
tion of collagenic protofibrils In the structure of collagen protofibrils are
con idered by Bear (1952) to be Imear aggregations of 12 by 640 A, each
of which may indieate the domain of & collagen molecule thece protofi
brlize are believed to be parallelly pached to form the collagen fibnl %06
There 15 no apparent differentiation between Bear s term  protofibnl * and
Gu taveon s or Schmdt Gross and Highberger % tropocollagen

Ascorbic Acrd Defictency of vitamin C results 1 defectrs e wound heal
InZ1n oft and =upporting tissues becau e there 19 interference with the
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A t on the histock try involved may be 1n order at this time
Jacobson'™ ponts out that 1t 1s impractical to stam precursors of collagen
by the Hotchkiss (PAS) method, for the more soluble material 1s dissolved
out Also, 1t 1s impossible to sce precursors of collagen m scetions or 1n tis
sue culture w1th an optical microscope # 8 It, 1s claimed that the distinction
between collagen and reticulin 1s readily made Collagen 1s PAS negative,
whereas reticulin 1s PAS positive 5% Both water soluble and water meolu
ble AMP are PAS positive *°® 5 9 530 Collagen stains readily with ambne
blue by Mallory's amline blue method, % 53 but 1t 15 said to be PAS
negative 31¢

PRECOLLAGEN

Most attempts to 1dentify preeursors of collagen have been made by
analy<is of degraded collagen which was obtained from extracts of shin®
or rat tail tendon, ' or by studying the reconstitution of collagen from
such extracts % 3% 570 Harkness and colleagues (1954) mcorporated alpha
C! labeled gly cine 1nto soluble collagen that was extracted from the skin
of young rabbits and they obtained three forms of collagen by yarying
the extractton procedures $3° One of these forms which w as obtaned by ex
traction with acetic buffers, such as citrate pH 40 was found to be essen
tially the same as the <oluble collagen of earlier French workers and to be
1dentical with Orekhovichs (1950) procollagen ®° The other two were
1dentified as an alkali soluble collagen and “mature” insoluble collagen
Each of these collagen fractions had a well defined individual character
1stie mode of incorporating the labeled gly cane %9 The reconstituted fibnls
from these collagen fractions as well as from those obtained by Schmidt
and co worhers,®® 8 are readily identified with the electron microscope
by the distance betw een the cross strsations The fibrils of one fraction have
1ntervals between the striations of 640 A as n native collagen A second
type of fibnil  fibrous long spaced” (FLS) has intersals of axial periods
0f 2000to 3000 A thethirdtype segment long spacmng’ (SLS), has' axtal
pertods several tunes that of native collagen  and other characteristies

The substance which would meet all requirements for a precursor of cot
Jagen has not been 1dentificd Jacobson (1853} pomts out that precursors
eannot be seen 1 cultures or sections with the optical microscope and that
preparation of tissues for differential staimng espeeially for PAS treat
ment which does not stan collagen 5% would remos e the more soluble ma
terial & #

The concept of an unkpown, early pre or pro substance being the
source of collagen 15 respon<ible for the introduction of several scemingly
£y N0NY MOUS terms each of which ss a8 apparently considered by ats svor;or
to have a special connotation Some of the terms used 1n this conneetion
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gense cells of the ehich in three t3 pes of gumea pig plasma The cells vul
tured m plasmaa from scorbutic pigs formed very few fibere Cells cultured
i plasma from scorbutie pigs which had been treated with large do es of
wscorbie aesd for <en eral day s before the serum was obtamed and cedls eul
tured 1 =corbutie placma to which ascorbic acid erystals were added
formed fibers as rapidly nsn normal plasma

Dentine a polysacchande which contams @ <ufphate of hexo ammne
does not develop 1 the ab ence of ascorbie aerd Ab ence of vitamun €
€3t e» abnormal mutotie divicions and the formation of large abnormal
nueleolar masses contmimng nbose polynucleotides 1 the od bl
and hemorrbage in the pulp of the teeth ®® These effects are partly ¢x
plamed by the fact that dentinal protesn 13 cellagen * * and that ascorbre
seid eontrola the funetion of mesenchymal cells™ which form the collagen
fibers in the orgame matra of dentine Fortunately 1t 15 clanmed that hu
man tecth are not as suseeptible to the effects of msuffietent ascorbe acsd
a3 are the teeth of experimental ammal *** W olbach and Howne suggested
that scurvy presents jell formation mtheteeth  asevidenced by the pulp
being eparated from the dentine 1n cetroned human teeth Ham and Elh
ott 3% hos crer beliese that ths conclu 1on may be based upon an astsfact

Ascorbic aetd has my cellaneous functions 1n the normal metabohism of
several AP It may function m the synthe 15 of glucurome acid which 1
2component of mo t ANMP Alco 1rtamn C may heimvolied 1n the svathe
<1 of 4 VP that are polymers of acid ugar 'S and 1t may function m the
poly menzation of AMP as mdicated by a lower degree of pols menzation
ef the e poly saceharides 1 the ground substance of corbutic gunea prgs 12

Small amounts of ascorbue aesd are requred for normal metabolism All
anuaals eveept gusnea pigs monheys apes and man are able to synthe ize
accorbic amd presumably from gluco ¢ ® Wekls'¥t «tates that metachro
ma 1a sppears in the ground ub tance and that other proce <e  <uch as
‘aseularzation and fibrillogenem  become vormal wathin 6 te 312 hours
after grong vitamin € to corbutie guimes mg~ In addtion sscotbie and
1« probably not a precursor or a componesnt of collagen as indieated
studies in » hich carbon fabeled ascorbic acid was myected inte gunea mgs
The radwactive aveorbic and w a3 partsally exercted m the unioe as caleum
oxalate but most of 1t was ehmmated 1 the form of earbon diovuide 712

The beneficial effects of o corbic acid e ome conditzons of wound heahing
may be due to functions in regulating capllary permeability and to g fune
tion m detoacation A corbic acid has been con idered to maintam the
balance betwcen the <o called preading factor (hyaluromda ej and HA
and to mamntain proper conditions m the cement sub tance of blood eaps!
lartes®® and mn the perna cular ground ub tance % This function would
explan the mereased vascular permeability which Tmagasn 2t de crbes
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formation of fibroblasts and collagen Vitamin E 15 also neceseary for the
formation of collagen and consequently for the proper healing of wounds 3
;1“)}71’0 In«togenetic sequence of the functions of vitamm C 1s established 1006
The absence of ascorbic acid results m scanty reticulin and the failure
of fibroblasts to deselop collagemie fibnls and to produce extracellular
metachromasia, which 1s indicative of amorphous connectrs e tissue ground
substanee The absence of ascorbie acid affects bone matrrx, dentine, cartt
lage non epithelial cement substances fibrous tissues, oral mucosa,*®* mus
cle fibers, ey elids eonjunctivae, heart, seroa (by ascrtes), ly mphatie tissue
and adrenal glands % Vitamin C defictencies greatly reduce or even destroy
binding and supporting conneetrve tissues 1n both young and adult expert
mental mammals 8 96 394 407 715 746 &3 1084 Tiy5 conditron responds to
the addition of ascorbuc acid to the diet 78 746 83
The relations of ascorbic acid to reparr and growth are so far reaching
that minor deficiencies may have surprisingly deleterious effects on col
Iagen formation Lack of vitamin C has been reported to cause the dis
ruption of healed wounds and fractures of many jears standing 193 109
Ham and Elhott?* suggest that ascorbie acid deficiency doe< not accelerate
destructive processes but does cause fulure m the formation of new connee
trve tissue ® The callus of presvious fractures may be partly resorbed and
again becomes the <ite of fracture when ammals are subjected to 4 diet
that 1s defictent 1 vitamin C 7
Ground substance Connective tissue ground or mtercellular, substance
recer es and stores the crude or basic matersals for maintaming the normal
conneetive tissues and for the formation of scar tissue m wound healing
The ab ence of ascorbic acid 1s first mamifested in the ground substance and
subscquently in the formation of new connectrve tissue Obvious effects of
seurvy 1n tissues are attributed to the farlure of the connectrve tissue to
form new connective tissue cells and the failure of the formation of inter
cellular cement <uch as the basement membrane of epithelha 3% It has not
been established whether defective wound healimg m <corbutic gumea pigs
15 ‘m extracellular gellation or m the production of & precur<or or factor
by the connective tissue cell ®” The use of radiosulfate and radiophos
phate mdicates that seursy reduced and produced an accumulation of
poly merized products and that 1t drmimished the formation of sulfomuco
poly saccharide 32 Procollagen 1s reported by Orckhovich (1950) to be
lower 1 searbutic than in starved or normal animals # and to be the part
of the ground substance w hich 1s most strongly affected in avitamnosts of
C
“tTa::‘s‘:c culture methods indicate that vitamn C has a function m AMP
metabohsm Querido and Ganllard (1939) demonstrated the dependency of
collagen formatton upon the pre ence of ascorbie acid by culturing ostee



INFLAMMATION AND WOUND HEALING 32

ammal  Swanson, Sigal and hang (1938) found that nereased ascorbie
sexd has & protective action against the effects of diptherta toun on the
{eeth ¢ Damage of dentme and sometimes of enamel by dipthena toun
15 proportional to the degree of svitaminosts C Usually this demage may
be prevented by ad mereased 8. ts of ascorbic aeid 5

