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The Tromsverse Tubular System m Mammahan
Myoccxdial Cells

F O sIMPsON
Wellcoms Modical Mesearch Instituts University of Otago Medical Schkool,
Dunedin, New Zealond

ABRSTRACT Thﬂmmnfnmymdhlmﬂs,u-znhm.o—
tione, §s described. The presence of an extensive eystem of transverse tobules at Z
nﬂmlﬂd:huhmcmﬂmrd.dunﬂldﬂxhbuhbdn‘mﬂnmwﬂhmn
sarcolmoma.

Pretiminary suimals
Tradily sesn in goinea-pis myocsrdial calls and ars present, but wxe mare difficalt to
#nd, In the rat; communication between the tubales and the sxtedor ts readily dem-
in the

Cootsct pet patticularly
clase, and  thin delicats circomfermntial Z tubule "nnnhih)l:hxmndﬂump

fibeils at most Z reglons.

n.-z:vdm;,mnu--cdm,-han tightly pscknd squars armay of fAlemanty,
double in roraber with the tiin Alaments secn elsewbers in the socemers
the appeeTances ymﬂmfﬂrhsn(mmdath-lrfdmmtwtﬁ:hh:

Contimudty of the sarcolemma with the and thus to study the relationship of the
walls of the transverse tubules in mam- tubules to the Z reglons of the myofibrile.
mallan cardlac muscle was first recog

nlttdhyﬂndm('i?andthhrdadnn— METHODS

ship was demonstrated in more detail by Small portions of cardiac muscle of ox,
Simpeon and Qertells (61 "62) and by and rat were fixed in
Nelson and Benson (63) A rela-  buff 1% oxmiom for one and
tionship had also been noted in cockroach dehydrated in acetones and
myocardtum Edwards and Challice embedded in Vestopal W The ax and
('60) in fnsect flight muscle by Smith were obtatned at the abat
gl;&?d(t&t)hammrdim the tofr and thero was thus a delay of about

being evidently OBSFRVATIONS
vulnerahle in this regard  However it The main features of the myocardial
cells, as seen In cross sectlon, were the
scctions as in the present paper  ye, i Tt b Swkiys pder | omon freo te
IO YT A BTN
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" myofibrils mitochandda a

¥ 0. SIMPSON

varety of tubules and a varlgble amount
of space (possdhly partly artefact) slightly
more opaque than the exiracellular space
and containing aften faintly gramular ma
terfal. A nucleus golgi apparatus and plig
ment granules were also sometimes seen.

Myofibrils

The slze and shape of the myofibrils
varied greatly in some coses the

scemned to contain only these smaller myo-
fibrils with no regularity of their array
The plane of section was never per
fectly transverse over & whale cell and
therefore the successive parts of the sarco-
rmerea could be recognized across a cell, a8

tlon has passed through areas whers
thin filaments are present
The array of thick filaments was regular
and hexagonal at the centers of the sarco-
meres (fig 3) and became less regular on
approaching the Z reglons. Where thin
ts were present between the thick
ones the ratio of thin to thick was spproxd
mately 2 1 In the Z region itself a close-
packed tetragonal array of dots could be
teen. Whh serfal sections at falrly high
power it was le to compare the num
bers of thin ts with the number of
paints scen in the Z reglon by marking off
a square of rectangle in the latter calcu-
lating the number of palnts present and
then counting the number of fllaments
geen in the corresponding area of another
section of the same myefibril It turned out
that there were twice as nunal points in
the Z array as there were thin filaments in
the A band in thiy contracted dtssue If

23 af probable the structure of the
Z reglon in beart muscle is similar to that

ranzind

then 1t {3 evident that the Z array as scen
in the present sections is made up of the
ends af both sets of thin Alaments meetlng
at the Z reglon. The sections were moder
ately thick and this probably explains why
both sets of filament ends were present
together

Transverse tubules

Theto were o prominent feature with
walls posed DFpL'umn b and
basement membrane They were scen al
most exclusively in relation to the Z re-
glons starting as Invaginations of the
sarcolemma at the edgs of the cell and
extending fnto the interlor with 2 certaln

amount of ramiflcation. Yy as
in figure 2, a “tubule wnldeuﬂ‘vlyingnt
a Jevel other than at a Z reglon it is poss!

ble that such a structure might be & cleft
in the cell rather than & tubule but
sections would be peeded to clarily this
As already mentioned 1t proved to be
difficult to obtain true cross-sections of &
cell at Z reglon level and the full extent of
the transverse tubule system cou]d‘notb‘e

ated in sin
the complexity of parts of the system could

the
clearly seen (figs. 1 3 4 6) so that there
is no doubt that the lumen of the tubules

vrith the extracellular space
Even the single scctions could hardly be
interpreted in any other way although
eimilar appearances might be made by
clefts rather than tubules however seral
sections (fige. 4-7) show clearly that on
be traced

interior of the cell Quite often as in this
case the lumen of the tubule was
est at the sarcolemma and widened out
inside the cell the minimum width was
600-700 A and the maximum up to 4 000
A the most usnal width being about
1 500-2,500 A.

In some cells and In some rexiony of
other cells the transverse tubules were
numerous and there appeared to bo one



TRANSVERSE TUBULAR SYSTIML 3

tuhulehemmnnr.hm_l;hbodngpaknf
subsarcolermmal m:

This partico-

I.nlyoccm'mdwhzre as in figures 1 and 3

the myofibril arrangement was very regu

lar \Yhere the were smaller

themdldmtappearmbalmbuleltunh
posxdble site for a tubule.

Relattonship of transverse tubules
to sarcoplasmic reticulum

The relationship of the transvemse to-
bules to the um oc lon-

gesting that it 1s ] by longitudtnally
rurming (fige. 8 and 9 and g
13) Thus, if in fact there Is only ane cir

Longltudinal connections
between transverse tubules

the rat (Ag. 13) and the gulnea-pig (Aig 15)
Findings ia rat and guinea pig

Ithnm]]ynotdiﬁimlttulm;imdlnnl
u-cd.ou:ufmamnxllan muscle to
trus tr tu-

cells with thelr wellknown ecalloped™
crﬂmmhm&Nmrthelm‘ltwud:tdy
desdrable to excluda any
particular artefact by making
lecmm:.

course arises a3 to whether any other arte-
hcththumnmneltcﬂmsmlld)ru—

ducclhenppe:!nnce:afhnginnd.umu{
the cell clefts in



4 ¥ O SDIPION

Nelson and Benson ‘63) that the trans-
verse tubules communicate with the extra

cd]u]nxe:z’a

The ence In favor of the transverse
tubules acting as a pathway far the spread
of the actvating impulso into the interjor
of a muscle cell has been fully discussed
In man oftbepupersdzed and it will not
be further discussed bere.

It 13 evident that the transverse tubules
are more readily seen in certain mam-
mallan hearts than in others the difficulty
in demonstrating them in the rat could be
due elther to a relative sparsepess of the
tubules or to sume physical characteristic
of the tubules in the rat renderng them
maro vulnerable to fixation ertefact, so
that — ay in skeletal muscle — thelr con-
pection with the exterior tends to become
lost.

The three-dimensional diagram of Nel
son and Benson ('83) illustrates also the
present nmhorloonctpto the transrerse
mbulxrynzm Lhumyoca:dlumo!luger

sectlons is made up of the ends of both
sots of thin fllaments meeting at the Z re
glan. The sections were moderately thick
and this probably explaing why both sets
of filament ends were always present to-
gether
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reglon of myafbrl M, M reglon of mycfixfl
‘basent membrans piy
tabule of 1 M,
‘reticutum at Z reghan PM, plasma membeane
extracellular space Foocytotic veukcles
flattened tubule of !
af myofitril S8R, sarcoplarmula reticulum
cormection betvreen T tranyverss tubale
Widening CSR
tobale of Z, Z regica of myofbell
reticnlum
PLATE 1

TXFLANATION OF FIUUNES

Figures 1-1% ere transverse sections of ox myocardial calls.

hmmmthmdpd-mﬂyrdmdaﬂ.m

Z, 1, and A regions of myofibells and also parts of the

tubuler system (T) X 12,500,

Transrurse section, not  Z rrgion level but neverthaless showing

Gesp invagination or trangverse tubule (T°) Flattened tobules of

retioulzm (FER) are sean againgt the cdes of the

transveress tubnles. X 18,800,

SHghtly obligus, mainty through edge of

fullcontracted call showing wide flat myoibrils other birarre-
yoflhrils. The has pavsed Z rogion jost

bove center and hare parts of the transrerm wre voem

(T) The array of thick end thin fllarsents in the A regions is

rwgulary near tho Z regiona, The dark vhadows xre 'act.






PLATE 3

LXPLANATION OF FrQUREs

Figure 4 {s an enlsrgement of pert of figure 3, and fAgurw 5 8,
7 axe sarial sections of the same wres Au-lmvnumhulo('l')

it, is cot at hifferent lovels uitpcn.trnnl.nwuucﬂl Anocther
tobuls (T ) becomes evident
Intricate h-md:mg tubules of the lasmic reticulmn (SR)
be discerned tn Agures 4 clove up

can and 7
the transverse tubule (T ) — (le. Iylng  bove below the trans
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FPLATE 4

XXFLAN TIOW OF FIGUAES

L Hmmvmdmdmem7wym
cousecutive secthons through the Z reghon of  myovfibell. Notr

sraph. Thers appesns
circumferential and longitudinal tubules. X 33,000,
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PLATL &
IXPLAN TION OF FICURRS

10 Transverss mction, partly t Z Jevel,

showing ramaifying transverse

tubule (T) Elenwots of sarcoplesmic reticulum (LFR)mnm

beside Incloding— t Z reghon only — perts of chewmferentist

fioe tobules (CSR) X 25,500

Myofibrfl cut mainly t Z level, showing parts of the fino
commections

cirewm-
o (LSR) Part
of tramverse tubule is also seen (T) X 47,000

5
E
?
3
a»

T tdnufclﬂ,lbﬂwin‘mmmtnlmh('r)
m cut at Z Jevel and others cut t A kevel. Ovwe fattened
tobule (FSR) of s t trans-
verss tobule oo the w-hn-thnmyuﬂhrrl'-umuAhlLBb
ments of erential tubnle (CSA) are present the
myofibdls cut Z level. The “strwtyl sune con-
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FLATE 6
XXPLAN TIGN OF FIGURKS

Flgures 13 14 and 15 show L dinal sections of cells of
animals.

different

12

Rat papllary muscle Sced by initel perfudon with 4% buffersd
£ brds, and eobveqocnt oenic acid fxatten, Paste of treny
verme fubular system are econ (T T T ) with  longitudinsl con-
nxum(m.,)b.m-r and T X 19,000.

Ox vm!:dcul.u mlmhx lﬂ;hlly oHiqu- longltodina] section abowing
transverss

reticul m L galnat the larger tubale. X 37,000

Cuinespig ventricula m f longitudinal section two trans-
'ﬂumbu]-(T T ) nd alongitodinal connection (Long.) bstween
them. 34,000









Patterns of Ongin and Distnbution of the
Major Bronchial Arteries in Man'*

AVERILL A.

Department of

New Hawen, Conmectiont
ABSTRACT In 50 hurys preprred as
ment of the broochial arberios,
riar broochdsl tronks wide; pext
to the left ooe

It is surpeising that while much has been
written on the distribution of the broochisl
vmell wnhtu the lnng (‘Mﬂ]ﬂ '25) and

Pathology Yale Unhertity School of Medicine

nm:daetpedallyindimse(Woaimd
Miller "38 Liecbow S0 '62) there is little
informatien concerning the modes and
levels of origin from the acrta  This sub-
ject has assumed some practical impor

expanded bronchial arteries
constitute the blood supply of pulmonary
neoph:mnndtbewvm.{lwnbom!he
terized (Viamonte '84) and used as a
route for direct introduction of chemo-
concentration

Hovelacqoe et al,
%Huyvh'ﬁo) with these vessels in
the most

srteries (figs. 1-11)
MATERIALS AND METHODS
The 50 lungs subjected to detalled anal-
yus were from adults who came to pe-
cTopsy as a result of injury or diseass not
primarily related to the lungs. The aorta
and its branches were washed, and then
injected i stta with vinyl by &
mrethod described elsewheres ( etal,
47) After partiz] hardentn n{lhnph.:ﬂc
the lungs and posterar
tures were. for inflaton, in;
of the y\whlnd‘——u‘
tree and finally corrosion in concentrated
hydrochloric acld. Ancther 100 casts dml-
larly prepared were also exsmined princk
pally for identification of the less promi-
Dent Y b hial arteries

4
are difficult to trace even in the most care-

Ar ) ax 17 a-n

Posterigr and arteuory bronchial

The main hmnr_hh] arterial supply usu-
ally springs from the aorta directly or by

T o trm 0 i, s

19



20 AVERILL A. LIEBOW

medlathon of an intercosto-bronchial ar

tal posterjor aoriic branch dis

tion of which is indicated by {ts name
The term accessory bronchial arteries
W‘mbcﬁml)loyedfurvuaellmchlugthu
from branches of the aorta other

even corcnary vessels of amall size  Only
those with a diameter exceeding 100 u
can be considered In the accessory group

Claxsification of bronchial
arterial patterns
Intbadacriptionmfuﬂow the mafor

above to each hng In this classification the
branches of an artery distributed solely to
one lung sre not counted as scparate

arterles even though they may
proceed to separate lobes (fig 6 B) When
a trunk is distributed to both Jungs the suc

terdes the reference being to the relative
levels of origin from the acrta and not the
ultimate level of disiribution within the

TAWLE
Distribution of postsrior brewckial arteries to cack lunp

Numbery of o
Trre rnckial axwnes  _ Prewateeciss PR, » e A
Left Pught Humber ® Namber @
1 2 1 10 20 £1 4067
I 1 1 5 10 -3 amn
m -3 2 15 0 a 20.67
™ 1 3 8 18 14 .33
v 3 1 1 2 ] 4.00
VI 3 ) 5 10 a 100
I 3 3 1 ] 1 ¥4
v 4 1 1 087
x 1 4 1 o.87
X 1 3 1 1
X1 3 3 1 2
paid 3 a 2 4
xm 4 2 1 2
Totals - - 50 100 150 100.1



the terms employed for the two central
hranches.