Function as hydrogen acceptor Ascorbie sard may function as a hydro
gen acteptor in the normal metabolism of AMP Several relations indicate
that ascorbie acrd 18 tmporiant m the oxidetion of glucose to glucurome
acsd It has been established that hydroascorbie acid 1> readsly reduced by
glutathione 298¢ Reversible ondation reduction between ascorbic acid and
sts ovidized form {dehydroascorbic aeid) s the most sigmficant chemieal
property of ascorhie acid 1% Tt has been postulated that this vitamm acts
a3 a reducng or oxzdizing agent but speeific substances affected by it have
not been 1dentified satisfactondy 195 Aseorbne acd (AA) 15 the reduced or
storage form dehydroasconie acid {DHA) 1s the oudized or active form
These two forms oceur i some sort of equiltbrium m which the actual
amount of AA greatly exceeds that of the DHA form Perhaps this bears
some relation 1o the fact that DHA may be reduced to AA {whichsre
versible), or DHA may be metabolized to the srresersible non s famin
form diketogutome scid 1994

Phy si0} hate not pted the function of the oudized form of as
corbie acid as a hydrogen acceptor wn anmmals as freely as in plants Bro
bech 118 states that evidence mdicates that ascorbre acrd functions mn hy
drogen transport 1n plant metabolism but a similar function has not been
verified m ammals Methlejohn®® ts that the reversibity of the
oudized and reduced form of aseorbie naxd  seems to assure for 1t a role
mtissue odation  Bach® states that hydrogen transfer mn plants 1s medh
ated through the glutathione ascorbie awmd path However ke cites Bar
ron (1939) who pomts out that most investigators do not eonwider ascorbie
aerd as f dat d 8y stems

The re\crsxbmc:‘ of the AA and DHA forms of ascorbie acid often de
pends upon the mumultaneous reversibility of glutathione Ascorbie acid
and 1ts oudation products may have a cataly tic fanction in the formation
of 8—bonds betw een protemn and collagen or may function 1n the oudation
of orgame sulfur to sulfates® Bach® points out that ascorbic acd 151
strong biologienl reductant snd that 1t may be n reactivstor for SH
groups as well as glutathione mamtasning ascorbie aud 1n the reduced
#ate Numerous other substances mncluding adrenalin and purmes with
free amuno groups (eg xenthime une aed and theophy lme) mhubit the
oudation of vitamun C % Some substances such ns flavones stabilize as
corbie acid and also cataly ze oudation 1n Jow concentration # Needham 3
conaiders that the function of vitamm C m the synthes:s of AP 1s due to
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mn scorbutic gumea pigs, and the hemorrhagic syndrome mentioned by
Clark'® 1n human cases of insufficient vitamin C In addition, wounds 1n
scorbutic men and amimals do not have increased phosphatase 18

Ascorbic acid has a capaaity for preventing or mmunnmizing the toxic ef
fects of an imposing number of different conditions, drugs and mmerals
The<e mclude alkaptonuna (tyrosmosis), analgesics, certamn ancsthetics,
antipyretics arsphenamines, barbiturates, barium, Benzedrme (ampheta
mune), benzene, bismuth sodium thiodiglycollate, gold chloride, certam
hepatoxic agents, lead, certamn conditions of leukopenia, certain mfectious
diseases, mercunial diureties, certain test reactions (e g, tuberculn reac
tion), nfluenza virus, “certain strains of poliomyelitts,” procaine, sulfon
amides (especially sulfapyndine)}, toxins of seyeral bacteria and trichlor
ethylene,’ certain steroids, phenol tetanus toxin®™ and other substances
Bicknell and Prescott™ review the hterature on ascorbic acid 1 detovica
trons of many substances mncluding benzene Detoxication of benzene also
oceurs by conversion to phenol, and by conjugation with glucuronic acid 47
It 13 believed that detoxication by ascorbic acid 1s not the basis for its antt
scorbutic activity 378

Meiklejohn®?® notes that some of the ailments for whieh ascorbic acid 13
used ¢ have nothing 1n common with scurvy ” He believes that the 1dea that
ascorbic acid 1nereases resistance to infectton and awds i detoxification
procesces 15 founded on dublous clinieal and laboratory evidence’
Nevertheless, Licthman®3 and others call attention to the fact that carbo
hydrate and a denivative glucuronte acid, partictpate 1 “special chemical
reactrons which transform certamn poisons nto relattvely mnnocuous sub
stances

The method by which ascorbic acid functions in detoxication has not
been determined Bournc® considers that mtracellular ascorbic aeid may
detoxify touns within the cell and that it may function by attaching to the
molecule to make substances water soluble m a manner sumilar to that
proposed for the adrenal gland in which vitamin C makes corticosteroids
water soluble Because glucuronie acid has been credited with the ability
to detoxicate some of these substances consideration should be given to
whether ascorbic acts directly or has an indirect function 1n the ovdation
of glucose to glucuronic actd The relative sigmficance of the drrect action
of ascorbie aexd as compared with its mdirect effect in the formation of
glucuronie acid, has not hecn recogmzed

Ascorbic aeud has been considered a determining factor in the yirulence
of the dipthena toxm Bicknell and Prescott™ review the controversial

ubjeet They paint out that many workers have stated

n this s
hiterature o e

t the degree of virulence of a standardized dipthersa tovin, as me
S;athe guu%ea pig essay 18 dependent on the ascorbic acid mtake of the
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and assocrates 37 found that healing was not delayed in non infected
wounds 1 neutropente gumea pigs, however, when mfection occurred m
control ammals poly morphonuclear leuhocytes accumulated, but were ab
sent 1 the neutropemc animals at the site of the wound

Thobak and collaborators * found that protern deficiency caused a del vy
m wound hehing m rats from the 3rd through the 5th postoperative day
and that cieatrices in these rats had a low tenstle strength which was at
tributed to the fatlure of fibroblasts to form reticulum and to delay n the
transformation of retention collagen into mature collagen Other mvest:
gators have found that proten defictency delayed the rate of wound heal
ing but that it beeame morphologtcally normal after the addition of meth:
omne to the defierent diet ** Some of the creatnees that sometimes form
after an operation {or glaucoma ¥ may be duc n part to protem deficieney

Most condttians which are favorable for the grow th of fibroblastic tissue
are also favorable for epithehal proliferation However, Olson and co
workers™- point out that urea ¢an decrease the formation of epithelium,
and merease the formation of granulation tiesue They found that urea re
tards the formation of epithelium mn st 1n wounds that are healmg by granu
latron but that 1t shimulate. the rate of formation and cxtenston of granu
lation f1ssues 1n rabbits

Some agents that have bttle effect on wound healing are usually those
agents or substances that have little effect in increasng or decreasing
lymphod tissue For example Carrel and co workersi$? found that the rate
of heahing of wounds w as not modified by dressngs impregnated with tis
tilled water or with hypertonte sodium chlonde olution Haweser, sub
stances such as benzpy rene dissolved 1 oltve o1l (10 and 007 per cent)
produce a shght temporiry delay 1 the early stages but this eflect was not
evident 1n the last stage of the healing process ®3

Extracts of embry onic tissues stimulate growth m t1ssue cultures and the
healing of wounds 79 73¢ Injections of embryome extracts ™5 1074 extracte
of adult t1 sues % nucliotidests? 3 and allantom?™® 88 nerease wound
healing under experimental conditions Needham™3 <tates that the action
of embryome extraets 15 due to 1ts  growth promoting substance’ One
growth promoting prineiple of animal tissue was found to be smular to
that 1n yeast and to contain adenme guanme pento e and phosphorous
however 1t did nat contun protemn py ridine or sulfur 818 Carrel!4 14 pre
{erred plasma that contained leukocytes to tissue cxtracts VMorosov and
Striganos a™? report that wound healing in rats was more rapid had less
mﬂammatmn, and had more ranulation when treated with human embry o
extracts than m the untreated wound of the opposite side whieh served as
a control Wilmer and colleagues found that the effect of embryo extract
1s so strong that 1t mitrated new growth mn t1 sue cultures after grow th had
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ascorbie acid transferring oxygen to glutathione, and that oxidized gluta
thione actrvates alkalme phosphatase

Synthesis of glucurome acid The cffects of a deficiency of ascorbic acd
suggest that 1t has a function 1n the synthes:s of glucurome aerd, but not
the synthesss of glucosamime which 1s not decreased m scorbutic pigs %t
Quuck?*? states that the two scorbutic guinea prgs used m their expertment
synthesized glucuronte acad Miller, Sichrs and Brazda®® also found that
gumea mgs on 2 vitamm C free diet were unable to synthesize glucurome
acid, “or that the synthesis proceeds very slowly ” Mosbach and King™®
state that scorbutic gumea migs can synthewize glucuronic acd, but they
caution that this may not be indicative of the normal method of synthesis
smce ‘ the mechamsm of glucuromde formation may differ, depending on
the need of the animal for glucurome acid for detoxication or svnthe 1s of
tissue uronide