Analysis of mafor patterns of posterior
bronelial arteries

A of cbeservations made
upan the 50 casts In the t series,
with the resuls of 150 de-

by
presented in table 1 The first nine groups

T

ARTERILS IN MAN 21

listed are the same as those of Cauldwell

of the norta (see table 4 and fig 8)
In cur experience the most common ar
rangement, sccomnting for 30% of all



22 AVERILL A LIEBOW

Fig. 3 Group UL All of the broochial

to-broochlel trunk. One common
Thus truck s the source alwo of

beanch of RL ks

in precading figmes.

ther
specimens {s that of group IIT where two
posterior bronchial arteries are distributed
to each lung (figs. 2 3 and 4) Meckel
(1831-32) concurs in this statement
Next {n order of incldence (20% ) is the
arrangement commeonly presented as the
classical by many including Cauldwrell et
al. of two left and one right bronchizl ar
terles (. I) The inverse arrangement
(group fig 8) is almost as common in
our series as the clasxical, while it is only
one-fourth as frequent in the Cauldwell
scries. In this we are in agreement with
Hovelacque et al (‘37) (see page 137 of
thetr monograph) although they maintatn
that the arran, t two on one side ane
mzbeuppuﬁfthumm, 1
Fourth in arder of ncldence in our ma

:Egg




JAJOR BRONCHIAL ARTERIES IN MAN

Fix. 4 Group II. Two commen aoTtc trunks ars present.

rior brenchial srtether

spective percentages in the Nakamura se-
ries were 78.8, 17.8 and 2.4 It is inter
esting to note that in the 13 where there

ungs (fig 1)
by Boyden

Origin from intercosto-bronchial
tranks

At least one intercosto-bronchial trunk
was present In 37 of the 50 spectmens
(74 ) The percentage in Cauldwell's
group was 88 7 and in Nakamuras 81.2.
This wxs tly the vessel that
yielded the first aortic Intercostal artery

Several esophagral and medi-
mmmmwmmm
precedimg Agures.

(table 2 fiyx. 2,5 7and §) In 31 of the
37 specimens onl: dngle intercosto-

sé
SE:
g
d
i

E

4

258
gfiaé £
£

tercosto-bronchial trunks
origln fram the right dde of the aorta,
mthanlhallupp‘h:d:hmnhhl cry
to the left I L A

i




stances. In both of these thers was a
doubls Intercosto-bronchial trunk ome of
which the caudad, ylelded a solitary left
inferdor branchial artery Thus it fs ap-
parent thet 41 of the 43 intercostobron-
chial trunks listed in table 2 vielded a Hght
bronchial artery

arteral tremk eamw
ety A i At he Tighi srpere Droociiel

4 1
28 13 1

1
et of A

P

off the sacta at

Forry-thmpermnto!aﬂgﬂlbf“"
chial arteries were of ini

arigin while 84.3% anhaleﬁhrmdﬂﬂ
arterles spreng directly from the aorta.



JMAJOR BRONCTIAL ARTERIES IN ALAN

Mediast

Branch — —=—-—

TANLE 3
Onginr of commen Lronchial arterial trumks

tiddle Other symbols as fn preceding Srutes

11
an
10

4
7
4
7
-]
4
4

Intercosso-bronchlal erigm
b Aotk odgin
2 One common trunk, other BA of srparas arlging

o JIocdudmg one ef insercosto-broocinal arigin
b Aortic ongln ¢f CT ouly
Total specimen, withC T

Al BA. from single common trenk
B A Bremchisl arteties CT Commen treak

Douhle commaon tranks

1
3



26

In only eight of the 50 specimens did
all of the bronchis! arteries arise sepa
rately from the aorta, or from an inter
costo-bronchial trunk (g 6) In the vast
majority (84% ) there was at least one
bronchial artery which ultimately supplied
the bronchi of both lungs (table 3) It is
remarkable that common trunks were
noted m only 26% of Cauldwells dissec
tons

AVERILL

A LIEBOW

In 11 lungs a solitary comman tnmk
vras the source of all bronchial arteres of
both sides (fig 1) Four of these were
intercosto-bronchial trunks (all derived
from A ) and seven sprang directly from
the aort2 as described in the preceding sec
ton.

One commmon trumk, associated with
additonal separately derived bronchial ar




MAJOR BRONCHIAL

terles was found in 21 of the 50 speck
mens. Four of these were of intercosto-
bronchial origin while the other 17 toak
from the aorta
trunks were found o

common
ten specimens (fig. 4) and in sx of these
trunk had an inter

ARTERIES IN MAN 27
Branches from the lateral or anterior
surfaces of the concavity of the
arch of the aorta above the
first aortic tutercostal
The presence of arteries arising high on
the anterior gr right lateral surface of the
aorta above the firet aortic intercostal
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TABLE 4
Brawches from right lateral or anteror  rface
of arch of aorta Love A
1 Left}Right 18
2 Laft superiar alone 8
3. Rightalons 5

(figs. 4 and 6) has been mendoned but not
stressed by previous observers. Such arter
ies were found In 54% of the

in the present series but in anly 14 7% of
Cauldwell s dissections. The observed ar
rangement of the vessels {s indlcated In
table 4 lnnmofdwlsmtheﬂmgmuf
of that table two separate trunls tool
origin in this position.

In ane of these

the lmnig::mt wan feft superfor plos
right infe

Armangermen
and right superior plus left infedor

Anterior transit of posterior
bronchial arteries

In many Instances 2 bronchial artery
supplying the rght bronchial tree
over the left maln branchus i
fashion and then passed anterjorly of
trachea at the level of the carina to be
tributed within the dght lung (figs 4 7
and 8) This circudtous arrangement
observed {n 23 of the BO casts but it wns
noted In only 8 7% of Cauldwells dissec

]

3




MAJOR BRONCHIAL ARTERIES TN MAN

tions. In instances where the aorta arched
over the right main bronchus rather than
in its position, the left bronchial ar
ts samnetimes

Acvessory bronchial arteries
Only occaskomally do the accessory bron
chial arteries represent the major bron
chisl arterial inflow To discover these

demonstration by dissection. In the prep-
aration of the casts in the present investd
gation, injection of the costo-cervical trunk
was

transit (19 instances) but in four it was
the dght inferder Such rght bronchial
arteries usually (In 17 of

lished routinely but the tech-
nique was not designed to inject more than
the first few millimeters of the other pri-
mary branches of the subclavian artery
Had this been done doubtless additional

Y arteries would have
been found.

In approximately 150 casts sizable ac
cessary bronchial arterfes were demon
strated I four {nstances (fig 8) In cer

other (fig 10) at hial




Topograpkic relations of origins of
the bronchial arteries to the
vertebral column
In the present serles at least 75¢ aof all
mafor bronchial artedal trunks srose at
the level of the first or second aortic mter
sta! arteries that is at the Jevel of the
fitth ar sixth thoracic vertebrae In Cauld-

t
bg-ofhmnchhlvcncbfm'l.hrﬂmd‘d'
was 1 90 while in Cauldwell's it was 178
the respective average numbers for the
Ieft side were 1 78 #nd 1.37 -medimz
ancy is even greater fn relation to the
servations presented by Naksmura. In part
thmaybe-m:nerofddﬂ‘mwd
majar branches of a bronchial
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arigin of major right and left bronchial
tedes from a wingle which

i

accessary

common with & major coronary artery or
from s persistent ductus arteriosus. Iso-
lated instances have been described of
bronchial arterdal supply derived from the
aorta below the dlaphmragm.
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A Fluorescence and Electronmicroscopic Study on

Certain Brain Requons Fach in
Monoammne Termncls

XJrLL FUXE, TOMAS HOKFELT awn OVE

D

¢t | Hutology

Jeodwe, §u eden

Institutet,

450 A) or— large
In gafmals treated with  lome dose
sut types of oy

mmwdmmmmmdrm&m
calluler Jeve] and

aif

Specific exist in the terminal, lish
central nervous system and there is littls mmmmw
doubt that they are (cf e b types of

ultrastructural

Dahlstrdmn and Fuxe '84a, b; Fuxe 6€8a)
The bel these

to
are t in & vast number of areas and
ucﬂtnnnondxvnxhne A

ing snd storing dopamine (DA) NA and
Shydroxytryptamine (5-HT) respectively
These terminaly are aften concentrated to
certain nuclel and regions. DA terminals
are accurmulated e g in the noceuns cau-
datus putamen  (neostrlatum) (Andé.n,
Carlsson, D

IDOT0R-
mine terminals at the

and finding out with which cell structures
they make the synaptic contacts.
MATERIAL AND METHODS

Aboat 160 male albino rams (Spragve-

Dawley b. wt 200 to 250 g) were used.

Allr@dounfthnpmmlmmmmn

dage inhibitor nialamide (500 mx/kg Lp.,

b to 6 bours before kiling) was adniints

tered to 1B antmals This treatment pro-

duces a very increase in the SHT

content of the S-HT peurons and the ter

normal raty and 3 and 5 raty treated with
nialamide and reserpine were
sacrificed far electron microscopy The
rest of the animals were taken for fluores-
cence

microscopy
Fluorescence microscopy  The animals
were killed by decapitation under light
cther anaesthegls. The peostriatum, pons
+nd medulla oblongata were freeze-dred

n
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treated with formaldehyds gas for ane hour
at +80 C bedded in tl d
(mainly crosssections) and mounted as
previcusly described in detafl

and Fuxe 64a) During the formalde-

~—such as DA and NA—and 5-HT sre
converted into strangly fluorescent 8 7
dihydroxy 3 4-dihydroisoquinolines and
B-hydﬁ-a “ﬂ‘hidﬂ
green yellos fluorescence respectively
(Corrodi snd Hillarp 63 ‘64

Electron The brain of the

perfaston
barhital anaesthesla (35 mg/kg

1p.) with & glutaraldeh; te
solution (5% glutaraldehyde apd 2%
nm bichromate in a phosphate buf

er pH = 8 4) (Sabatini, Bensch and Bar
nett, '63) for about 10-15 minutes accord
Ing to the of Bodian and Taylor
(’63) Small pleces of the caput of the

tetroxdde solutlan buffered at pH 7 4 with

verunal acetats rinsed dehydrated in 1

~alcohol and embedded in Epon (Luft, '61
¢ two latter pleces were cut for Hght

microscopical sections
solitarl (fig. 3) and the substantla grsea
tricularis were Jdentified and these
nuclel were tdmmed for electron micros-
copy The sections approximately 00—
700 A thick, were staloed with oranyl
acetate followed by lead staiming (Rey
nolds, '83) An RCA EMU-3a electron mi
croecope was used.

RESULTS

The synaptic terminals of the central
monoamine neurons — lke the perdph
eral adrenergic terminals — are tenminal
branches which show abundant and char
acterstic varicosities slong their entire
length (Carlsson, Falck, Fuxe and Hillarp
exhihdt

Fluorescence microscopy
Nucleus cqudatus putemen, A strong,

much less frequent than the green-foorer
cent s, Aft lamid

however they developed 2 fairly stroof
flvorescence and could be seen

No obvicus increase in the o
the CA terminals was cbeerved after ths
The substant lrls

are present. b
Reserplne was found completely to
uhtbeﬂuurea:enceufr.hemmlmllm‘“

the reglons studied.

(presynaptic bags containi?f

‘64 Fuxe, '852) The var
a strong specific fluorescence due to the
presence of very high concentratons of
the respective monoarmines.

Boutons all the
ynaptt vtﬂ:la)mlnm‘mm
reglany studled In the neostristum g
of them bad a diamster below 04 ¢ (
4 and 5) while in the nucleus tractus
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€ 10 and 11) The post

synaptc junctioms
found in the regions studied.
DIECUSSION

There is Hitle doubt that the abomdant
varicosities octunring  along the entire

g8
]
i

oiit
]
f%
;
:
g

-8
i

varicosities (mainly 05 to 2 u thick
The varicositles of the 5-HT terminals in
the substantia grisea periventricularls are
smaller (0.3 to 1 u) In the neostdlatum
numerous bowtons were found to be smaller
than 0 4 y, and tn the two other reghans the

showed a size range covering that
of the varicoxdties.

In splte of the fact that

seemed to be axo-dendrll of
type L according to Gray (50 ‘8lab) (fge.

P may
size and structure of the vexicles true dif
ferences may exist since boutons with well
vesicles of different stzes could
seen lying close together (Ags. 0 and 11).
The granclar vesicles found had a more
ot less dense central core and were about
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800 to 1000 A In dismeter Le of 1
according to Gdllo and Palsy ('83) Gran-
ular vesicles of different types have been
found both In the perfpheral nervous sys-
tem, e g in the gutenomic ganglia sand in
nerve endings In smooth muscle (Taxd,
‘812, b; Richardson ‘62, '64) and in the

large granular vesicles were always
fow fn comparison with the lﬁnlﬂﬂ: vesl-
otos in Paper

d there
is Hitle doubt that most of NA 18 kept

grino de Iraldl and De Hobertis "63)
which produces increased levels

wise to induce no changes in the appear

mediath
(Htkfelt, unpublished data) which coo-
taing practically no monoamine terminsd
(Dahlstrém and Fuxe ‘84) Therefore X
may be that, with the methods used, the
latter eppesr s small agranular vesicies
In the rat ids for instance, the varko-
tdes of both adrenergic and cholinergk
terminals have been found to be filled with
lgmuhrvrdclac\fthanmﬂlppam
(Nilsson, 84 HOXlelt and Nilsson, '65)

The vast mefority of boutons in the re-
glom studied form axo-dendritic junctios!
and very few axo-sometic synapses see
to axist. Therefore it may be that most of

terminals in these

No axp-axonal synapecs

observed (cf Gray '62) Them il
tnminﬂ-tbaefmml’fmmd,
if any — such junctions, ting U
presynaptic inhibition — 1if present— 2
not Iy lved in
transmission In the regions studied.




FRATN MONOCAMINE TERMINALS

37

Fuze, K 1986a Evidence for the existenco of
monoamine nevrons in the central narvows sy
tem. [T The monoamine nerve

573-006.
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N 1L of Neurologlcal Diseases
and Biindness.
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FLATE 1

1 Superficis] rone of the grisea of nia)
amide treated rat. Transverse pection. The very fine 5-HT terminals
are 50 closely pecked that they appsar a5 o muss of pellow-Auorescent

(G) lying jost under the epandyma (E) of the foarth ventricle

motodus
nervl vagl (D) and nocleus bypoglossus (H) are observed lylng vo-
der the fourth ventricle (V) X 170
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PLATE 2
EXFLANATION OF FIGURXS
Nucleus caud tus putamen of normel rat. A dense plexus of very

fine sxons, and soms bontone containing sgrsunlar vedcles. Two
large granuler vesicles ca  be seen (->) x 36 000,

Nucleas caudstus putammn of normal rat. A large oo of wmall
boutons (b) bcmo.itua4¢|ndnle.,lmundlb-hm of the
resolving power of the fluorescence mucroscope. X 39,000

boutons con-

Nocleas caudstus puatamen of normal rat. Many large
?unmlnmnnlnmtla. ﬁa-ncn'nq:-nftm I can be observed
) X 24,000
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PLATE 3
FXPLAN TION OF FICUNIS
7 Nutleos trectus solitsrll of norma] rat. Twoe large boutoos (b) with
bigh content of agranular vesicles. Large granuler vexicles (—)
¢an bs sesn in boutons and in AAne axons. ¥ 32,000
8 Noclkeu  tractus solitaris of potmal! rat A large dendrits (d) sur
alar
( =) while the others contain small vesickes. Granular
aocles are pretant in some bootons and in fine sxoms (—)
~# 23,000
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FLATL 3




PLATE 4
IXFLAN TION OF FIGURLS

rrivea of noomal rat. Two boutons
padudmu“mnulunddu t different ¢ize ranges. One bouton
(b1) contains vesiclas of about 530 to 800 A in diameter and tha other
(by) vesicles of about 350 A in dlameter X 25,000,

Substantis grisea periventricularis of normal rat. Two boutans (b}
with agranuler vexicles. Ornbonmnm-kum:pdccmnnoltw-
I()wmth spmeof denddte. X

8 lxunﬂ.l;d.mpuﬂmﬁ‘iculn:hn!nalmﬂnt. Threo boutans sach
conteining uler vexicles of certaln ctimr by vesicles of sbout
m—ﬁmkb,vrddnnf:bouthmdhnllhuuthtndnm—
ter by and by make syn ptic contacts of type I with the saume den-
dadt (d) X 34,000,
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Secretory Epithelium of the Large

Axillary Sweat Glands

A CYTOCHEMICAL AND ELECTRON MICROSCOFIC STODY '
LUIS BIEMPICA .iwp LEOPOLDO F MONTES
Iastituto de Biologle y Medicine Experimunial, Burmos Alres,
oo egy Bayior Collegs of Medictar

Hexrion, Trxss

ABSTRACT  The sccratory cxlbs of logpe sxillary ywest glands from 13 parmal

of reaction product The marphalogics! and eytochemical eharso-
teristics of the brare end cell (Geoligl
chondris, endoplasmic reticnbam, secretory granales) ocbeerred. An
of the vectrinry process wes ttempted Most of the evidancs epoks the
an apocrine Poesibly sone of the mmethode also
could be oaed for the demosstration of action on the LABG,
The of MATERIALS AND METHODS
of secretion in the axillary

llrzer sweat
glands (LASG) of humans has never been _ This study was performed ustng axillary
conclusively proved. Contrary to ety 'K from 12 normal volunteer
histalogic observations (Krampecher *19  2dults S males and 3 females)

Lotschke '25 Klaar ‘96 Herrenberg, ®7; iD 488 16 to 38 years 11 whits
Karrenbery, 28 Richter "32) mare recent 0¢ Negro. Blopsy specimens were ob-
cytologic studies (Minamitamd, 41 Mon. famed removing a 2X 1 cm
tagna, 59 Montes et al. ‘60) have cast of whale skin efter administering
serious doubts regarding its existence. anestbesla (2% xylocaine without
Fuarthermare  electron ople reports ine

Charles B9 Kurosumd et al. ‘59 Hibbe

62 Yasoda and Ellls; Montagne, "82) Cytochemical procedures

seem to indicate that a severs distorbance Ono-half of each

Little s known about the farmation of

secretion granules, their chemical natire  tained on a Ledtz freezing microtome after

or ulthmate fats. The precise ultrastruc  removing the eptdermis.

'm‘”‘llfdcvtmbmlml‘dlmnmi‘qu For evaluation of plasma and
2 a

ot arrson und et wr ol pacet demoto oot (TP
en- was £

Zymatic activity of the lateral membrancs utlog the method of

have to cur kmowledge not been invest- Thhy frre v
e fotia Conerte
In an attempt to furtber und nrin et B e Ameia Tt A2l

oein s o at la BT T

Eriochemical spece of these plands, The i Gt < Ao el ar ST
= =

resction prod:




48 LUIS BIEMPICA AND
Wachsteln and Medsel ('57); lysosomes
were marked by their acid phw:huua
(APase) activity (DeDuve ‘59

‘61) using the Gomod medlum ('52) the
Golgl apparatus vwas identified by its ability
to split nucleosidediphosphatase (Novikof?
and Goldflscher 61 Ibid, '81) with inozine-

LYOPOLDO ¥ MONTES

incubated tissue When the sections were
in absolute ethapol the glands were dis-
sected under the binocular sterecmiers-
scope, cut in smsll pieces and embedded
in Epan,
Control sections were incubsted fn the
same media but without substrates and

diphospt (IDP) ar pyrophos-
pham‘éd'IIPP)almbttratu. urmil.oc.h

pyddine nucleotide (DPNH) and reduced
tdphosphopyddine nucleotide (TPNH) vrere
used as substrates in the tetrarollum pro-
cedure (NBT) (Novikoff et al. "81 Nanh
las et al. '57)

A For lght microscopy 10 p sections
were cut into cold distilled wwater and in-
cubated at 37 for 10 to 30 minutes for
ATPase 5 to 30 mimres for acld phos-
phatue 10 to 30 minutes for nucleoside-

k 10 to 30 m! for DPNH
~ tetrazolium reductase and 20 to 60
minotes for TPNH — tetrazollum reduc
tase. Unfixed 68 u cryostat sections were
used for demonstration of succinfe dehy
drogenase activity The incubatiom time
for this enzyme was 30 minutes. After
incubation, sections were pnsed in dis-
tilled water The sections incubated in the
fferent medla with phosphites wers ex
after tmmersing them {n dflute
yellow ammonium sulfide for 1 to 2 min-
utes, and then washed. All sections were
mounted in Kaiser's glyceroge! (Lille '54)
Occasionally cryostat sections were
used for du.munnndon of mddnuva en-
zyme activity

B Furcyiochemlcalrtudtna:tthellvc
tron microscope level the skin way fixed in
formal calcfum overnight or in glutaralde
hyde for two hours then washed in caco-
dylate buffer (Sabatini et al. '63) Sec
tlons 25 to 40 p thick were cut into cold
5% sucrose incubated in the phosphate
medium with sucrose in the same concen-
tration at 37 C wl!hlhlhngufv.bedhbu
to avaid precipitation The opttmal tncuba

etermined

Ok
h

1

d in the same way as sbove.

the were under the bk

nocular and trimmmed &

dny These were tramferred ©

gmpycnuuxd.denndﬂnjﬂymbeddtdln
to the method ol

tion time was di
of the sections in lght apmonium lul:ﬂda
and checking them with the lght micro-

Sectlons incubated tn the APua

and TPPase media without vi
'.he sulfide solution vrere washed in tha
smucrose solution, fixed in osmium end
processed in the manner described for un-

ey are
ve an
stodes, to cur
Usews gland
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dance of vesicles 0 02 to 0 04 p in dlameter
which {n favorable sections resembled an

tures pertaining to the cytopl I\c argen-
elles are mrmmarized in the following pera-

graphs.
1 The Cell Membrane presented many
tions. The huminal surface was
microvill

level the cell

gave & light stain reaction at pH 7.2 and
pH 84 The splt 1 d

vhible with op-
(fge. € 7 and 8) With
ahort incubation thmes they a)

nal

in the bottom of the cell. In high columnar
cells loaded with ules the APase activ-
ity was so

~
t
®

from nucleosid hosphate to nucleo-

ate.
2. Golgl Apparatus was an impres-

disposition (fig- 16) There was an abun-

reductase ty particularly strom
around the rrocleus (figs. 10 and 11)
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The electron microscope revealed that
rounded or oval mitochondria with a dense
matrix and occadonal osmiophilc dots,
wrere also numerous in the base of the cell
(fig. 13) Many of them were closs to the
b{

and even disappear

ance of cristes (figy 17B 17C 18)
5. The reticulum was dis-
trdbuted among the mitochendrde as rough
nn:facedmmnln;l"nu(ﬂg. 13) There slso

ion b

(
) but were fairly well de-

a
cells (fig. 124) Scarce

i
j2
&

DISCUSEIGN

The secretary cells of the LASG
to be good material for cytoch

tron microscopic and electron h

LUIS BIXMYICA AND LEOPOLDO F MONTES

Its {nfoldings are n relation to intercell
ular spaces connecting the cell with the
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cal studies. The ab of the

es from both the apical cytoplasm
and the Tumen earier thoughts
(Montes, '60) that they are not the end

1
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nently in light mictoscopy of LASG
(Mantes et s, '60) The ability of this
3 to 1

S Hoh
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drial transformation into

granules (Bern-
hard et al, '35 Wallace '60 Novikaff '81).
The difh n 1 tion for

split
tes, chserved in many types of cells

APaso from one cell to another could mean

may

ggested by others (Mantes,

et al, '60; Montegns, '92) (fig. 12B)

urthermore  we fafled to cbeerve any

or cellalar detris in
which

must be a ed by some other mech-
itz The.sharsen of b
;lepmﬂtmrpuhlnlnnthemmrhn
them by an spocrine process. The “apo-
processes  in the sense
painted out by Kurosuml et al ('59) were
never either The
large vacuoles beneath the lo-
minal sarface have significance in the
ext of the The material which
through the apical
following disintegration of the large
ules could be m
smooth transparted to the
luminal surface. The of a coal-

cal cell membrane was suggested by :I'»:;
of our magnification electron micro-
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Qur cbservations lead us to suggest the
following hypothesis (fig. 22) to explain
the sequence of mechanisms in the pro-
duction of the secretion.

(1) The absorbed material, mainly lons
and water passes through the numerous
Infaldings of the basal cell I; rch

LUIS BIEMPICA AND LEOPOLDO F MONTES

tests of the apocrine sweat ( 60) One cec
tron micrograph by Montagna ('62) sug
gests that the large mature granules

in nucleosidetriphosphats splitting activity

(2) Mitochondris, present in large num-
bers in the basal portion of the cell, supply
tmportant oxidative enzymes necessary for
the early synthesls of the secretion.