Failure of the oxadation of glucose to glucuronte acid may alter the
svnthesis of ascorbic acid because glucuronie acid, m turn, 15 a source of
vitamn C Although, as Kin,, points out, there 1s no clear evidence that
indicates the actual precursors of ascorbie acid 1n plants and animals, glu
curonic and galacturonie acid are common nutrients which might erve as
precursors 18 Glucose 15 a ~ouree of ascorbic acid, as mdicated 1n several
types of experimental studies and radioactive tracer studies have alwo
shown that gluco e1s the source of ascorbie acid 1n rats, ® and probably in
many mammals except guinea pigs and primates Jackel® ¢ used radio
actrve tracers and found that glucose 13 a  ource of ascorbie acad mn rats
He and hic co workers report that the carbon chain 1s used directly in this
synthesis 26 Guh1 and Ghosh (1934, 1935) suggest that other hexoses pro
duce greater mereases m the synthests of ascorbte actd They state that
mannose produced the greatest mnerease mn the sy nthests of ascorbic acid m
plants and animals Von Sztareczky (1938) also considers manno ¢ a pre
cursor of vitamim C 18

PROTEIN IN WOUND HEALING

Most conditions which decrease wound healing have a systemic effect in
decreasing the extracellular plasma proten level Thereby these conditons
also lubit intracellular retention of protem by lymphocy tes and plasma
cytes A decreased rate of wound healmg 1n patients and antmals that re
cenved prolonged admimstration of corticone has been well established
N\ rays mitrogen mustard adrenocorticotropic hormone (ACTH), corts
sone nfection, suppuration chronte chemmeal 1rritation foreign bodies and
r1ous other lymphopenie agents also delay heahing Although the admin

namide drugs may produce sulfanemia Cannaday 139 re
aling Lawrence

va
tration of sulfo
]pso:?s that this conditton did not interferc with ound he
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and associates®™ found that healiny was not delayed m non infected
wounds mn neutropenie guinea pigs, however, when infection oceurred
control ammals, poly morph lear leuhocy tes lated, but were ab
sent i the neutropenic annmals at the stic of the wound

Tobak and eollaborators 3 found that protein defictency caused a delay
1n wound healtng n rats from the 3rd through the 5th postoperative day
and that cicatrices i these rats had a low tensile strength, which was at
tributed to the failure of fibroblasts to form reticulum and to delay i the
transformation of retention collagen into mature collagen Other nvests
gators have found that protein deficiency delayed the rate of wound heal
g but that 1t beeame morphologieally normal after the addition of methn
omnc to the deficient diet 7°5 Some of the cicatrices that <ometimes form
after an operation for glaucoma * may be due 1n part to protem deficieney

Most conditions w huieh are fayorable for the grow th of fibroblastic tissue
are lso favorable for epithchal proliferation However, Ol on and co
workers?™ pomt out that urea can decrease the formation of epithehum,
snd merease the formation of granulation tresue They found that urea re
tards the formation of epathelium 1n skin w ounds that are healing by granu
lation, but that 1t stimulates the rate of formation and extension of granu
lation tissues 1 rabbits

Some agents that have hittle effect on wound healing are usually those
agents or substances that have lttle effect 1n mereasing or decreasing
lymphad tissue For example Carrel and co workers'7? found that the rate
of healing of wounds was not modified bv dres ings impregnated with dis
tidled water or with hypertone <odium chlonde olution However sub
tances such as benzpyrene di solved 1n olive o1l {10 and 007 per cent)
produce a slight temporary delay 1 the early stages but this effect was not
esident 1n the last stage of the healing proce s 933

Extracts of embryontc tissues stimulate growth n tissue eultures and the
healing of wounds 13 734 Injections of embryonic extracts,™ 0% extracts
of adult tissues 4 nucleotides*** ™ and allantom? © % merea ¢ wound
healing under experimental condittons Needham®™ states that the actron
of embryenie extracts 1s due to its growth promoting substance One
grewth promoting prineiple of ammal tissue was found to be eimilar to
that 1n yeast, and to contam ademine guanie pento e and pho phorous
however 1t did not contain protern pyndine or sulfur %18 Carrel?* 3 pre
ferred pla ma that contained leukocytes totissue extracts Morosoy and
Strganoy a”t? report that wound healing 1n rats was more rapid had le s
mfiammation and had more granulation when treated with human embryo
€xtracts than in the untreated wound of the opposite stde which served as
& control Wilmer and colleagues found that the effect of embryo extract
18 <o strong that 1t initiated new growth m tie-ue cultures after growth had
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ascorbic acid transferring oxygen to glutathione, and that oxidized gluta
thione activates alhalme phosphatase

Synthess of glucurome acid The effects of a defictency of ascorbre acd
suggest that 1t has a function i the synthesis of glucuronte acid, but not in
the synthesis of glucosamine which 18 not decreased mn scorbutic pigs 6
Quich®® states that the two scorbutic guinea pigs used m thetr cxperiment
synthesized glucuronic acid Miller Siehrs and Brazda%® also found that
guinea pigs on a Vitamin C free diet were unable to synthesize glucurome
acid, “or that the synthests proceeds very slowly ” Mosbach and hng™®
state that scorbutic guined pigs can synthesize glucuronie acid but they
cauton that this may not be mdieative of the normal method of synthess
since the mechamsm of glucuromde formation may differ, depending, on
the necd of the animal for glueuromc acid for detoxication or synthesis of
tissue uronde’

Failure of the oxidation of glucose to glucuronic acid majy alter the
synthesis of ascorbie acid because glucuronte acid 1n turn, 15 a <ource of
vitamin C Although, as King ponts out there 1s no elear evidence that
mdicates the actual precursors of ascorbic acid mn plants and ammals glu
curonic and galacturonte acid are common nutrients which might serve as
preeursors 1% Glucose 1s a souree of ascorbic acd, as indicated 1n several
types of experimental studies and radioactive tracer studies have al o
shown that glucose 1s the <ouree of ascorbic aeid 1n rats,*® and probably in
many mammals except guinea pigs and primates Jackel*? used radio
active tracers and found that glucose 1s a ource of ascorbic acid 1n rats
He and lus co workers report that the carbon chamn 1s used directly 1n this
synthesis #%° Guha and Ghosh (1934, 1935) sugpest that other hexoses pro
duce greater mncreases 1n the <synthesis of ascorbic acid They state that
mannose produced the greatest merease 1n the synthesis of ascorbie acid in
plints and 1mmals Von Sztareczhy (1938) also considers mannose a pre
cur~or of vitamm C 184

PROTFIN IN WOUND HEALING

Most conditions which deerea ¢ wound healing have a sy stemic effect 1n
decreasing the extracellular plasma protein level Thereby these conditions
also ininbit mtracellular retention of protemn by lymphocy tes and plasma
cytes A decrea ed rate of wound healing 1n patients and ammals that re
cenved prolonged administration of cortisone has been well estabhished
\. rays, mtrogen mustard adrenocorticotropie hormone (ACTH) corti
<one, nfection suppuration chrome chemical irritation foreign bodies and
yarious other Iymphopente agents also delay healing Although the ng;nln
1stration of sulfonamde drugs may produce sulfanemia, Cannaday™® re
ports that this condition did not mterfere with wound healing Lawrcnce
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aeid mecluble, or C portion that has a hgh concentration of deoxyribo
nucleic acid (DNA), and an acetone msoluble or E, fraction which 1s rich
m RNA

The formation of plasmacytes from lymphocytes in regtons of wound
healing 1s 2 normal process i vivo It contributes to fibrobla tic prolifera-
tion because the abundant cytopla m of plasma cells 1s very rich 1n RNA
whach 1s 1mportant m protem synthesis A number of works on the trepho
cytic relatrons of Iy mphocy tes 1n regeneration 1s reviewed by Needham 734
who concludes that the effectit e healing substances are nucleoproterns The
Ingh nueleoprotern content of thy mic material, which 1s pnmanly DNA
promotes regencration

Excretory products of protemn, partrcularly urea and allantomn inerease
wound healing Maggots promote he aling of w ounds in mean 43 Stock raisers
ant Texas and other couthsestern states leamed nearly 2 cenfuries ago that
1f an indolent wound was nfected by ‘screw worms’ for a few days and the
maggots extermmated, the wound speedily healed Since the excretion of
the maggots contains urea, which 13 known to promote wound healing 1t
has been cuggested that the benefieril effects of maggot infestation on
wound healing are due to the destruction of necrotic tissue and the exere
tion of allantoin by the maggots 443 Imms*®! found that urea 1s as effective
as allantoin 1n stimulating healing when 1t 18 apphied to wounds He states
that ome non healing wounds m man <uch as < ray burns and osteomyelt
tis have been suecessfully treated with allanton and urea

The admins tration of protemns or their products 1s another method of
stimulating wound healing An increased rate of wound healing followmg
the application of various chemtcals has been attnbuted to hyperemia or
1ncreased yascularizaton The favorable effect of epicutan on the regenera
tion of muscle and collagen has been attributed to improved va.culariza
tion @ The rate of healing of expermmentally produced wounds has been

i by pre and postop 1ve treat, with varied agents, Juch as

ultraviolet radiaton of rats and dogs #°° porphy rn? ? and ealeium precipt
tating agents % Unguentolan a cod Irver o1l omntment suppo edly rich in
vitamin A improved wound healing over that obtuuned by applying a vita
min A free control eintment to shin wounds 1z gninea pigs ¢ Members of
the sulfhydry! group stunulated regeneration in the hermit crab 490 stymu
lated probferative reactron i the sk of gumea prgs 8 and mereased the
rate of healing of burns 2 p Thioeresol, a proprietary ¢ sulphydryl sub t1
tution product of eresol’ * 13 effective 1n promoting epithelial growth 1f
1t 13 applied after granulation has begun 3 The extent to which the e sub
stances mcerea ¢ capllary dilation and permeability has not been deter
mined
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ceased 73 However, Doljanski and Auerbach?® report that their expen
ments showed that embry ome extract, apphed locally, defimtely mhibited
wound healing in the shin of rate Extracts of adult tissucs hase also been
reported to stimulate wound heahng Extract of fow] heart strmulated the
growth of human epidermis 3
Necrosis and cell injury release growth promoting substances Loofbour
row and co workers®!® found that an aqueous extract of mmced embryonie
chick, newt or rat tissues, which had been previously mjured by lethal
ultraviolet radiation, contaned a growth promoting substance that was 2
10 9 trmes as potent as that obiamned from normal, non irradiated tissues
of these ammals when “assayed by quantitatnve yeast growth methods”
The growth factor, thus obtaned, retained 1ts potency after being dred or
autoclaved Epstem and Frankal belieye that the apparent source of wound
hormones 1s the components released by the disintegration of cells m the
wound, and that wound hormones that are obtamned from viscera stimulate
the growth of skin, but those obtained from shin are mncapable of stimulat
ng healing 1n viscera 716 The chemical stimulus which causes rapid mitosis
of fibroblasts 1n ine1sions into fibrous tissue 1s believed to be liberated from
degenerating cells %0 Carrel believes that removing debris and blood clots
from a sterile wound decreased the rate of healing 1°° Clerc!? found that
the presence of red blood cells hastened healing Sanguinm, a tryptic hy
drolyzate of erythrocytes which 1n preparation 1s  finally lyophihzed to
a brown powder,’ 1s antibactenial and show cd constderable ablity to strmu
late granulation tissue and to shorten the healing trme of experimental
wounds mn dogs and of abcesses in dogs and cats 33
The nature of growth promoting factors has been attributed to peptic
digested protemn ¢ Carrel and Baker claim that the ability to promote
growths directly proportional to the ease with which the protem of a tissue
can be transformed to peptides by enzymes’ ™3 Hammett and Reinann
however, believe that the ¢ sulfhydral radical 18 one of the most cssential
stimulating agents ’ 713 Baker and Carrel reported that the growth promot
1ng pow er of proteoses plus thymonucleic acid was about equal to embryonte
extract, and that nucleoproteins from cow embry 03, prepared by the method
of Hammarsten had great growth promoting effect Tlis {raction of em
bryonic tissues contamned both ‘ thymo and phytonucleoproteins 1358 The
fact that nucleoprotems mereased growth 1s especially mteresting to us
because a lysis of lymphory tes and plasmacy tes releases nuelee acds his
ma globulins
to}g:o?&i?ﬁmotﬁlg effects have been attributed to nuclere acids Fischer
(1939) stated that the growth promoting effect of embryo extracts on
due to ribose nucleotide ¥* Needham?™ showed that the

lasts was
g\l":\:lt)lf promoting fraction in embryonic cxtract may be separated into an
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occurs 1 smaller wounds which are not complicated by jagged or anemic
necrolizing edges wnfection loss of tissue or other conditions precluding
apposttion of the edges of the wound Healing by granulation tissue nas
formerly ealled sccondary healing’ ® ¥ or healmg by second intention 82
More recently, 2 third imntention as been recogmzed Thus Dorland 2°
defines healing by sccond sntention as ‘unton by the adhesion of granulat
mg surfaces  1nd  healing by thied mtention’ as healing by granulation
of 'umon by the filbng of a wound with granulations  Mallory ™ pomts
out that the terms primary and <econdary  are eseentially one and
the same process and all gradations between the tvw o extremes exast

Storage of nucl eins 1 cells m lymphoid tissues 15 related to sys
teie protemn anabolism An inerease m Iy mphoid hissue represents an
merenced miraeeliular storage of protoin Agents which deplate the lymph
oid hissues and cause proncunced lymphopema kbt or prevent gronth
and wound healing Agents that merease Iy mphoid tissue promote a hagher
level of several plasma protemns and o consequent inerease 1 rate of
growth and wound healing In 1918 Zeleney¥133 noted that wound heal
ng was largely controlled by factors which were not mwherent 1 the cells
near the ¢ut surface Holmes** eites the works of several investigators
who recommend high protem high polyvitamin diets {0 promote re
parr 1 burned areas and otler serious wounds Others advocate that &
hugh ealome high polyvitamin diet  be given to patients for 2 weeks be
fore and folowing surgery

Inansfion

Starvation protemn and/or vitamn deficrent diets decrease the rate and
quality of wound heahng Some of the decrease in these sy stemic conditions
may be due to madequate amounts of ascorbic actd mhibiting coliagen
formation Other effects however are due to inadequate plasma protan
a i that 1 ly tant wath syetemic depletion of
fymphoid tisoue Protesn high diets contnbute directly to wound healing
through plasma proterns and indirectly by inereasing ly mphocytes and
plasmacy tes which concentrate nucleic acids amine atids some mnerals
and probably certain enzymes which have a part i the processes of
miosis

Prolonged imparrment of nuclee aed and protemn synthesis by nutni
tional deficsencies decreases wnfiltration of lymphoeytes and thewr trans
formation into plasmacytes as nell as the growth of fibroblests The re
tardmg and generally deleterous effects of starvation on cicatrization of
shin wounds were ob erved as carly as 1828 by de Martsgny *7 Chudaoy
shy (18903 studied wound healing of the shin in staried rbbnts gnd
reported that the regeneration of epidermal cells was retarded that the
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L k and Pl ¢

procy Y

Agents which ncrease lymphocytes and plasmacytes increase the rate
of cellular growth, whereas those which deplete lymphoid tissues decrease
the growth rate These parallel effects are related because small Iympho
¢y tes and plasmacytes synthesize and store protein and nuclee acids How
ever, the infiltration of lymphocytes and the formation of plasmacytes
should not be considered essential for the mitosis of cells but only as an
accessory means by which nucleic acids, hustones and other proteins are
transported and concentrated

“Round cell mfiltration’ was a faiorte term employed by many
vestigators to describe the aggregation of a vanety of free cells, including
lymphocytes and plasmacytes, at the site of wound healing In 1948 this
practice of lumping cells was denounced #  Plasmacytes do not usually
occur 1n blood or lymph except 1n certain pathological conditions They
do not infiltrate a tissue as do lymphocy tes Plasmacytes in healing wounds
develop from lymphocy tes, most of which mfiltrated the area

Formation of plasmacy tes during wound healing 15 related to the merease
of protein in the tissue fluid The time required for healing and the number
of plasmacytes which develop vary with histamine or serotonm release
the amount and nature of the necrotic materal the vascularity and amount
of plasma protems, the presence or absence of infection, and the situation
and extent of the wound 33 Thus the onginal extent and type of the wound
(chemieal contused open mased lacerated, thermal ete) and 1ts man
sgement (whether sutured, open, plastieally treated cystic infected, ete)
determine whether the lesion heals by first intention ’ or by ‘granulation

The concentration of hydrogen 10ons plays a little appreciated part m
wound healing A pH around 7 0 appears to be the turning pomt 1n human
wounds for a pH of less than 70 1s usually painful, whereas a pH of more
than 70 favors healing 42 Alkalne phosphatases are more actrve mn the
nearer younger cells m healing v ounds than mn the older more distant cells
Tlus 13 equally true but occurs more rapidly m wounds produced wn eul
tures of chick embryos which really represent an mstance of regeneration
within a regenerating system’ S + Consequently these factors and cond1
tions may play an mmportant part in the extent and duration of exudation
the protemn content of the exudate the infiltration of Iy mphocy tes and the
resulting fibrmogenesis and pla macytogenesis 534

Wound healing 15 sumilar 1n most tissues® and mn animals and men
McCutcheon®® simplifies the approach to grasping the differences of heal
sng with or without the formation of granulatron tiesue by statmg  Repair
1s said to be pnimary where the edges of the wound are m nm’)O«sll)D}l
«eondary 1f the wound gapes Healing without granulation (common)'
referred to as pnm.ry healing direct umon or healing by first intention
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of ouly one third that of controls on a pormal diet on the 5th post-
operatne day 5 2 However, Kobah and eo workers®™3 were unable to
demonstrate any relationship between varsous reduced plaszma protews or
various degrees of moderate weght loss and tenesle steength of completely
healed wounds It has been siated that the reduced growth rate in hypo
protewernia is due to changes m osmotte pressure which have been relieved
by the adminmstration of acacta hocter and hasman (1942} suggest that
wound disruption may be dus to a poor mutntions! state of which the
Iy poprotemerma 18 merely a manifestation and not the cause -

Deficsency of essential ammo aesds or other <maller units has been
connidered & cause for the deereased rate of wound healing m ammals on
alow protemn diet Formation of <car tissue 1 albino rats was reported to
be as effective when 4 small amount of methionize was added to the pro
temn free diet as when the rats were kept on the normal diet ? However
fibroplasia does not cceur 1 the absence of ground substance whichis de
pendent upon a normal supply of ascorbic and™ and poly<acchandes come
of which may be released from mast cefls® 7 8 ¢