(3) This is accomplished by a dearly
developed ergastoplasm (endoplasmic retic
ulum)

(4) A furtber elaboration takes place in
the Golgl apparatus where the preformed
secretion s enclosed in smooth surfaced
membranes cantaining high TPPase levels
and possihly other hydrolytic emzymes

(5) The lyxosanes or fmmature gram-
ules located in the Golgl area gain sirs and
electron

(6) Mitochondrial changes suggest the
ty that sarre of the granules arise
from mitochondria.
(7) The lysosomal enzymatic pool car
s out its digestive process the in-
a‘rpontndmxtzxuh.um es become
and
(8) Mature granules decrease their den-
sity lose the APase actvity and finally
break up spreading their content on the
cytoplagm. Dense small droplets
and dark particles are visdble in that region.
The pext step although not detected by
us, vas suggested by the presence of vacu
oles benesth the luminal surfaces A mech-
anism of exocytosis the reverse directional
of pinocytosls (Aloore and Ruska
'57) could likely carry the material into
the lumen. If this latter paint is definitely
proved it will mean that these glands are
not really apocrine
Ancther question to be clarified {s the
nature of the small dark particles in the

DPNH (Hayano et al ‘50 Yielding and
Tomkins "59) Corticosterone inhibits ad-
daton of DPNH and cortisol acts simflary
but 1s less potent (Jensen, 39) Cortind

h could be d rated

somal stability (Wetssmann and Thomas,
82) It will be interesting to look for Iys>-
somes changes induced by hormomes it
the LASG also
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TXFLANATION OF FIGURES

3 LASG tobules tocobeted in TPP medium st pH 7.2 for 30 mimtes at
n"&'mammmmmdm&mmm (g) arv shown
x

4 Same section a3 fn figure 3 A cross sectiom of varons cells T
trating the netwitk of the Galgl spparatu (arrows) ¥ 1,600

5 Same section as in figures 3 and 4 A langlitndinal section showing
the picturs of the Golgl apparstos (arrows) X 1,600
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LARGE AXTLLARY SWEAT GLANDS PLATE 4
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LARCE AXILLARY SWEAT GLANDS
Luts Beacpics and Lespeide F Momtes

poxtion of two adjacent secrvtory cells with free N wurtace
«re Do gravubes beneath the free border Cranales show
x 13,800
vl showing microvilll and many vacookes. Amow polnts
qwiee abandast In the plcel portion  x 19,000,
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PLATE 14
IXFLAN TION OF FIGUALS

Sectlon proossecd i the same way sg in Aqum 10 Saveral I
(L) oberved fn tha Golgl region are bown. The pnd;:tnuunumly
st the paripbary of lysowctes. X 51,000,

mmm.ﬂmm:n-dmfummz-narc. The
TFPase otvity bs the Golgt (g) % 25500.
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Mitomis and Differenhation 1n the Stratfied Squamous
Epithelium of the Rat Esophagus

] P MARQ
Department

Am‘(.‘l‘ The fate of the cells of the stratifed

axp C. P LYBLOND

DES PERETRA
of Amatomy McGill Untoersity Montreal, Comada

§

was
eingls {ajection of tin
Soom after

squamons epitbeltum of
lly in young edult ras ¢ vasious time

injertion, labeled cells mhﬂ-hu:lhmvf'.heﬂ’
(stratmm bagale) During the following 12 bour the labeed ceila
synthexhy and

fihettum
camplated DNA

niitons, and mostly remamned in the basal laysr. After 12 hoors, how

ot
calls; r-frl.:rmddm
md(u)unrdnhmpuzddm- «nd ooe spinons (er granolar) cell. Since
not

were encountured t the two time mtervals, the mitoees could
he eentis] (i which case the pairs of dsughter calls would consist of  cell re-
maining in the bawl layer another migrating to the spingus layer that iy, all patrs
woald was poch as to

since ft

The cells of stratified squamous epithelia
are renerred continuously as the prodoc
thon of new cells in the deeper layers of
these epithella is balanced by the loss of
celly from the mmface (Leblond and
Walker '56)

bﬁﬂxerplmlﬂunfm-thhmwﬂ

Emmhtelhatmlmdcd.lvl—

dam of epith

that ts twodiﬂ'crcntd.nughtzrcdh
one which remains in the layers to
divide again and another which migrates

of division the number of mito-
l-‘llecdllwmldtmml.ncmlm even
thaugh differentiated cells are belng peo-
doced and lost. A steady state of the re-
pewing celly would thus normally result
from differential mitoses.
Unfortunately there ia no evidence for
lhecdﬂmo{ differential mitoses in re-

Am ] Ax 217 TasQ

vewal systems. In fact, it has been shown
that sperma mitoses are not differ
entlal in the testls of roonkeys (Clermont
nnchqund,‘BS’)mdrnu (Clermont, '63)
Prellminary work

the epitbeliion of the
ntewgﬂyuhﬂedtndemmchnﬂ:m
either ond Greul}chanchrdn‘B().
The t work undertaken n

presen was

10 confirm this conclusion butlhoza

for evidence thet the two daughter cells

ariaing frum each epithelial mitests of the
esophagus have potentizlities or in

othﬂ- words that the mitoses are equiva

a preliminary experiment, rats were
ucﬂ.ﬁced at varlous time intervaly after
1 of thy H* and sect] of
the h were rad The
pl‘epnrnﬂommad.eltthetlrryllmo[nttr
vals were used to find out which cells of

' hm‘"‘m‘%

'?nu mu- b-
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the epithellum synthesize DNA and under
go mitosis. The preparations cobtained at
later times served to gain some idea of the
fate of the cells arlging from those mitoses,
In

Pper cross section and as per cent of labelsd
cells out of the basal layer (table 1)
Mapping experiment
It was that the two daughter

another experiment the two daugt

cells arlsing from a mitosls were traced in
detafl in animals sacrificed 24 and 48 hours
respectively after thymidine-H* injection.
The method used was based on the observa
tion that when a thymidine H* labeled cell
divides the daughter cells are also labeled
and each ane contains half or nearly
half the radioactivity of the mother cell
(Taylor et al. 57) Hence in radicauto-
graphs the two daughter cells of a mitosis
should be overdald by approximately the
same number of aflver grains The actual
work consisted of mapping the labeled cells
of the esophageal epithellum Any two
juxtaposed cells showing the samme number
of slver grains were taken to arise from
the same mitosls It was then possihle to
determine whether or not these two daugh-
ter cells had the different fates postulated
by the differential mitosis hypothesds.

MATERIALS AND METHODS

Preltminary expertment

Twenty four young adult male Sherman
bino rats with o body welght of about
0 g recelved a subcutaneous Infection of
17 of thymidine H? (360 me/mM) per g
body weight at some time between 9:00
AM and 11 00 A3t The animals were
then sacdficed at 20 and 30 minutes,
1236 12 24 48 and 72 hours afrer
thymidine-H® injection Each time group
included two animals except the six-hour
one which had four and the 20-minute
group which had one animal only
The esophagus was fixed in Bouln and
embedded in parafin. Transverss sections
were cut at 3 u, stained with bematoxylin-
eoadn and covered with NTB2 emulsian ac
cording to the coating techmique of radio-
autography described by Koprwa and
Lebond (‘62) Exposure time was 30 days
The number of labeled cells in the bagal
and other layers of the esophageal epithe
llum was counted in several cross sections
of gus up to a total of 400500
labeled cells per animal After correction
by Abercromble s method (48) the results
wrere as number of labeled cells

nucle! arixdng from a labeled mitosls would
not only be equally labeled (Taylor et o
'G7) but would also be located side by side,
with no other nucleus in-between. Obr
ously the selection of such mucld codd
mly be done In serfal sections. It was
therefore decided to serially cot
radicautographs and w‘ort out two-dma-
slonal mapa of the labeled muclel

Serinl cross sections were cut of te
esophagus of two 200-g rats which &
an t af Messter and Lebknd
('60) bad been wacrificed at 24 and #
hours respectively after thymidinef ¥
Jection. Thirty sera] radiocawrtographs were
prepared for each antmal.

The mapping teclmique was smilz ©
that used by Clermont and Leblond (%)
to identify and patr spermatogmia
from the same mitosis and s shown &
gramatically in figure 1 The
the esophageal epitheltum hx
mxzprll].nghdeplt:tev:luAcy].Ll'N‘ch‘tm"!"3‘l
angd

LS

that for mapping the strips are
to o flat surface as done Lo the upper P70
of the diagram The labeled nuclel Jocawed
in the basal layer are transferred "ﬂh-g:
strips onto the flat surface (fg 1
line circles) Alfurthalabe]{;i;il‘l):il’“’
ent in the spinous and granu!
nmdnwnl.nulfpmjectedanﬂ!h’d
layer (broken line circles) o
Far the actual work of mapuing, €
serial section of the reglon selected i
photographed at 500 X Silver mlﬂ;;d_{
then counted over all the labeled o
visible In the serfal sections and s
count was written in an the photog?
coTTespoT

g

2 landmark parallel to the long
agus (e.g & blood vessel)

i s
lected in the sections and dravm

in on tt



MITOSES IN ESOPHAGEAL EPFTTHELIUM

TARLE 1

Dastribution of labeled crils in the
{Corrected

Layer of the A 1

by Abercrombie’ method)

Moan cmber of Labeiad cells A
- e o
Lajectien Total Rasl and the o~

WogEe B

haers
03 5 15 an 0o -
oe 40 40 o1

-] ) 01 ot -
1 B4 .} 0.0

E] 33 03 03 -

70 70 00
' 47 47 00 oo +

61 61 o3
: & " o5 bl +
[ ] (5] 14

84 D 11

80 n 18 bl +

100 97 27

0 o7 21

13 I 39 20 -
2 &0 Lad 130

o £ 170 185 -

ks + 3.0

1 5 540 452 +
ke 130 67 5.0

14 ® 450 a“s +

map as a vertical line crossing the rows. drawn together ss 2 single nucleus in

Then, the photograph of the first sectlon which the grain counts of each portion

was placed on 1 hordrontal x-ray viewing were recorded (fig 2. top) These counts

wmmem;p&?.pergurupﬂﬁ were added and the total number of silver
posed in such a way t vertical grains per nucleus, recorded on a elmpll-
mnddedlhﬂ&hedthelmﬁuh The Paper fied version of the map (fg. 2, base) In-
was then ted repeatedly 10 25 to make cidentally the map was also divided into
the Hne above the first row follow the base P

to by letters (fig. 2 top line) eo that a
gtven cell could be identified by two coordi-
nates.

With the help of the maps, it was found

rule was rigidly observed in the 24-hour



76 J P MARQUES-PEBFIRA AND C P LEBLOND

TARLE %
Frequemcy of P walees of the differexce hetween the g7 | cownts of the
tu onlls of preswmed pairs
10 oW >P>070 0GO>F>040 OMD>P>IN

exal patrs 10 a7

9
AMuoced patrs 3 l: :

ow

1
4
1

g
5
:

map (although this ls not apparent for all \thtbetwonrmbﬂ'!dlll'ﬁd

infig 7) Inthe 48-hour mep (ig 8) pair did not thwtbeﬂmvm-‘nw
asal cells were again paired only  In  statistical analysis was used to teR ¥, ¥
contact at some point but there was not tbedlﬂcmnccmuldbanctmmtrdf“
always contact between two paired spinous  random vadation It was arumed Y
cells norbttwccngmnmed pairs com Lhenmofmemlnmmufﬂ‘mdz‘;'
pased of a basal a spinous cell The  two nuclel of a presumed palr
difficulty was that spinous cells enlarged the Lhemdcalmtharcr'—btﬂ‘ﬂ
and their ltmits were often indistinct In  cell mcmnum:emmmﬂﬂf‘,
these casen, 3 fairly close proximity rather to complre!hhxbeortdcllvﬂmwd
then contact was used as a criterion tn  observed grain counts of the two
selecting presumed pairs cells (table 2)
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RESULTS Malpightan region (table 1
The esophageal epitheltum of the rat 1s that at 20 minutes and
composed of (1) the Malpighian region
which includes the basal layer (stratum
basale) composed of a single | of cells were not seen at that Hme
which line the bagement meml (fig :Elnmuadh and only exceptionally oer
3) and frequently show mitotlc figures ose cells that are transitional betwen
(figs. 12-16) the spinous {stratum basal and typical spincus cells.
splnosum) composed not y of 12 hours only & few spinous
spinous cells, but also of cells w are transltional apes were

&
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i
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a;ga
itis
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g
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i
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a%i
gt

cells (fig. 3) and the granuler layer
(stratum granulesum; figs. 4 5); (2) the
region with the glassy (stratum  of labeled spinous and granular
lucidum) horny (stratum corneum) and seemed to reach a
o u 5"----: (stratum di ) lay (fig 6)
ers (fig 5) Mapping experiment
Preliminary experiment Tuwenty-four hour map The map mak
The total number of labeled cells per from pha of the esophags &
cross sectlon of esophagus (table 1) was nntncdﬂccdmfmun-mdlmg
about 50 at one and two hours after thymt- {njection contaied 305 labeled nuckd
dine-H® infection increased with time to these Ble%werulmmedtuﬂleb’i
about twice that mmber by 12 hours apd layer while the remalning 16 4% wat &
seemed to remain unchanged untll 72  the spinous layer though close to the
hours layer Most of the map is
When the distribution of labeled cells figure 7 which shows 251 of the 305 ™
was examined in the various layers of the clef invesdgated.
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MITOSES IN ESOPHAGFAL EPITHELIUM
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% of labaled cefis
out of the basol Ilayer
60

=0 [ ————
’
1
!