Defictency of many of the fractions of the vitamin B complex depletes
iymphosd fissuez This lymphosd depletion actually represents the disap
pearance of the mdindual 4 reserve nuclere acid and most of Ins essential
ammo aads In addition the interference with nucleis acd and protemn
syathess 18 fested an des d growth p: Juzd repair
total body growth embryomc develoy and b 7 each of
whieh 53 similarly affected by the <ame vitammn deficiency The effects of
the avitamumaoses commonly imvolve the disturbance of so many functions
that 1t 13 difficult, or wmpossible to determine which vitarm 15 lacking
Zinmermant'?s iilustrates this pownt by stating  So frequently are these

it i with vomting and diarrhea with therr

attendant malnutntion that the organmem soon shows evidence of a lack
of such basic e= cnbials 1s protem and certam walts

Corlisone

Cortisene depresces the formation of ground substance fibroblasts and
blood vessela® ® This sterard 33 a potent Iymphocyiopenic sgent and its
depletion of lympherd t1 sue and production of lymphopenis re-ult 1z g
decrense m the number of plasmacytes Mot only does cortisone decrease
wound hexling by the depletion of plasma protem and iy raphoeytoly sis
but al o by reducing capillary permeabnhty Banthme and Dibenamme
al o inhibited va culanization and granulation € ue formation m turpen
tine abee ses wmondnte rats The fibrobla te mtercedfular substanee and the
saseular pattern of the minbited granulation bieue had the same ap
peeance regardiess of which of the suppresaing ngents was admnietersd
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mtotic figures were reduced m number, often abrormal m form and poor
in chromatin, that granulation tissue was erther absent or dimimshed, and
that there were fem or none of the mfiltrating cells which were present
1n the healing wounds of the well nourished control animals 47

The time sequence of infiltration of Iy mphocytes and plasmacytes 1s re
lated to conditions existing in the tissue fluid meident to the transforma
tion of lymphoceytes to plasmacytes m wound healing and follows es
sentially the same pattern as in inflammatory reaction Needham
believes that a “flow” period 1s characterized chiefly “by cxtensive mobil
zation of protein and persists throughout the 2nd and 3rd wech of healing
1n <erious wounds, or reaches the maximum “from the fourth to the eighth
day after hghter wounds ” The age of the ammal 1s a factor 1 maniton,
for 1t has been shown that healing was retarded 1n young rats on a re
duced amount of food, but that repair of gastric wounds was not affected
by total mamtion 1n adult rats 451

The relation of protein deficient diets to a decreased rate of wound
healing has been observed chnically Vines'®® comments that “burns
heal slowly because the protemn loss has depleted the protemn reserves of
the body ’, mfection and subsequent suppuration with protein loss further
retard healing This statement 1s supported by the indieations that a high
protein diet 1s required by convalescents 1n whom processes of repair are
active 2% Moise and Smith™ compared the effect of gh fat and high
carbohydrate diets upon wound healig m rats, and found that the most
rapid rate of healing was 1 anmals on a standard diet and not on the
Iugh carbohydrate diet as Whipple and co workers observed 1n dogs Moise
and Smuth report however, that the standard dict produced the highest
activity 1n repair, whereas the high fat diet produced the lowest, and,
that there was “hittle if any difference between the carbohydrate and pro
tein diets ” This stmilarly may be due to the fact that animals on a high
carbohy drate diet often have a more favorable flora for intestinal sy nthe 18
of B vitamims and other factors A deficiency of ground substance pre
cursor must also be constdered m evaluating the nced for a high protemn
diet m wound healing

Harvey and Howes show that after reparr had been imtiated a high
protein diet nereased the velocity and efficency of healing with the result
that the mauimum strength of the healing wound was reached about 2
days earlier than w1th a <tandard diet %4 7% Other mnyestigators report
hypoprotemnemia as the cause of fatlure of wound fibroplasia thus r'eh
sulting 1n the formation of <car tissue that had such l:m tensile stren(;; .
that disruption of surgical wounds resulted 1n dogs *** Low prnten:j Ilf-‘
hampeted wound healing and caused defective fibroplasia nn]d n: el J:I)I
1n healing of npprovnmutcl} 2 days with scars that had a tensile streng
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unless the nfections process which may prove to be a preneoplastic or
neoplastie grow th, 1s removed ™ Multiple colome poly posis 3s behieved to
e mberited as 8 simple dommant traxd in man ¥ Lockhart Mummery
{1934) states that the accurrence of polyposis m which the lesions may be
ngmerous and distributed throughout the entrre colon or himited to seg
ments of 1t (adenomatosis) 15 4 fanuhar disease If this condition 1s not
adequately treated at 1s practreally certam to develop mto carcinoma *°
Earler observers Bichersteth (18920}, Cripps (1882), Port (18%0) and
Smith {1887) 1 dicated the above § swmee they thought that
mbestinal polyposis  exhubits an hereditary indradual and loeal pre
dippsition ¥

Ewing ¥ tentatively classified all mucosal papillary tumors mn four
groups Nasal and utenine polyps which result from mflammatory hyper
plasit and for this reacon {all nto the field of productive mBammation
are placed i hus first group polypoid adenomas of mucous membrancs
which result from the overgrowth of atypeal tissues  are placed 1 has
thord group He alse warns that m addition to the difficultses of applying
this elasmficatton 1t may be extremely difficuly to determne whether a
mueous polyp s purely mflammatory or partly neoplastic  Kmschenohy
suggests that the processes mvolied i chromie mflammnation including
later metaplasia accompamed by gradual hyperplasit may re ult i
papiomatous growthe 1n the urmary tract 32 As would be expected
iymphocytes plasmacyies counophils and some poly morphonuclear feuho

eytes are seen inter fing with the epithelial clements m the metaplastic
epithelrum of areas of mucocn! paprllomas and polyps The pathological
preture meludimg the it tory cells shows that the <oft

papillomas of papsilary hypertrophie sinusitis are lesons of an nflam
matory nature ¥ * m which draissge of edematous find 1s inhabited ¢
However polyps ansing from the mucosa of the nares and sinuses vary
tustologreally 2* Rlunoseferom= arwses very sumlarly to nasal polyps and
charactenstically  this growth s densely infiltrated by plasmacytes *
Many perhaps most of the subchirome and chronie cases of inflammation
of muecous membiranes are attended by » pronounced morease plasma
eytes Forbus™® itlustrates this pomt stnbangly m cases of chrome cho
fecystrtis and 1n chronie polypmd nasopharyagitic

Beveral ty pes of poly ps and mucosal papitiomas are attributed to mflam
watory hypertrophy that mbibits or even ebstruets the venous or ymph
abie dramnage so as to produce stasis This condibion usually wntolves a
smal} delimated area of the mucosa with the result that the protesn content
of the exudate 1s appreerably mereased over that of nosmal plasma Iymph
or mtercellular flwd and contuns numerous plasmacytes Some vrters
and investigators 3 9% €9t #8) polieve that <uch a condibion of mfam
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cxeept that the ground eubstance was only quantitatively dimn
1sheg 1011 10 1

Taubenbaus and co workers!®t! 19t apparently did not suspect that the
observed reductton in vasculanty caused by the action of the two sympa
thetic ganglion bloching agents (Banthine and Dibenamme) may have
effectively inlibited the exudation of tissue flud, protemn, Iymphocytic
filtration, plasmacytogenesis and the formation of ground substance
the area of evpected granulation However, 1n noting the histological
changes they state that leukocy tes were present 1n the Dibenamime treated
rats, but they do not indicate whether these cells were as numerous as
1n controls or whether the leukocytes were monocy tes, poly morphonuclear
leukocy tes and/or lymphocytes and plasmacytes They regard, howcver,
most of the changes in the fibroblasts, ground substance and capillanes
as bemng due primanly to decreased capillary function The length of
mucopoly <acchanide (MPS) chains 1n the formation of granulation tissue
15 not altered by cortisone 191 1t 15 claimed that piturtary growth hormone
completely counteracted cort1 one induced, local nhbition of granula
tion tissue and caused ample granulation tissue to form in hy pophy sectom
1zed rats 10 Other investigators*®t believe that cortt one and ACTH de
crease the number of mast cells which 1n 1tself, would causc a deercase
1n the formation of collagenous fibers

Anterior pituitary growth hormone 1ncreases nitrogen retention,™'® and
1nereases the amount of Iymphoid tissues Its effect i ncreasing wound
healing however hasnot been established 100 W illiamson and Numann'!®®
cvplammed these results as mdicating that large doscs of the growth
stmulating hormone “mobilize protemn metabolites primarily for use by
the body tissue to the detrrment of the healing w ound tissue, small amounts
of growth hormone permut greater diverston to the regencrating wound
trssue ” It 18 not clear whether or not the growth hormone which they
used was ACTH free and there 15 no explanation for the loss of 16 g body
weght of the control rats during the 20 day duration of the expernment

Mucosal Polyps and Papillomas

The occurrence and grow th of mucosal poly ps and papillomas app wrently
are dependent upon conditions of partial stasis sith impeded dranage of
protem nch trssue flmd such as have repeatedly been pomted out 1n this
work as bemng favorable f not prerequisite for the transformation of
filtrated lymphocytes mto plasmacytes Thus plasmacytes are v ually
abundant 1 polyps % Ineh are belicved to represent  an cdema and simple
hypertrophy of the nasal muco a re ulting from an nflammatory p]mc
s " 10 Soft, often diffused nasal and other mucous papillomas and polyps
are variously regarded as an inflammatory hyperplania  that recurs
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wnless the infectious process which may prese to be & preneoplashic or
neoplastie growth 1s removed 7 Multaple colonie polyposts 1s believed to
be mhersted as a simple donunant {rait m man %8 Lockhart Mummery
{1931) «fates that the oceurrence of poly posis 1 whieh the lesions may be
numerous and distnibuted throughout the entire colon or hmited fo seg
ments of 1t (1denomatos1s), 15 4 famshar disease I this condition 15 not
adequately treated 1t 1s practically certam to develop into carcinoma *¢
Earlier observers Bichersteth (1890) Cripps (1882), Port (1890) and
Sruth {1887}, pramndicated the above conel since they thought that
testmal polyposts  exfubrs «n hereditary individual and local pre
di position 93