(expected If (observed)
mitoses we e

ditferentsal)

8

layers Incresses rupidly A platesu b resched about 48 houre.
)Pmtmwdpnmufdxughmrccllsm md(a)mcucmnpmcdofmﬂ*m;
detected by uxing the criteria outlined in cells — autgoing Pt 0
the method section (equal mumber of which there were seven u:nus%dmd
grains and proxtmity) Of the 305 puclel cells. Tbelvcnmdlh‘w
mapped a total of 256 could be matched l:nm:lbcr4:~fp'nh:uperm.n:l.e\.uI.Illl"ﬂ“g
in this manner giving 128 presumed pairs es of cells (table 3)
(g 7) When the total number of graips  not significantly different. "
over the two cells of esch presumed palr  Of the 49 Labeled nuclel cockd 2
were compared by the Chi-square test, the be paired 46 were located rear the edf?
label content of the two members did not  the map mdtbmmre'-hemb““’:ﬁ;
‘d

Forty-eight hour map In

an
to be tions of the esophagus of a rat sa W
hours after chymidine H 111,"?“""“"“,,j



- %

3 @% @ﬁ, Mm ?
- L&Y @*@
. o % o e

i 69 % ®
g U E e T,
3 @ [.7:)

%%B @ A ® D

- %@ - 5 * 8o ®
5 8 . I @%@@
3 e® &

o, T3 §

2¢ o © w7

noscizz iR



82 J P MARQUIS-PERFIRA AND C P LEBLOND

grains. No silver grains were seen over

In the map (presented In full In fig 1),
the keratin (nor were there any in the ani- 101 labeled cells were found of which A
mals of the firat experiment sacrificed at were identified os presumed pains (g §)
48 or 72 hours) Statistical analysis showed that the bid

TABLE 3
Frequency of pairs of the three types nd mean grein cosnt per ceil { the 34 s 20

Type of patr Frequency Mexn erain count
k-3
Besal [ asxon
31418 (basal partner)
Mixed * 31817 (partnar out of besal Layer)
Outgoung 5 Mexaa

| a
@, @ o
@_gm\@ 1
I L S )
—@G ® & ®/\J @Jg@ 0N

@
0 ®
8)
5
®
I
Gﬁ‘eo‘«
Piad
200

. <2 A
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= ™ m, er A

Fig. 8 Tows consecutive maps of labeled noclel tn esophagoel ephtbalium 42
the Layer are
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Flga
ficed 48 hoars

epitheltum of 200 g male Tut macrl-

tographs of esophageal
er injecton of 1 ac of thymuhnoH? per g of body welght. > 873

Fig. 9 Passl pair
Fig. 10 Aiixed patr
Fig. 11 Differwntiating palr

TARLE 4
Frequency of patrs of the three type awd meen g comat pev coll tn the 48hon map

Trpes of yatze Fromscy e
B3
Banal 26 1Be+122
20298 (beeal partner)
Mezed « 30827 (partner out of basal Lryer)
Ouitgalrg o 25.1+286

content of the two members of the pre-

of radioactivity that ts, would be true pairs
of daughter cells.

As 1n the 24-hour group the presumed
pars fell Into three categories (1) basal
pars 29 (fig. 8) (2) mived pairs 42%
(fg 10) and (3) outgoing pairs 290%
(fig 11) The mean total number of grains
per nucleus did pot differ sigmficantly in
mixed and outgoing pairs, bulwnlgoui
half as small in basal pairs (table 4) The
mean grain count over basal cells atr 48
bours was also half that over any cell type
t 24 bours (table 3)

llum (table 1) but were so rarely seen In
the spinous layer (0 2¢ ) that their presence
was attributed to basal cells located along
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a fold of the basement membrane and cut answer to this question, let us first pobx
at such an angle as to eppear to be outdide out that the cells which were labeled by 1
the basal Iayer As for mitotic figures they Injection of thymidine H' underwent dn!
were always restricted to the basal layer ion soon after the infection, as shown by
It was concluded that only the cells of the the doubling of the number of labeled cc
basal Iayer can syntherdze DNA and under  between one and 12 hours (table 1) m!
go mitosdls When thymidine-H was in- the presence of labeled metaphases fn te
Jected repeatedly every cell of the basal basal lxyer st three and six hours (I
lzyerbcuznhbeled(r{zblmrdetd. '84) columm of table 1) At 12 and 24 bom,
so that all the cells of this layer can syn- no Inctaphase was labeled 0

thesize DNA and presumably divide. Hence labeled cells were no Jonger in the mitic
all basal cells and only cells can phase of their life cycle. The resppeano
function as stem cells of the stratified epl-  of labeled metapbases at 48 hours tnd
thelixm of the esophagus The basal layer cated that a second wave of mitotc did
Wo!ﬂdlhml:nlhagexminnlthlelﬂtr(mnnn aipn was adding pew labeled wﬂ;&

um.

epithellum remalined about
typical spinons cells and by 48 hours in 48 and 72 hours (tahle 1}

dentification of the patrs of dasghter
mostly disappears from the circulation colls g from mi

18
5
i
i
i
il
it
i
e
[
i
L

;

:

3

i

g

)

:
g
i
202

to the granular layer while g should be ed
features of the cells in these layers. of these two (Taylor et
2inally at 48 hours some of the lightly therefore both should have & Tt

Alabeled granuler cells showed a disinte- count. Furthermore attachment
grating nucleus Presumahly theso cells cnﬂjtoamanothexb?mm‘k‘
were losing their label prior to keratfniza minimize thelr relative displacemens b
ton. Indeed, no label was seen over the least in tho basal layer It was prun

=
of stratified squamous epithelifa Further clef in the map could not be ;‘:
more the timing indicated that it takes mnearly all of these were Joca m‘,’

resotbed  Hi
new
me to balance the loss? For an of the nuclel had reached



the 48-hour

at 48 hours after infection. At least, the
cells of these palrs did not come from

recognized and
E:rmwuldl&}:.utobednﬂe as may
the case for cells ndicated by vert-
cal arrows In figure 8
The

were
ter cells arising from the same mitosls.
Differentiation as a result of
differential mitosis
Let us first recall that some authars pro-

posed that the stem cells of rencwal sys-
tems (Cowdry "50 Rolshoven, 51) and

Are mitoses of the esophageal
epithelium equivalent™?
An equivalent miltosisis one that ylelds
two danghter cells which are identical and
therefare have similar potentialities. If
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fer out of the basal layer became rapid
Thus, the number of labeled cells found

/

out of this layer increased with regul
from 30% at 12 hours to 186% at 24
hours and 45.2% at 48 hours (fig 6) that
is cells were transferred at the rate of
12% per hour Briefly then basal cells
appeared to be readfly transferable from
the time they arise out of mitosis untfl
they start synthesiring DNA pror to the
next mitosls

The problem Is then whether the two

cells arising from o mitesls or In fact, all
cells oarising from mitosls over a given
period have the same probability of leaving
the basal layer In such a cass the labeled
cells in let us say the 24-hour ma;

(which

arowe from mitosls during the 12 hours fol

lowing injecton) should be randamly dis-

tributed as basal mixed and outgoing
palrs. The occurrence of the three types of

pairs would then follow definite statistical
laws In Appendix I the distribution of the

thres types of pairs as observed at 24 and
48 hours was compared with the distribu
ton expected on the basls of random trans-

J r MARQUES-PIREIRA AND C P LEBLAND

such p

sequence of events in differentiation.
What then causes the transfer of cel

out of the basal layer? It may be assumed

that the additlon of pew celly by mitos

average at least, any cell added by mitm
can be accommmodated only if anotber od
is farced out of the basal layer Thus, pop
lation pressure may well be the randooh
acting factor which causes transfer
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fer The results of the anelysls (table 5)
showed no significant diff between

Valuahl =
in statistics. 3 e

cbserved and expected data. It was there
fore concluded that the numbers of paira
~bserved at 24 and 48 hours were consist

 with the concept that all the labelod

©ells had the same probatbility of being

gansferred out of the basal layer Accord
ingly the two daughter cells of each labeled
mitosis would be equally liable to trans-
fer Itis concluded that either one or both
or none of the two daughter cells of any
mitesls can be transferred (whereas any
cnllll;v;naln.l.ug in the basal layer will divide
agi

Cell transfer and differentiation

The lack of evidence in favor of differen
t1a] mitosts implied that neither daughter
cell was fated to undergo differentiation
Instead both daughter cells of mitosls
would be valent atleast with regard to
thelr ‘erability to the spinous layer
Furthermore signs of differentlation were
not found in basal cells whereas in transt
tional cells that is i cells slready out of
the basal layer there were indications that
differentiation was underway
ment of the nucleus decreased basophilia.

thring colloboration has been recelved
Mrs. N Neumarkt.
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APPENDIX I

THEORY CONCERNING THE TRANSFER OF CELLS OUT OF THE BASAL
LAYER OF THE EPITHELIUM OF THE ESOPHAGUS

N ] NADLER
Depurtment of Anatomy McGll University

Following injection of an appropriate certain time, a proportom, p of the
of

radioactive DNA n;giouthu Iabeled cells has transferred
after mitosts of labeled in the yer

TAKLE ¥
c«mwwmwﬁmd ir2 of the three types et 24 and 48 haurs
(with x-square senting of the ddfferemers)

SqRATE Comt
r . Ohmarved (Ctwerred-expecend)
axpacted
2bour map
Basal painy (Q—p)N= 853 2 [
Mrxed patrs t{1—p)N= 384 n o7
Outpung pairs PN= 44 7 181
Total N 1 18 244
48-bear map
(1-pyN= 19 ol 047
Muxed patry I{1-p) Nex 38 22 o3
Outgoiny patre PN= 18 7 047
Tetal N b 78 1%
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Fo:nnypaltufhhcleddaughtercdh three types are expected at the two tme

there are four intervals. These expected values myy then
1 Both cel wﬂltramfcr( aing  be d to the bers of of the

prpuer Of the pllutbenumber

ZTheﬂmcel]wﬂJl:ransfnmdthe

tbe previous case that is p(I— p)N
4 Nelther cell will transfer (basal
The ty of this occurrence
is (I-p) (I—p)
number so affected

j

5
ik

cells which are found outside the

layer at the time under condderstion,

1833 +(2 X 7) 7256 =0 184 in the 24-h

and 32+(2 %X 22)/152 =05 in the
values

g

Figures 19-15 Stratified sguamous eputheliom of rat. H and E
1100,

12 The besal ixyer bows an chilquely crfented metaphese (3)

Obliguely cdented telophass (T)
Paralle] trlophase (T)

Teloph

Aniphess (A) cxiented paralle] to the busement membrane

(T) One of

13 10 the smoons layer (5)

to the
lhzd.lnzhrerclﬂlhrtutn'dtnthb.nlhya(n) while the other









Flectron Microscopic Observations on the Postnatal
Differentiation of the Semnal Vesicle Epithelium

of the Laboratory Mouse '

HELEN WENDLER DEANE awp SBARAH

Deparimants of Amatomy and
Medicine Browx 81 New York

Pathology Albert Etmricin Coflegs of

of the mouse

The 1 changes
mvﬁmamnhndmmuwmmwm
miarocopy

Inttially the el Dur
h(bmdv—kdmmhpﬂncb‘lehmmnpﬂcd] tion, fol-
md-wimdnpm-phm material.

danso

material sppesred in Colyl cisternae and then
in the hemem of sand.
between these changes found o maturing pencreatic
acinar tHesoe hay been eastrsed. Commaent i mads on ttachmment of ribosames
ta the inftlaton sctivty end e toapor
tance of tee of and Gal;
evidence for relating these cytological and my-lﬁmdnnllnth--minllvnida
to  rxing thr of andropen the period has bern cliad.
shaerrations incloded: ( ) F for  considerable amount of callufar
aonyling and resorption durmg the frst weeks; (b) an essoclation of
with basal calls Ayt

mmmdmmm—m they arise by dehiffer
enturmar cell

entaton of

ard, 46 Ponse 50 Prce and Ingle ‘57
Deanesly and Williams-Ash-

The ob-

ndrogen has

tween an and etther

or 1 cu..ﬁ,chue

and Bern 57 An Prasad and Meyer
"60 Lostroh,

Demuth, 41; Jost, '53; Price and Parma-
ecker 56 ‘59 Lasnltzi, '58; Bums, "61)
For the initlal development and for com

uppmbymkrrmd::f:molldr:nal
tin once the organ gen have been
ed and the inidal tissue differenta

appear able to prevent complets re-
‘Tesson after postmatal castration (How-

) AR 117 w1
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which is representative of 2 protein-se-
creting epithelium dependent on hormone
stimulaton.

This paper presents a descrption of the
cytodifferentiation of the epithelium of the
seminal vesicle of the mouse tracing its
maturation from the first postnatal week
until sexual manmity which is attgined

ard ("39) and for the very stmilar organ of
the rat by Pdce (‘38) and Clegg (59)
With a hormone-dependent tssue such

g
g
Q
)

buffer pH

fixed In soluttons contalning no sdditive
whatsoever or 10% sucrose ar 0.9% NaCl
of adults were

fired in 8 mixture containing 10% su-

7

MELEN WFNDLER DEANE AND SARAH WURIFLMANN

crose, to mintmize distention of the erprsn

plasmic chanpels (Deane, '63)
Fhxaatlon was continued at 4 C fa m
Thereafer,

el
in & chilled sclution of 01 M buffer &=
cut into stl smaller pleces then defy

times; these o enlarged pir
phically 2 to 4-fold as destred.
g;“lu addition 1.1 sections of the B

ayure I (Richardson Jarett
'so)farn(udyundurtbeﬂsﬁtmh““"



SEMINAL VELSICLY. CYTODIFFERENTIATION

as follows: (a) In mice 50

days of age the cells remain im-
[} sceming to be n-

volved in cell multp conse-
(8gs. 1-6) (b)

ﬁvemglmdulnr
mice 11-14 days of age the epithelium
showy initial signs of b

93

nective tissus cells primitive smooth mus-
cle cells (fig. 3) and occadonal small

vessels (fig 15) No further de-
scription of these tssues will
be given here. Suffice 1t to say that dur
life the

a protein-

-~ tissue eod basal cells
become &) t (fgs. 7-13) (c)

n mice mare 15 days old, the forma

ds cells in tal materdal.
During t weeks, as the epithe-
Hal cefls mul and the secretary func

LTS
g§8

&
iF
'
4
1
F EE

During subeequen! the
partant change to take place in the shape
of the colurmmar cells is

steadily become more roumded and come
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adult, the & cell height is agan 20 n
(igs 22,23“):‘%11 enlargement in width
and beight of cells no doubt contributes

‘The columnar cells typically bulge some-
what tnto the lumen, with the apical mem

of the cells show relatively slight
undaolations except at the corners where
thres or four came together — here

Occadd attach may be
seen In half of the epithelial
layer (figs. , 10 18) There is consider
able g, and latersl of

HELIN WEINDLIR DEANK AND SARAH WURZELMANN

spaced intervals by the end of the secmt
week (e g figs. 18, 15 18)
The
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the uppermoost part of the epithellum but
they occur deeper In the layer at widely
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SEAMINAL VESICLE CYTODIFFERENTIATION

AmﬂGd;ilppﬂmhuhprmLThﬂ
divigion 1s b

85
most of the cytoplasm consists of an endo-

ining chusters and rosettes of

stage of

since ents of noclear en-
velope (arrows) sppesr to be accumulat
ing pear the {e.g. Moses

type.
During the interval between 11 and 14
duys, there Is same Increass in the num

ber of segments of ergastoplasm (figs 7
® 13) This proliferation occurs ewpe-

The incressing

In the
mﬂﬂimh:eumﬂtd(s—edaylul-p)



near the edge of the cell (g 21)

Golgt apparatus  secretory

The evolution of the Golgl apparatus fol
lows a cdmflar time course. In the young
est animals there lie In the suprs
nuclear zanes of the cells stacked lamellae
of collapsed Golgi saccules and a few
associated vesicles 21l of which are small
(figs. 2 4 6) During the latter half of
the second week, as the asm
begins to proliferate there ta a tendency
for the Galgl saccules to proliferate too
and, mare stdkingly to became distended
(fige. 7 9 10 12) As a result, the
supranuclear reglon of the cells assumes
s clear app in light-mi
preparations (e.g., fig 11) as is typcal
of these cells in an actve secretory state
(Price 38 Howard 39 Howard and
Migeon, ‘62)

In a very few cells of all

of mice aged 11-14 days, dense
of what Iooks Hke secretory rma
been found vwithin distended 3

have
in

es b off from these Above fe
zone of small vesicles are larger vacwle
con large ules. Floally fnoa
caxtonal it been o e

B

the Golgl zane. As in mare mature glands
such granules are surrounded by a space
that contains no electran-dense materizl.
The granules are consistently xmnall how
ever generally being only 01 or 0.2 4 in
i, Cells 1

4 never
become prevalent in this a
phs

has been elsewhere e '84)

Durng the third week and theresfter
the Golgl apparstus comes to a
|tudﬂy1lrgtrwrdmufthenm:
balf of the cell ( 16-18 23) The
cavities of the become

system
increasingly distended. By the end of the
fourth week, sections through the Golgl
rone of most columnar cells show at jeast

bounded by a dense
presumably of Golg! origin
(g 17)

In the younger specimens, many such
large vacuoles appear to contain no

ule urunenomﬂt.h.atithng\.ﬁ?dny
missed In section (fig lB!)ku'l'had.mm

1l

]

g

;

i
it
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el

1
=3
H
F
39;
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secretory material
within the narrosr ssccules of the Golgl



SXMINAL VESTCLE CYTODIFFERENTIATION

mitochondria end stacks of Galgl saccules,
but even of nuclesr mamses within puclear
envelopes. The vacucles can be seen to
have two membranes, one presumed to
belang to the Ingesting cell, the other to
be the plasma membrane of the ngested
cytoplasm. In the nuclear masses the
chrematin exhibits the type of clumped
density seen in pyknosis, probably attribu-
tabls to the dissoclation of deaxyribomu-

97

appears largely free of structures except
filemnents — {n additian to the tubules and

cflta,
mﬂydnﬂngmblxmlcdevdopmt
(Sarokin, '68 Gullo and Palay '83) From
OUT OoWn experience we can say they are
far less frequent in this dertvative of the
doct than in the epididymis
(Deane and Friedel, '63)

Vi A paint that rematns to be
siressed 1s that the preceding descriptiona
represent the norm found in the samples
exarnined. Particulardy with the youngest
group in which mast cells wero so tmms

it conld readily be seen that some
vtg:hhﬂkyoccmedmthn‘dmna{de

%

§

rment of th or Galgl
-mmmmﬂ:m&}mtmorm
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Basal cells

youngest specimens.
11-day mouse and in 21l animals of greater
age thers appear between the bases of
the col donal 1

oucleus i pleomarphic, apparently adopt
1;%1 form compatible with that of the
as a whole
Basal cells are relatively rare at first.
For example the fields ahown in figures 7
and 8 are the coly areas in many grids
examined in which basal cells were detect

pedkarya were not seen. And no stel
late undifferentiated cells lacking an
ebundance of palyrdbosomes are evident
in figure 10 a section of & 13-day gland
cut in a plane favorahls to their detection.
,However a pleomorphic nucleus in cyto-
plasm otherwise ke that of neighboring
cells is a suggestive Image

Bassl cells appear graduzlly to became
more prevalent, although we have made
Do attempt to thetr ratio to
cal

(a) Differentiation of the

epithelivm  In broad outline, the mifw+
vesicke

be-
tween a basal cell and a colurmnar cell.
It has less erga ! than its col

neighbors  and it possesses a centrdole
lying at a losr level in the epithellum

upward
cell Alternatively it might be
in the process of dedifferentiating from a
cohmmar cell.

DISCUSSION

Several points that emerge from this
description of the maturation of the ep!

seereny
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89
Palade 62 Scimeider and Kuff "64) and

in the seminal

So far we have emphasized the protein
secTetion by the seminal vesicle. It should
be d. b that thepe cells

strated that testosterane
synthesls of phospholiptds
veslcle.

rﬂmmme-(_g3 arper et al. "6%; Watsan,
‘63; Glerer 5 Malt and Speakman, 64;
Hultin, "84) Grobstein ("64) and Kallman

form and release additienal
fructose,

‘63) This relation suggests the posdbllity
lhntl.hem"pmplumicdmzcmum
active substances. Moreover the mature
Galgl vacuoles also exhibit a large perd

m This space, present even
the gland, may also contain a
solution rich in bexoses, polyols and or
ganic {ons. In conxddering the quite com-

le features of the pos-
terlar Jobe of the rabbit prostats gland,
Schantz ('64) simflarly comcluded that




100
Price (38 44 47) has demonstrated

ty
ment of lght (Golgl) zones and appear
snce of secretary granules in Boom fixed
materisl, A repetition of these expert

ments uxing electron microscopy to eval-
uate cytol responsiveness at a higher
level of resolution, should contrdbute even

more information.

Qur present observations suggest that
an increase in hormonal activation must
occur at about the end of the first post
natal week, when there is first 2 tse n

HELIN WENDLEYR DEANKE AND SARAH WURZELMANN

somes and the soluble RNAs. In hie

}:giulprupamﬂum

able to RNA occur with castration and

sdministration of androgen. However fr
ed reason castratie

some
of the adult mouse (In contrast to othe
species) s not followed by any

ous decline in the populstion denshty o
rbosomes in seminal vesicls cells (Dexe
and Porter '60 Sromal, 6%)

g
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it
aééﬁ
FgE2
Thikin
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aég
i

oted that castration of

mitosis in this epdthelium in adult mice
(Pelc '64)

Using long-term castrated mice Kochs
dan and Harrdson (62) and Kassenaar

HI and Costa ( 64)
alytlc data showing that the peoteln secr
ton 1s androgen-dependent. Kochaki®




o i 1
or orgen be
discarded destroyed even though they
are perf healthy Of particular inter
ot 4 Glix! 3 description of how
befxxneuuuf discarded cells are
lgr by thetr neighbora, thelr nuclel
£ comn digested within one to
seren hours. mnﬂ;gtb;lz
necrosts, and eadly
bewm
Using _ light fc technl

entes and  ductus  epldidymidis
Shaver 54 Nicander ‘57; Burgos
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(d) Mitockondrial-d 1
A strfkdng {ation observed rep dly
In this material has been the flanking of
3 by mitochondria. The fact

that no such associations were ¢een in ani-
yoals more than a month old makes {t pos-
wible that this relation is somehow con-

cerped with the fonmation of ¢ 1}
attachments between cells  Yet such as-
sociations have not previcusly been de-
scribed or MMustrated, to cur knowledge —
even in & study directly concerned with re

drion or is it formed under its Influence?
One possibility that comes to mind is that
the material may contain a high concen-
tration of divalent catlons such as calcium
tons. Sedar and Forte (‘64) have demon-
strated that celcium 13 an tmportant factor

the adherence of cells at deamo-

dense granules in mitochandria seem to be

repositaries of divalent cations (Peachey

64 Lehninger "64) perhaps the mitochon-

dris are the source of this constitnent for

smosomes. We hope to pursue the study
il

’thhamd.nm
/(e) Basal cells A final topic that we
find intriguing is the nature of the basal

ppearance
ferentiated basal cell and the highly spe-
ciglized columnar cell has been noted here

and gimilar tmages were seen (though not
reported) in a previous study when testo-
had besn administered to adult

evidence of which we are aware to show
that basal cells cap in fact differentiate in-

to cells. Cell modulation t
mmmmdw as well as er
entation.

come evident at five days. Ha too ¢
cluded that they colummar
that have retra from the humen
The cytological features of basal o
observed by mcroscopy do o

h that they are sim
gmdcolummrm In additim ¥
the marked diff in fom of ¥

a

cell snd of its nucleus, the cytoplasm
baulcel]isfnrlsudiﬁamdlﬂ

tributed in the male
but not common in
nature

while
This paper was
-miorautharm:m%
part supported by a fellowship frott
Cammonvealth Fund. Shﬂ"%
o e gl T
Dixon Boyd, The Anatomy for
versity of Cambridge En " ring
erous provision af facli d
pertod
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Obstst, Gynase. Brit. Exp Wisan, ] D 1061 Localizstion of the bk
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T described, all sxe from semina] vesicles fred o m

contafning 5% socrose. socticns were  stained” with o keed

citratearranyl scetats sequance, tes 1 o The Bght micrographe are of

thicker epoxy stained with roethylens hine and erore IT and photographd with 3

yallow filter.

Abbreviations
basal call Jc cumplsx (termimal bar)

DL, basernent lamning (membrane) L, Jomen

BY mitochondran

C_cantrale MP micropinocytotic tubules and vede

CD celluler deimds in hanen MV multtvedcular body

o, ciltom NE, «avelops

D desmosome NP noclesr pore

DB dense body (? lysosome) Nu, noelsohs

Ec, ectoplerm P palyribosmmes; apgregated ribosonst

Er ergastoplasm; ronghsorfeced andoplasmic R, residual body

reticalum eytoplaymic streak, cytoskaleton

GZ, Golgl zono EG secTetory

IG tntereellolar gup 8M, gmooth call

IT interstitial tssos 8, attachment of cells

FLATE 1

DXFLAN TIoN OF FICURIS

Flgures 1 and 2 Semtnal vexicle of & fveday-chd moase; vertioa] sections throosh
mOCoes.

dna (M) and clusters of ribosomes (polyribosanes) together with compact ks

of Golgl saccules and sssociated small vesicles (GZ) m the supramuciear miec

There are short segments of (roughaxtecrd €20

Er) Cloar cytoplasmio streaks (5) prosumably cootistnd &

clmstery ocrur at all kevals of the cell. pam:k-nlL-movhﬂr’;,.r

ectoplarm (Ee) alomg the sides and y t che apex of the cxfl, B T

tively free other than tol and vesicles, which are sugerti™

activiey (MP) The umﬂnmmh"ﬂld_

o bo ted callular debris (CD) occwpdes mueb of 0

lemen (L) _The epithelial cells are closaly axcept for one il

*p (IG) slongated nucle) ev relativaly pale, but they compie T

cleotl (Nu) and some pores (NP) Additionsl labels D =
troe) JC, cormplex (terminal bar)s MY






FLATE 2
EXPLANATION oF FIGUERS

Figures 3 and 4 Semingl vek! of & fivo-deyold mouse, same specimen o B

-

P) scattered mitochandria (M) and zmmm(m) Only ccredcual
ergastoplasm (Ex) oceur appesr to be g
um.hmcbdth(nﬂ..im mmmgwm

terdigl
hm.\m(BL)mt-mtmm nuTow inl

fibrils, pome ﬁrnulmdcdll(pmblhly fibeoblasts) &nd primitee
nmnmhmnxhcdh(m)
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8 A lght micrograph X 720 A lato anaphase figure can be secn in the
mlddiﬂof!h-ﬂdd;l uthern\nﬂdlhnwtb'cumdmndmd
of carly
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the tmmature columnar moam. A
labets. BL, basement lamina; D dexmosorne; DB demse bodyy L
lumen; arrow mitnchondrisl-desmosome complex,



SIMDUAL YESICLE an
Heon Wendler Domne and Sarah Wurrrbmen

| N

r ‘\ \.' - .
lo LY . - -t

- -IJ-“n.' -_—



PLATE 5
EXPLAN TION OF FIOUMLS

8 omzqmmmmmmwumUmuduummjmu.afmudn&
mouse X 8400, Anhmunlndﬂm(d)whhlumm‘xbu:lbdyﬂﬂ
8 the apical cytoplamm of ane cell. A newrby desmosorma has singls aseocisird
ruutochondrian (arrow) Thcnuckmi.nthunvp«d;ht-bcmdnwm
demaation, suggeating that it fs entering prophase. Additional Labels BC. proms

of bueal cull; L, lummany MV m lifreatclar body

contents ars evident within the Galgl saccules at this aee,

bomever Although free polyribosciies (P) are still predowminant, thers now s

t be mory sm (Er) then in the Arst week Alng the koo

arfows 1 and 3, and 3 nd 4 run the membranes of sdjoining cdh, cwt

;ﬁhud slong which partions of dcnnomm(D)cn:ubcdﬂt‘C:dd-mM
ofa call are numerous nocytode tububes

IJ'P.)’ Addiy I befs: C, s with axrow pointsg
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FLATE 7
EXPLAMATION OF FICURT

Electron micrograph of the
13day-old mouse X 17,000 Thess cells exhiblt mumerom
texicles and mmltivestenlar bodbes In the most apiesl ectoplzun (MP)
plos accumulations of multhesicular bodies (MV) and denee bodws
(DB) deeper in the cytoplasm. This preparation reveals espechally
v I the presence of langltudinal Alaments along the lateral parpes
of the cell (Fc) a9 well as fn the streaks (§) in the endople.
labelr: D desmosoene; Er crpsstoplanm; GZ, Galri cosr
Plex) IG fntercellular gapy L., lumen; M mitochondron; P
Nbosomes,

¥
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1

V3=
bodses are with the chro-

matin n largs masses against the persiriing double
NE) Additional Er GZ, Galgl rooe

(NE)
L, luminal aspects of cells; § fllamemtony
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PLATE &
IXPLAN TION O FICURES

Flgures 14 and 15 Seminal vexichs from an 18-day-old mouse; secretory matedal b
clearty also been refessed Into

14

15

evident in Golgl vesicles and has the lamen.