Ening ** tentatively clossified all mucosal papstlary tumors m four
groups Nasal and uterine polyps whieh result from inflammatory hyper
placa and for ths reason fall into the field of productive inflammation
are placed 1n hus first group polypord ad of mucous
which result from the overgrowth of atypical tisues  are placed m his
third group He al o warns that in addition to the dufficulties of applying
this elassification, <1t may be extremely difficult to determine whether
wucous polyp 18 purely inft 3 or partly neoplastic hmschenshy
suggests that the processes muelved 1n chromie mflammation weludng
later metaplasia necompanied by gradual hyperplasta wmay result m
papitlomatous growths 1 the urmary tract ¥ As would be expected
Isuphacytes plasmacytes counophils and some poly morphonuetear tewbo
cytes are scen itermingling with the epithehal clements 1 the metaplastie
epthelum of arcas of mucosal papillomas and polyps The pathological
picture, sncluding the numerous mlammatory cells shows that the oft
paptilomas of pamllary hypertrophic sinusitis are lesions of an wflam
matory nature?™ 1 which dratnage of edematous fnd 15 inhibited ©
However polyps anang from the mucosa of the nares and smuses vary
histologieally * Rhunoseleroma arises s ery sumilazly to na al polyps and
charactersstieally this growth 15 densely mfiltrated by plasmacytes 7

lany perhaps most of the subchrome and chronte cases of wflammatton
of mucous membranes zre attended by a pronounced increase in plasma
€hies Forbus® jllustrates thus pomt strihmngly w caces of chrome ¢ho
leeystitss and m chrone polypord nasophary ngitis

SBeveral types of poly ps and mucosal paptilomas are attnibuted to inflam
matory hyperirophy that inhibits or even obstruets the venous or lymph
2t dramage so as to produce stasts This condition usually mmohes 8
smalt delimited area of the mucosa with the result that the protem content
of the exudate 15 appreeiably mereased over that of nonmal plasma Yymph
9% Intereell flud and plasmacytes Some wnters
ud ivestagators 99 491 952 heheve that <uch a condition of mflam
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except that the ground substance was only quantitatively dimm
lshcd 1011 10 1

Taubenhaus and co workers!® 10t apparently did not suspect that the
observed reduction in vasculanity causcd by the action of the two sympa
thetic ganglon blocking agents (Banthine and Dibenamine) may hase
effectively mhibited the exudation of tissue flud, protemn, lymphocytic
mfiltration, plasmacytogenesis and the formation of ground substance m
the area of expected granulation However, m noting the histological
changes, they state that leuhocytes v ere present in the Dibenamine treated
rats, but they do not indicate whether these cells were as numerous as
1 controls or whether the leukocytes were monocytes, poly morphonuclear
leuhocytes and/or lymphocytes and plasmacytes They regard, however,
most of the changes m the fibroblasts, ground substance and capillares
as beng due primanly to decreased capillary function The length of
mucopolysaccharide (MPS) chams 1n the formation of granulation fissue
15 not altered by corticone 11! Tt 15 claimed that pituitary growth hormone
completely counteracted cortisone induced, local nhibition of granula
tion tissue and caused ample granulation tissue to form 1n hy pophy cctom
1zed rats 1°1” Other mnvestigators*®* believe that cortisone and ACTH de
crease the number of mast cells, which 1n atself, would cause a decrease
1n the formntion of collagenous fibers

Anterior pituitary growth hormone mercascs nitrogen retention,!*? and
ncreases the amount of lymphoid tissues Its effect 1 mereasing wound
healing, however, has not been established 1% Williamson and Numann!!®
explamed these results as indicating that large doses of the growth
stimulating hormone “mobilize protein metabolites primanly for use by
the body tissue to the detriment of the healing wound tissue small amounts
of growth hormone permit greater diversion to the regencrating wound
tissue’ It 1s not clear whether or not the growth hormone which they
used was ACTH free and there 1s no explanation for the loss of 16 g body
weight of the control rats during the 20 day duration of the experiment

Mucosal Polyps and Papllomas

The occurrence and grow th of mucosal poly ps and papillomas app wently
are dependent upon conditions of partial stasis with impeded dramage of
praten rich tissue flmd such as have repeatedly been pointed out 1n this
work as being favorable if not prerequisite for the transformatton of n
filtrated lymphocytes mto plasmacytes Thus plasmacytes are u ually
abundant 10 polyps whieh are belicved to repre ent an cdem aud sunple
h)pcrtroph) of the naeal muco 2 resulting from an mflammatory proc
ess’ 10 Soft, often diffu ed na al and other mucous pamillomas and poly ps
are varously regarded as ‘an inflammatory hyperplasis  that recurs
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Ewmng *? states that mfi t with the app of
Iymwphocy tes and plasmacytes is & hxghly significant feature of mal H
tumor growth and must be regarded as a defenstse process ' He supports
this point of view by ealling allention to the ‘islands of tumor cells en
tloced n masses of lymphocytes and presenting clear signs of degenera
fion’ whith may be found i carcmoma of the breast and to the fact
that ¢ one fnds » thich barner of lymphocytes about many slow growing
epitheliomas As explained mn the next cection on conditioning hosts the
wdea that lymphacytes function as a direct defense agamst mahgoant
{umor growth s untenable

Conditiomeng Hosts

Lymphord t1ssues are changed by sev eml methods of host condxhonmg
i preparation for heterol For ple cortisone
deereases the growth rate In}ecuons of various hymphoid fiesues such as
spleen or thymus into animals hat e been made for the purpose of determin
1y whether or not inpected §ymphocytes altered the mmmumty or de
fense reaction Murphy? 7 found that the Jencen rat sarcoma would grow
when tmplanted even when serially transplanted wto 6 1o 18 day old
ehick embryes and into the forebrain of x rayed ammals of different, spe
cres They concluded that the falure of growth of heterotransplants under
usual condttions 1s not due to a lack of sustable nutrient material gs
Ebrlich s theory of athrepsia mamtams These mieshigators found that
the miroduction of native lymphoid tissue wath the forergn graft suc
cossfully counterscted the absence of rewistance in the chich embryo and
the adult brasn  {o heterotransplants These resulis and the observation
that “accurnulation af the stwall round cells sbout foregn tisue 33 a0
constant finding were chiefly responsible for therr discarding the sntibady
explanation and cancluding that Jymphocytes are directly responsible for
host resistance to heterotransplants

Murphy s 7 observatsons seem to be unimpeachable Honever Steven
son (1917) using the same t3 pe of rat sarcorna and essentully the same
teehnique that Murphy used failed to obtam results supporting Murphy s
finding ihat when chicken spleen was included with the sarcoma transplant
the d 1y mphoeyt lated the shorioaliant brane to re
steb the growth of the implanted tumor #* Sandstrom®®* lLikewyse trans
planted normal embryonte renal tissue of ducks to the ehorioaliantate mem
brane of chichen eggs but also failed to obtain any adverse effect on growth
by weluding adult chicken spleen in varying quantities with the trans
plant Howeser we feel that Murphy erred in asenbing & “multtant  func
tion to the lundly lymphoeyte which functions as a trephocyte i all
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matory stasis and hyperplasia of the mucosa stimulates the development
of mucous polyps Others point out that lymph stasis 15 important m the
development of spontaneous cancer "93 40t

An inflammatory origin, n which there 15 edema and mereased pro
tem 1n the edema flmid with infiltration of Iy mphoey tes and transformation
to plasmacy tes, has been deseribed for polsy ps and papillomas that occur
mn the mucosa of various structures and organs Thus, plasmacytes have
been observed at sites which suggest that these cells were transformed from
lymphocytes under conditions of mflammatory stasis, and that plasmacy tes
n the cdema flnd supplied some of the RNA to promote the growth of
muceosal polyps or papillomas 1n the bronchy,?! in the cervix utent 3
endometrium, 92 633 78 cglon "% T3 gonjunctiva,1®1® lips,197 laryny, %
mddle ear,?*! nares * © -9 6 5 103 nagopharynx,313 stomach, % 713 tonsillar
region, " umbilieal cord,!°!7 renal pelvis,58! ureter-*3 and urinary blad
der 293 581

INFILTRATION IN TUMOR GROWTH

Infiltratron of neoplastic growth, especially n the earlier stages, 18 more
variable than 1s usually the case 1n wound healing, for the conditions 1n
cident to the site of the lesion are somewhat reversed In a simple, meised
wound, the injured and dy mg cells are 1n close proximity to normal, healthy
tissues 1n an early, well established tumor, local anemma usually causes
death of cells 1n central areas of the growth which are more or less 170lated
from the normal tissues by a thiek, heral wall of prolifa tumor
tissue Later as areas of central necrosis of the tumor coalesce and spread,
varying numbers of lymphocytes plasmacy tes, other leukocytes and mast
cells probably will be found m edematous areas outside of the growing
tumor Although lymphocytes, plasmacytes and mast cells may be abun
dant 1n the tissues surrounding the tumor, comparatively few or no mast
cells will be found withm the necrotic or prohferating tissue of transplanted
sarcoma or carcinoma %

Tye ¥ have ob erved the infiltration of lymphocy tes in and around spon
tancous mammary car mn mice 2 basal and m) xosarcoma 1n
hamsters and biopsy of human mammary adenocarcinoma The eause of
the vanation 1n amount or extensiveness of the infiltration 1s obecure for
the activities of the Iy mphocy tes and plasmacy tes m nfiltration of tumors
18 lughly varnable within different tumors within a single sectton of a given
tumor, and within the adnexa of the tumor Vasculanty, necrosis and
edema which affect the growth rate all appear to play vanable parts m
the infiltration of a tumor The plasmacytic nfiltrations are much more
dily seen 1n tissues fied with <sublimate alcohol than in those fixed 10
Zenhers, Helley's or Boum's solutions

reat
{ormahn,
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tumor 1mplants has generally been vverloched Since plasmasytes are re
garded as an mmportant source of antibodies several authors have recently
considered the presence of these cells 45 beng sigmficant Favour * states
% 18 pre umed that lymphocytes and plasmacytes which mfiltrate the «te
of grait rey are prod w sty which perbaps do not
appest w detectab ts m the areulation and yet can ehet loeal
anaphylactic responces of the polyarterttis  or Arthus phenowenon type
Although the plasmacytes m these sites m2y function 18 the formation of
antibodies they probably have other functions The plasmaeytes at the
stte of degenerating cancer grafts may also have the same function as thoee
found at sstes of wound healng and chrome wflammation that 15 they
supply nucleoprotesn to form a tune bridge over the gap betneen the
penod of acute mflammation and the onset of the prohferation of fibro
Dblasts andZor vanous bsstes which {orm the site of the tamor graft

Tnthe impl of home and heterotran plants conditions are pres
enf which mught evoke two different functions of plasmacytes (1) the
formation of antibodies to the foretgn protein and {2} provision for RNA
and protesn sy nthesis for the purpose of servimg as a protesn  tmme bridge
{orthe homotransplant such as oceurs at sites of chronie wwflammation and
wound healing

SUBCHRONIC INFLAMMATION AND CARCINOGENESIS

A vantety of ewsentially subchrome wiammatory conditions have been
mdweted as bemng potentially procaremogeme cancer promoting  precar
cinogente o causatve factor or even the eause of cancer Brous<as (1772,
1838) firmly believed that cancer is the sequel of recurrent wflammation
and that cancer pever ariees i normal fissue but only after inflammatory
alteration  ®* This physiclogieal doctrine  of Broussams as an ex
planation of the oripn of cancer made a great smpresston at the time and
may be conndered as the only tenable pomnt i the present day doctrine
of irntation as the cause of cancer Lnang ** states that  Briroth s dictum
without previons chronse mflamreation cancer does not exist  while sub
3ect to excoptions 15 yat so generally true as to estabhsh the great sy
raficance of chronie umtation as & factor m tumor genews  More recently
with the general acceptance of Friedewald and Rous (1944} terms
biating actzon gnd  promoting factor ™ it nould seem that 1 the light

of the concept of a two stage 3 aubehren il 15 more
closely related as a promoting agent than as a dweetly savsative process
m 2 B blum ¢ indseates that  the two stage mechamem

of enrcinogenesis  wiichis ba od upon the concept of dormant tumor colis
and therefore, does not take mnto considerstion tumorviruses  other stages
of earanogeneny  and an untold number of recognized and unknonn fac
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growth processes In this case, one 1s unable definitely to evaluate the re
sults of the experiments because of the following possibilities

1 Adult chicken Iymphocytes would probably not have the same effect
m the tissues of a chick embryo

2 Introduction of protems from adults would probably mnvolve the m
Jectton of foreign protems, such as enzymes, antibodies and others, that
are not present 1 the egg

3 Inmjection of Iymphocytes from an adult would al<o represent the in
Jection of several enzymes, such as deoxyribonuclease (DNAase) and eer
tain proteolytic enzymes, which probably would be present m mcreased
amounts The disintegration of a graft 1n an adult might be due to the
presence of antibodies, whereas the disintegration of a tumor implant m
an embry o might be due to proteolytic enzymes

4 Because of the relatively great amount of stroma 1n ¢hichen <pleens,
the number of available Iy mphoey tes introduced with the spleen transplant
may not have been significant.

5 Apparently httle 1s known of the fate of the transplanted lympho
cytes, that 1s, whether they persisted, disintegrated or transformed into
plasmacytes Therefore, little sigmficance can be attached to their trepho
cytic value under these condrtions

Effect of Site on Transplanted Tumor

Scveral sites, such as the cerebrum and anterior chamber of the eye of
adult ammals and embryos have less Iy mphocytic reaction than oceurs in
subcutaneous or other loose connective tissues Siebert observed that ho
miotransplants of thyroid gland tnto the bran of guinea pigs survived
for a longer period and that there was less lymphocytte reaction mvolved
than around subeutaneous mmplants 8¢ However Murphy and Sturm?
reported an absence of cellular reaction about a heteroplastic graft m the
braun and point out that this absence may be duc to a mechanieal factor
which inhibits the mfiltration of lymphocytes beyond the pernascular
«pace, or that the bram 1s an uncongemal environment  for Iy mphoid
cells If the mnfiltration of 1y mphocy tes1s a reaction due to increa ed plasma
protems, the mfiltration may be via the blood Iymph or cerebro pmal
flud, and not extend into the tissue fluads withm the cerebrum This ex
planation does not scem to be tenable 1o view of Murphy s finding that
implants into the posterior lateral part of the cerebrum and the cerebellum
were not <atisfactory for the growth of heteroplastic tissue grafts

The nfiltration of lymphocy tes around tumor mplants has added «ig
nificance 1n view of the two widely accepted conclustons that plasmacy tes
dey elop from lymphocs tes and that plasmacy tes are a source of antibodies
The sigmficance of plasmacy tic aggregation in grosing and in regressing
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fumor miplants has generatly been overlooked Vince plasmacytes are re
garded as an important seurce of antibodies, several ruthors have recently
connidered the precence of these cells as bemng sigmficant Favour ¢ states
it 18 presumed that Iy mphocytes and plasmacy tes whuch mfiltrate the site
of graft rejections * axe producing antibodies w2 situ whieh perhaps de not
appear in detectab ts i the {ation and yef can ehext focal
anaphylactie responses of the polyartentis or Arthus phenomenon type
Although the plasmacytes tn these sites may function in the formation of
antibodies they probably hase other functions The plasmacytes at the
site of degenerating cancer grafts may alvo have the same function as those
found st sites of wound healing and chrome wffammation that s they
supply nucleoprotom to form o fime bridge over the gap between the
pertod of acute imflammation and the onset of the proliferation of fbro
blasts and/or vanous hissites which form the site of the tumor graft

Inthe ymplantation of home and heterotransplants, conditions are pres
ent which might evoke fwo differcnt functions of plasmaeytes (1) the
formatron of antibodies to the foresgn protem and (2} provision for RNA
and protein syathess for the purpose of sersing as a proten time bridge
{or the homotransplant such s occurs a sites of chronie mflammation snd
wound healing

SUBCHRONC INFLAMMATION AND CARCINOGENESIS

A variety of tiafly subeh tif tory cond: fhave been
wdicted as being potentially procarcinogemie cancer promotg  precar
einogemae o causative factor or even the rause of cancer Broussass (1772
1838) firmly believed that cancer 1s the sequel of recurrent mflammation
and that cancer never arscs 12 normal bissue but only after wBammatery
slerstion %3 Tiis ‘physiological doctrme of Broussais * as an ex
plamation of the orpin of canter made & great unpression a4 the tize and
may be considered as the only tenable pomt 1 the present day doetrine
of rritation as the cause of cancer Ening  states that Bilroth s dictany
without previous ehronte nflammation cancer does not exast while sub
ek to T 15 yetb 5o g iy true as to blish the great 1g
mficance of chrome wrnitation as a factor in tumor genexts  More recently
with the general aceeptance of Friedewald and Rous (1944) terms m
tistmg action and promoting fsctor ™ xt “ould seem that sn the hght

of the eoncept of a two “tage mech 15 THOTe
closely related ss a pmmot)n" agent than as a directly cawsain e provess
m B 7+ wndieates that  the {wo stage mechamsm

of caremogene 19 which 19 based upon the coneept of dormant tumor cell
and therefore doesnot take mto consideration tumor viruses  other stages
of earemogenes:s and an untold number of recogmzed and unhnowa fac
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tors and/or conditions, nevertheless represents “a working hypotheas of
tumor pathogenesis

It appears that the processes mvolved 1n the broader aspeets of sub
chronic inflammation, esperally 1n areas of loose connectiye tissue, could
supply the essential, imtiating, promoting and/or synergising substances
or factors for provolung the alteration of normal, dormant tumor em
bryonie or other cells by chemical, physical and/or other processes 5o as
to ineite them into neoplastic growth or to render them susceptible to
cancer meiting virus or other stimuh: This, i turn, may result 1n the un
controlled growth of tissues and the supply of the necessary substrates
and enzymuc systems to promote frank carcinogencais