Light micrograph, X 720 Ths clesr Golg! rones now often contain mall, deck
granules, some of which are evhlent near the top of the arrow

Electron microgrsph, X 11200 In this ares, the columnar cefls ars  bout 12
tall, 52 wide. The chyumatin sppesrs more distinct, and srgastoplasm (Er) esd
the Colgl spparatns (GZ) are far moTe developed than at earber gz Samall

fts & cantricls (C) Iying 1o the kowee
half of the epithelmim — suggestive that this may be Lot
call and  typical basal call. Addrional labelu
BV blood (lumwn to the Tight { the cld abown) D desmosone; DB,
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IXFIAN TION OF FIGURE
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PLATE 11
FXPLAN TIOWN OF FIOURE
17 }:lnttrmmkmphdth pical partions £ several colummar cells

seminal vesicls of Mmdmxnm This thyse
wu ﬂxtdh: salution containing 10% r.d:.exthn!m ancrose; the

section w  rtalned with uranyl acetat cnly o
thntdmlerrrmrymnnnlﬂ.rnmukuwﬂidmdrnwy bo di-
Umgolahed within the Golgl sacvules (single errow ) then socumec
aninllrlH-ndhrxrrmnuln(Ba) cnm scooles At
the doubl upper left  Golgl _p‘;f‘““"
into the 1 men. Add tonal labels D et
plasm, having A which

boxand ntud\enuckmu\dllwlmmd(hecoldmilc-
wection of junctional camplex binding cells together; MP micropind-
rtotie tubukes nd vesiches.
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dense

four of these dosmosnmes are shown t higher power The mitochondron labeed
M (Agx 18, 90) is lated with three Floctroo-dense eames bt
fbrous or tuboler mmaterial Les between the mitochondria and demnosomes The
orgestopl aume dnmhbdtd}:r(ﬁn.lﬂ!ﬂ)-ammla-mnwln'-\‘
vicinrty of the Galp eskeles nd vecuoles nasrby Also Labeied GZ, Golgt wee
cus in nearly cross section; JC junctiamal complex cmohﬂqudnl“'““m'
vesicular i BG sccretory granule within _ Goln vacuol; §t stod

tn cells  possble developing mitochondrialdesmosoms complex.
Anotber section from the same block, ¥33,000 A mitochondrisl-desmosoens cot
mmmmwmumm(lc)mmmmuhmdw
material between the outer
walls  Aho Mennfied GLCdn:muxLﬂ‘ndululmnbauo!-m
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PLATE 14

IXFLAN TIOR OF FIGURIS

i

intaratitial tUsevay J
muackeolus; K, rv

mﬂumdmmmm(iﬂnl7
dnmmnu!uthﬂ'd:umma’emmmm Mﬁmndubcb:

Junctional conplex; NP nuclear pore; No,

D desmoscowe; DB deose bodys IT
1dnal body poesihly lipoidal

R
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Osmium Impregnation of the Golgi Apparatus’

DANIFL $. YRIEND awp MICHAEL J MURRAY
Departmant of Anaiomy Havvard Medical School, Boston, Mastackusits

ABSTRACT The Gag occovists of  hetsrogensoms assemblage of emall

exployy with the objective
of raore accorately localizing with the slsctron microscaps the sites of ceminm reduc
tion within this heterogeneous argaoalle and of eopaxing the distribution of these
s with o yithiz the Gl lenellar ervtems.

cemtum trgTegnation procedure used study coosisted of fAxing
G tiaeoes I 13% ‘oembum tetrorkde buffered with sooliline fallowsd by oumicetion

Electran mteroscople confirmation of the  and Shin, '84) This
Teality of the Galgl apparatus as a discrete  ably bolds same meaning for the func
eell arganells restinmalated interest tn in-  tion of the organelle but just what its alg
vesdgaton of its structure £ may be 4
After the inftial fine stru The first suggestion of heterogensity in
tons in 1054 by Dalton and Felix ('54) the properties of the mem

dy lished ing the Galgl apparatos of vertebrats cells
that Dot stated was implicit in the con-

1s though
from ether membranous arganelles  clusion of Daltan and Felix ("58) that the

in thetr relag 0 Ravenrch the USP.ME Matioual
Gl SR 0 S RIS
Whaley 63 Smith ‘63 Novikoff '

AT amr 17 1aam 18



ample electron microgra) of glandular
cells ofren show accumulatfon of product
in the lumens of the cisternae at one sur
face but not at the other (Fawcett ‘64

oot uniformly throughout (Caro, ‘61
Revel and '633 studies
have that specific maono- and dt

no demonstrabls ectvity
Novikoff and Shin, '84) lnﬂzremﬂ-uznl
Invest, a modified Kopsch tehev
method of tmpregnation *(Dalton and
FBﬂ&'ﬁBxOmandBa::l-‘? 00 1s used
y Gal

DANIKL § FAIEND AND MICHAEL J MURRAY

ere they rematned for 1w
final camium

Tysss
gk

§§§é
i
%
£

d of Brunner and Tels  After decanting the
e 1*  tho blocls were Tapadl debydrved 23
sistently exhihited @ selective locallzation serles of & sng conce: gen
dﬁ%ﬁmmmmmm gﬁmdde_hyd};gun etsd bn 7
ane mp] The Thle o ene 3 bedd!
“M“ﬂfthhpolm?ywﬂlbed:mmi S«:dumwmwtwhbgi’mb:mm'

MATEMIALS AND WMETHODS
General procedure Mature edult male
mice of the AKD-2 strain  were uwed in
this study The animals were killed by
cervical dislocation after light ether ance-
thesia. The gbdomen and scrotum were
rapidly incised the first portion of the
duodenum and epididymis excised and
minced into 1 to 2 mm blocks tnh a few
drops of 13% 1 hufered

to pH 745 with scollidine (Bermert and

]

of epddidymis were
hy&?buﬂe‘rtgllugl 7.355;1;11']
(Gordon et or
£Cordan et 2 ot (Sandeam ©t &)

— -
Rowcee P MMW
Mllnh.‘h‘



ORAOUM DAPRIGNATION OF THE GOLGI APPARATUS 137

buﬁ’uedtopﬂ7.5wiﬂ:cacodyhm.ur clear cisternae conferming to the contour

in 13% csmhmn tetraxide as described of the mucleus (fig. 3) Th?Gdi;ivlcuola.

above. After the glutaraldehyde glutaral  freq Ty intng 2 of soma
oxmium tetroxide

amount of non-specific oamium tetroxide  Canversely the outer cistern
reduction in structares ot tmpregnated by (o the  farming face described In other
post: slone. The additional im- mmﬂ(Nuvﬁnﬂm.gdShmm)lndphnt

!
%
5
|
i
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beles of the Golgl apparatns vary in num-  metal deposlts after postosmication of the
ber, size and internal density in varfous Lhmwﬁ‘,’pe. hdmﬂfrmd!h'
Yertebrato cells, but the location of the cpididymis, which has been more exten
Golgl complex within the cell and 1ts typt-  stsely studicd, can be comsidered as repr™
nlcunﬁzmunnunhadcﬂ[bedwm: sentative. ]_u,h,m the Galfl
same confidence Vimualized in three di complex forms an mwprnnuckﬂ
Mmensiony, the lamellar packets of the Galgl  €Xo™n composed of a cylind 1 band oF
Wpparatns appear to outline & discontine Wall of 8 10 10 ctsternae clear TecUoT?
o cap gdjacent to the nockeus. In cell W(demdrch:f
of
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nal length and a concomitant increasing
After fixation and 40 hours of

P to tetroxide at
40 C deposits of reduced osmium are in-
vadably localized within the lumen of the
outer ane to four cisternae in many of
tbe vesicles at their ends, and In the vesi
cles aligned along the outer cistern (figs.
4 5 7 8) Thislocalization is not entirely
uniform in that all Golgi zones are not
impregnated and the amounts of reduced
osmtum vary but tn favorable prepara-
tons after any of the fixatives empl

the majorty of Golgl camplexes do reduce
oxmhum to some degree and wherever the
reduction does occur the localization i
precisely similax Most of the metalllc
de are totally electron opaque while
a fewr others appear less dense  Less dense
artas are often found in cisternae adje
cent to the cuter cisternze and seem to

DAMIFL § FRIEND AND MICHAEL J MURRAY
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EE@ WE el
ligkels Lol

&thtbecumplummalnmﬂnlyﬁeeof Vdceﬂ:nduf‘hthenmk.thedmg“m;
deposits in this cell type (figs. ope ort segmenis

4and 5) nnflcgdmdupbmh:mdm}mm;
« The cisternae of the eell Gal nmlyoundnuauwﬂ.hltmmdﬁﬂ o
pasdtus charactertst! ocour in pa tain oemtum. Thﬂg””mm
of 4106 Cramules perhaps d  polymorphonaclear graoulocyies K0,
10 the major secretory product of the cell, “’"“Wmmd
appear to arise from the irmer cistern (fig ‘f“m%mmt
3) In Brunoers gland cells, the cistornae  treatment of the tissves i o}
munber 6 to 11 to a packet and both the chlorids oemtum reduction m"d‘d
g cisternal density from the outer marked in the cytoplasmic pmmd,

increasin
lamells fnward and the increasing depth
of lumen is somewhat more apparent than
in the plaxma cell (fg. 2) In this cell,
the vacucles with dente contents clesrly
arise from the inpenmost cisternae and
:oontod(e;_-ﬁocgin%szhemmmm
granules ) The appesrance
of vacuoles with dense
ner side while clear ones predominate on
the cuter side further sccentuates the
H] Osmium tetroxide reduction In
both the plagma cell and in the cells of
Brunners gland is very similar to that
for the epldidymis but in these
tmwo secretory cell types the reductian ls
more consist found in the vexicles
which surround outermost cistern and
1s Jess uniform {n the outer cisternae (fig



ONOUM IMPRECHATION OF THE GOLGI APPARATUS

139

4 £

on the local pro-
vided and that the reducing substance is
most Ukely farmed during the prolanged
phase of exposure of the tissue to otmrfum.