A wide range of subchrome inflamamtory canditions have been thought
by various wniters, to contribute to, or actually imtiate, neoplastic grownth
Some of the many cases in which this view has been expressed are chronic
mastitts, mdolent or mncompletely extirpated ulcer , mucous polyps, be
mgn tumors, fistulous tracts and cracked, especially fissured, leukoplakia
of the tongue, * hyperplasias of the breast, prostate gland, or uterine
mucosa® and many other subchronie or chronie, but probably not re
current® or acute conditions Some authors have gone so far as to belicve
that 1t 1s necessary to control such external factors as long continued 1
ritation of any sort  remove all pigmented moles which are exposed to
irntation 7613 adequately treat all * foer of chrome irmtation” and safe
guard the mdividual from contact with occupational earcinogens 4

Levin®®® credits Virchow as probably being one of the earliest investi
gators to believe “that <ome external agent i the presence of a nutnitine
or formatrve and & functional stimulus rmght “ncite o cell to prohfera
tion ’ "3 Deelman (1922) noted during the first 80 days (the first of hus
three stages) of tar carcinogenesis that the epidermal cells underwent an
orderly type of hypertrophy and hyperplasia with an merease n the ‘ clas
tic tissue of the hyperemeic cortum’ accompanted by the nfiltration of
lymphocytes and mast cells * Notwithstanding these significant observa
tioms, apparently neither Declman nor Eving associated the obvious pres
ence of mast cells with the need for increased eapillary permeability or
production of an anticoagulant or the mvaswon of lymphocytes as m any
way supporting Virchow s hypothesis

Formerly, 1t was generally believed that hyperemias the most essential
fact of inflammation and 1s caused by paralysis of the vasomotor nerves
{paralytic theory) *® Although this 1s probably applicable to spontancous
(neuragentc) vasodilation and has been deserabed 1n hypertrophic mou ¢
<hn following applications of tar 37 3% 331 as far as we arc aware httle
attention has been pad to the problem of whether or not histamine, leuho

toxm,® serotomn®* or other substances which dilate and merease the
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permeability of bloed capillaries operate by locally affecting vasomotor
neurons duning locahzed stasis Kotzareff (1926) and Redmond and as o

ciates (1925) found that excision of the superior cervical sympathetic
ganghon on the same s1de as the ear which was repeatedly tarred markedly
shortened the latent period compared with the fime required for unoperated
rabbits 7

73 ed

1 prod malignant tumors m a small per

centage of the mrce repeatedly <ubjected to “mmld freezing of the shin

with Dry Ice over a long period ’ but, when both Dry Ice and tar were

used, the incidence and degree of malignancy, as well as the latent peried

of the tumors more closely approached these conditions 1n the tumors pro

duced by tar alone
C

l of tar to mice or rabbits result

the pmhferatwn of lymphatic capillanes®’¢ and ‘the occurrence of ex
cessively dilated caprllanes” with paralleling hyperemia of the erpthehum
These conditions accompanted by a certamn amount of stasis and an 1
creased fransudation, supply the hyperemie tissue ‘sith supernormal
amounts of nourishing substanees and oxy gen, which s followed by hyper
trophy of the eplthehum formation of warts papillomas and finally, the
of 582 Other 1nvestigators?9® 1% 30¢ 3 9
M1 U2 114 report findimg these changes m the skin of mice and rabbits
after repeated apphcahon of tar 3 4 benzpyrene (which 1s the most widely
m tars)11! or other polycyche hydro
carbon carcmogens commonly used m experimentally producing cutaneous
cancers We® ¢ 535 gbtained similar sequences by percutaneous applications
of 8,10 dimethyl 1 2t L to & which developed hy
Pertrophy of the cormim 11 1 and, later, epithel
Some mvestigtaors state that tissue changes are first mamfested by the
epiderms after percutaneous application of tars or their caremogeme de
nvatives This change occurs 1o the first week of pamnting’ 1n mice and
rabbits 3% Qthers state that the connective tisue cells m the corrum are
the first affected and that the epithelial changes are secondary 3 hrey-
berg®* believes that vascular changes are first effected and that the re
sultant hyperemia may be due to changes 1n the blood vessels them elves
or to a disturbance 1n their mnervation—or that the circulatory disurb
ances may have therr origin 1n the connective tissue ground substances or
stroma Results of Guldberg 537 expeniments confirm the findings of earler
authors by showing that the hyp 13 the first d change
oceurning in the skan duning pamting and it 1s attended by increa ed tran
sudation edema and cellular migration  He?® ® pomts out that these <eries
of changes are members of the symptom complex’ charaeter: tic of 1n
flarmmation due to an irmtant and concludes that the e findings favor
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“the view that there must exist an intimate relationship between the
changes 1n the vessels and the epithelial changes” which show progressive
hy perplasia of follicular epithelum, followed by carcmogenesis Levy and
associates® found that a single application of a very strong carcinogen
(06,20 or 40 per cent 9,10 dimethyl 1,2 benzanthracene 1n benzene) to
the hip of mice was followed by “hyperplasta of epithehal cells and 1slands
of epithellum m the dermug” and by the presence of “numerous mflam

matory cells i the subepithehal connective tissue  (The mucous mem

brane was refractory to the carcinogen)

Berenblum ¢ states that “all the known promoting agents are rnitant
He defines irntation as “unphysiologie strmulation whieh, being potentially
destructive, eheits a continued state of reparative hyperplasta  Kmght? ¢
expressed the opmion that all tumors are not due to chronie 1rritation, for
“mntermuttent urmitation or pressure with mtermttent attempts a reparr,
produces and keeps present the necessary type of capillary for rapid grow th
of any cells ” The popular “rritation hy pothests’ of the origin of neoplasia
18 tenable only 1 terms of subehronic inflammatory processes m which
there 13 present repeatedly alternated mjurious (inflammatory) and re
parative proce ses that may eventually result i uncontrolled proliferation
and neoplastic growth Rlemn® found that if the ears of young adult mice
were painted a single time with 05 per cent methyIcholanthrene 1 olive
o1l and beginning 2 weeks later they were painted conseeutively at least
30 times with croton o1l tumors would be promoted by the croton otl, which
15 beheved to cause hyperemia but not earcinogenesis

The :dea of repetitive attempts at healing being related to carcinogene
«1s 15 further supported by the usual results of pereutancous application of
chemical caremogens Repeated applications of the carcinogen or a single
applicatton of the carcinogen plus multiple applications of a non carcino
genic promotmg agent ** produce neoplasia If the apphcations mn fome
mstances are discontinued after several months and after papillomas have
appeared 15 shown by Rous and hidd (1941) m rabbats, the healing proc
esees may suppress the no longer abetted carcinogeme proces es with the
result that the papillomas disappear and the lesions heal ™9 hlem®'® states
that Salaman (1952) failed to obtain shin tumors after pamting mice only
oncewith® 10 dimethy1 1 2 benzanthracene followed by a «ingle painting
nath croton oil hlemn obtained few orno vy 1ble tumors after painting the
<hin of mree a single time with methy Ieholanthrene followed by one apph
cation of eroton ol He cxplams the effects of repeated appheations of
croton o1l follow g the ¢aremogen as demonstrating that promotion u‘n

Ihe anttiation 1 a gradual process  Tlus  tatement leads o;w :(:c:‘n‘;mc;r
Just »luch one of the multiple applications of the chemteal ¢ i
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which are usually necessary to produce cancer, should be credited with
having ‘ msbiated’ carcinogenesis

The mrritation hypothests 1n it elf 18 untenable as an explanation of the
cause of cancer It1s obvious that multple factors and condstions ncluding
a latent period probably having a duration of 5 months to 20 te 30 years
aremvolved Thus m order to become tumongemeally efiectryve, rrritation
would be expected to play the part of subchronic mflammation m which
there are overlapping repetitions of mcreased capillary permeability with
leakage of protem accompanred by more or less edema Cowdry and Pa
letta1%3 found that the ty of the nueleoplasmm of epid: 1 cells,
rendered hyperplastic by percutaneous treatment with methylcholan
threne was Jower than mn normal epidermal cells 1n mice They found 1n
man that the viscosity of the nucleoplasm of the hyperplastie eprthelial
cells at the bace of warts and at the site of healing wounds was lawer, and
that the nucleop! y 1 cells of a cal was much
lower than m nermal cells These are noteworthy observations because 1t
1s well known that changes 1 viscosity alter reembrane permenbility and
that viscosity changes are mdicative of changes wathim the cell or 1ts me
dinm

‘The ortgin of neoplastic growth 1s thought to be related to a disturbance
of the normally balanced or ‘steady state” of prohferative cells with re
gard to their chemicophysiological relations to the intercellular and cir-
culating fluzds Although the maintenance of this steady state may be de
Pendent upon & number of factoss, 1t has been postulated that the enzyme
systems are probably the most sensttave and, therefore the most vulnerable
1o factors that might disturb the normal state of balance n proliferating
cells This httle understood steady state has been regarded as a delieate
trg.er mechamsm depicted as 2 cofactor, a coenzyme and an enzyme that
forms the sides of an equilateral trangle Any defection of one of these
wembers of the enzy mie systerm would distort or pull the *tnigger ’ which
n one out of many mstances may provoke s gertes of changes that even
tually may result i frank neoplasta 92 W hether the results of the <eries
of ehanges ocenrring i should be ded as mutational or
chemicophy sologteal 15 not clear Neverthele s most mvestigators recog-
nize a latent period of several weeks to 5 to 30 years between the imtiation
of the cause and the appearance of cancer
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