1 M

are
tions (fige 7 and 8) but the stmultaneous
local dense deposits of oanitum in

HEsEeE]

ol
g

i
i
il

FEy

shorter than optimal times, strongly im-
plies that the results are not due to the
migration of reduced osmium alome It is
doubtful that the reducing substance is

The range of substances iIn the tirzue
:;:;z:hclnmduceonnkmhwide Thiol
aldehyde groups reduce osmium rels
tvely repidly alkenes arylamines,
and pbenols reduce caminm more slowly
(Hanker et 2l ‘64) Blocking the pre-
thiol groups with in glo-
mmwmm the
pre-existin mlpiwﬂhﬁtug

does
t Galgl tmpregnaten, but the alde
blocking agent itself precipitates os-
miom snd presumably loses its blocking
activity The activity of the other possible
Os0 reducing groups has not yet been
studied n cmilardy fixed trses. As
methods for doing so become avaflahle,
the chemical

of such

capable of redudng csmium under :E
defined condltions, should reveal the re
spousible substance in the outer Golgl
lamellae and vesicles. “Je‘_'dotnowchu

are not for the s
miumm reduction since the reaction works
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well in enzyme-killed csminm and acralein  Fawcstt, D W 1664 Wuqﬂ
fixed tissues. Developm Eectrm
Despite our uncertalnty as to the mech- v (B M- Brwrl, shier). New Yok, kv
anism of csmium deposition the obser Frend, D 8. 1965 The fioe stractin &
vations that the outer vesicles and cisternae E’"‘:é’lmh!h'm’c"”
contain osmtum while other cytaloglcally o % "¢ L R MiDer end X G Dot
similar elements under the same condi U 3pds Sieatian f ienoe celons oy fu e
tlons do not, further emphasires the heter ‘m‘acmxaw Exp. Cel R I
nature of the Golgl apparatus, ot
Since only the cuter cistermse and Gﬁ&&wm‘gm.‘
reduce astnhim under the prescdbed con metazos, Nators (Loodon) 174 31
dittons, the Galgl apparatus can Hagenen, F. mnwa.mhndxmh:
be sald 1o be bipolar by this standard gnd Pl de Golet dens tas culukes pvcln X
the cytologic, cytochemical, and radlo- “ ¥
autogral observations of other investl- Bm!nJI.A.R.Bnmm.LPWd-,E.\';
patars imply the same (Smith, 83 Dan- & A Bemman, and A M ST
tels ‘64 Novikoff and Shin ‘64; Peterson drhtntli;h!xmdl ‘aloctron microscopy St
and Leblond "84 Revel and Hay ‘63; 1a1mmdA‘JDd 108
and Kuff T4 Slekevitz gnd Xuf E L, tam Nﬂdﬂ;
Palsde ‘B0 Zefgel and Dalton '62) Un- 21 "ﬁhn,;f““;"(",“;,‘,‘,m“"“m“;m
derﬁlndhl&;hchﬂmhmufthhuym York, Press. Page 114, - -
of Gol tus s well as  Laft, J H 1901 Impeovensnis
acor ofdmuagp‘m of t 1 Blophys. aad Buckes

d! Y
deposition may lead to more complets
understanding of its function.
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3 Tho clsternae of Galgl spparstus
occar in peckets of 4 to 6. The sparse denee granules in the funer
regkm of y Dot be rulated to this cell s msin
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Connective Tissue Responses to Altered

Collagen cmd Bone Implants '

J T IRVING awp $. A. MIGLIORE ™
Forsyth Dental Centsr and Hartard Sckool of Dentsl Medcine
Boston, Masseckuertts

ABSTRACT  The

I“iﬂ!;ndHanddmAn ('83) described
2 method for studytng the resomptive mech
b of bone 1n which they lanted

ramino groups of reconstituted collagen were treated tn
of ways snd the collsgen tmplanted subcutansously in mts. Afver
wers. and

vansty
two wetks the

ously into rats removed after various inter
vals and examined histalogically In the

ways implanted subcutane

LEEARLIETY

second exp parts of the rats
scapula were removed, treated in varous
T 1 ways, ) 4 sub 1
into the same animal and examined after
14 days.

Collagen experiments
Preliminary treatment. Two sources of
collagen were employed. Collagen was re
constituted at pH 4 5 from the citrate solu-
ble fractiton from twoday-old calf skin
ustng the method of Gallop (55) Colla-
from the

gen was also
tail tendons of the same rats into which tt

g&;be!m!mphnudm They are listed

with the group numbers of
the rats Into which they were tmplanted.
The reagents used were mild and have
been traditionally used In stndles on modi-
fi of The of
Groups II-TV were carried out at 0 and
thoee for Groups V-VIII at room tempera
ture (25 ) The collagens that were teated

Gt D TR e T Tk, of Draat

PRy Mgy e gtkieniiair g el nd

work waa dome -
mmm

Prescwt addrers  Depariraent
151

=R Al



152

with roagents that were not water soluble
were repeatedly washed with 50% ethanol
and finally with 85% ethanol Washing
was considered camplete when the washes
contained no visible traces of reagent. In
all cases the reaction mixturea were finally
dialyzed against frequent changes of dis
tilled water for several days.

Grozp! Reconsituted collagen with no
chemical treatment.

Group II Deamination with nitrous
acld (Philpot and Small "38) The colla
gen was treated n an 0 5 M acetate buffer
of pH 40 at 0 with 1 M NaNO, for 30
minutes The reaction was stopped by

Acetylation with acetfo an-
hydride (Hughes 47) This reaction con-
sisted in alow addition of the anhydride to
the collagen suspended in a saturated solu
tion of sodium acetate The reaction mix
ture was stirred for a period of 30 mli

J T IRYING AND 8§ A. MIGLIORE

the suspension was subjected to vigawm
agitation untl the concentrate waz b
slight excess of the calculated smoum o
¢ amino groups present in the nuspensim

The extent of the reactiors of exd

denﬂf‘rn‘ll
a wave length of 360 mu The DNPcalli
gen reacted with 85% of the
¢ amino groups which agrees closcly wi
the results obtalned with dentin collygm
by Sclomons Irving and Neumun (®0)
sing the DNP<ollagen value as mn inds
of 100% the extent of the reactions ghe
by the varlous reagents used in this sy
were as follows (in per cent)

Deamination,

6 carbobenroxylation 78

Group IV Phenylacetylation using the
acld chloride The procedure was similar
to that described in Group IIT

Group V3 5-Din lation using
the acid chloride (Mellen 47) A slight
excess of the reagent (Schotten Baumann
reaction) was used compared to the calcu-
ated -emino groups theoretically avalla

(Eastoe 'B5) Tho acid chloride was
lved in anhydrous ether and slowly

. Ydded while the reaction mixture was sub-
fected to vigorous agitation. 1N NaOH
was added to maintain a pH of 8 The
reaction was allowed to proceed for two

hours.

p-Nitrobenzoylation employ-
ing the acad chloride The proced

Impl: fon of collagen
Calf collagen. This was tmplanted o
108 young adult rats of the Homd

their average welghts belng 133§
The implants were placed su
1nto the back while the antmsla were 52T
anesthesla with strct Ths
and were removed 14 doys hmmﬁ'
pcriodwuchoxnul[rv‘lntmd" o«
man bad found this the optimal tme

variows groupt ¥
had w*
el

tion of the rats into

shown in table 1
Autogenous collagen. Six rats

treated reconstituted collagen fm

th D
Group VII 2 4-Dini ylation us and six were implanted wl

tng 1 fluoro-2 4-dinitrobenzene (FDNB) gen. The same time-table a» devcrded
(Sanger 45) The reaction was carrled above was followed ¢ cells Taeht
out In a medlum consisting of an ethanol Earl‘y formation of_g‘:";m DNPDJ“""
solutlon of FDNB and a 2% were imp. v m,‘
sodium blcarbonate solution mixed in a lagen and the mplanis WO Lo
2 1 ratlo The reaction mixture was con daﬂyfmtwnmlmalsﬂl‘::uw
stantly agltated for three days at room seventh days after tmplan
temperature  The product will be referred Implant of bowe r‘

to as DNP-collagen

Group VIIT latlon utiliz
ing the acid chloride (Miller and Stanley
42) The reaction was carried out in a
02 M phosphate buffer at pH 8 for two
hours. reagent was y added while

rrmo
A large of the scapula was I'E 5oy
from 48 :: and lcified 1o ©
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above and 14 days later was im ted into
the rat from which it had taken,
After a subsequent 14 days the implant

in
stained with hematoxylin and eosin. The
dlvision of the rats into the various groups
13 shown fn table 1

Tests for tmmune responses

Landstelner and Jacobs (738) Land-
steiner and Chase ("37) and Elsen Ords
and Belman (“52) have shown that varlous
cbex.mcn.lul changes in collagen can coz;‘fi

fmmunological rthes upon it. Te
poulﬂl?r; animals were (m-
planted a secand time after removal of the
inftfal fmplant, and the second fmplant
was allowed to remain a further 14 days.
Five antmals were treated this way with
unaltered collagen five with DNP-coﬂngm
fire with ungltered bone ard five with
DNP-bone The reactlons in the first and
second implants of the materials
were compared histologically In addition,
a skin test was made with an scetooe-
cther solution of FDNB according to the

procedure of Elsen et al ('52)
RESULTS
Collagen tmplants

foup I  The following reaction was
o around reconstituted collagen 14
- >
o
prs

}_,-".- [T NS ~

-

TN
4

;‘;"‘h\

J T IRVING AND 8 A, MIGLIORE

days after tmplantation. The resctios

a well-defined fibrous ca
Fibroblast-like cells trated the entre
{mplant, but no glant cell

introduced (this was found i
all indlcating that glant b
could form, glven the appropriate stimmis
The implanted collagen stained mar
strongly with eosin than did that of te
host and the collagenous bundles were st
arranged in regular fashion.

Groups Il to V The histological

of the fmplants was

with that of Group L

accidentzll
m—"P‘g

Groups VI and Vil In contmast &
Groups I to V a very
rupouanlfoundincrmpsﬂwdm

A fibrous capeule fo
inflitration occurred, but to a Ilenﬂ
The t cells were similar to
megi?:r’; Irving and Handelman
were of varying sizes up to 100 ¢
eter and contzining as many 18
puclel (fig 2) They were fmmd:he
in the fibrous capsule surrounding

— AT
<X

- .
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Cd}ulnanvmdDNPcoﬂlm(nlqun)nmﬂnﬂud.ly‘mtm-
tion, Note lergs number of glant cells. Hematoaylm and

of glant cells were present around bone
and soms contained fbrils either undecaleified with the bone cells
gen

which could be iden- killed or decalctiled. The same was found

modera
treated with dinitro- (fig 5) Groups O to V showed &

berrene the following was found. The of the same magmitude.

5

In the area. young connec  implanted with had a moch more
cells from

pl cells marked respomse that those of Group I, but

Tests for tmmune responses

rounded nucle! to spindle cells with DOt as strong & one as the rats of Groups
clongated muclel. By the fourth day VI and VIL The results thus ran parallel

Mgd“ﬂlmﬂ.ﬂﬂa(ﬁg,l) and No difference of any kind was seen in

Llrg in numbers mtzndt{mofuwmponxin'.beﬂn:
roup VIl Treatment with carbobenz ~ and second implants with collagen or bone

exychloride induced a glant cell re- and the skin tests gave pno rea to

<00, but to a milder The back FDNB

Tound reaction was the same as in the DIFCUSSION

other Lroupe. mﬁrxdlnpll:jlwd;?t!&%ﬂ;lhi:h

degree of specificity crfcal

Reacttons in implanted bone changes induced in both isalated coﬂlm
Irving and Handelman ('63) had found  and bone which govern the a

ppearsnce of
14 days tmplantation that a pumber glant cells They also show that theso
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above and 14 days lster was implanted into
the rat from which it had been taken
After 2 subsequent 14 days the implant
with surrounding tissues vwas removed

divisdan of the rats into the various groups
{s shown in table 1

Tests for immune responses

Landsteiner and Jacobs (36) Land
steiner and Chase ("37) and Elsen Orris
and Belman ("52) have shown that various
changes I collagen can confer
immunological upon it. To rule
out this flity animals were im-
planted a second tme after removal of the
initial implant, and the second Implant
vras allowed to remain a further 14 days.
Five animals were treated this way with
unaltered collagen five with DNP. agen,
five with unaltered bone and five with
DNP-bone The reactions in the first and
second implants of the respective materials
were compared histological In additon,
a skin test was made an scetope-
ether solution of FDNB according to the

procedure of Elsen et al. ('52)

RESULTS

Collagen tmplants
roup 1

TEE e

[N

L et

Fig. 1 Cellalar respoase around recon Ututsd calf-+kin collagen m:‘fd
fmplantation. enin

J T IRVING AND 8 A, MIGLIORXK

days after tmplantation. The reaction
around the sutogeneously derhed colligen
and the calf skin collagen were fdentical
No necrotic or degenerative reaction 1o gt
implants was seen in the host tesoes md
a well-defined fibrous capsule way famed
Flbroblastlike cells infiltrated the eniot

peara
with that of Group L "
Groups VI aud Vi
Groups I to V a very marked
was found In Groups V1

eE
Af

after 14 days. The background respar®
was similar to that in the previous (<P

1
% 3
i
s85F
§ =
L
e

>, et il
g ] 1 h;“;m

Infiltration by Sbrobla tlke cell only Hematoxylln



A Comparison of the Incisor Teeth of Intact
Hypophysectomized and Thyropara
thyroidectomized Rats

J B. GAVIN

Department of Basic Dental Schencer Unhersity of Otago
Duwsdin, New Zsalumd

ot 3t scopic ch i.ntg;indm:-.v:;lnndoc

mized oney and Rawson ('60) ob- tion In thedr rate eruption do not

®ned the fractare ( mention ma abnormalities of the
fre- type described above. H

Hi ett ('22) & to have beent the onl:

Frisdd e considered i )gbpem e fd

&M"then!thﬂ-lpy However all effects of parathyroid deficlency and a

04 served gl Ter ey He omeloded that the d?at
tdon for e gross

z“"’d‘"" nuym.;m.flmdjmmmu clsor abmonmalities were specific effects

bith mortality in affected groups of which followed but not

Apatt from Jung and Skillen (29) who undertaken be-

wbolhofwmhl;j ) cause of this confusion regarding the oc

mn’hmd!hnmdmo{md and fncid 5 pe
talleg omized rats, de- Incisor ab lfties in thyroparathy
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MATERIALS AND METHODS
The heads of 138 rats which had been
umdl;;coodxn(m)wmxdythemﬁn
ence of adrenocortical, thyrold and pitul
tary hormones on the car ic action

GAVIN
cod liver ofl (0.5 mi per rat
per rat) was ghe

Oftgchuﬂsnuﬂ:&nrmﬁ:x
fntact animals, 42 from rats k

X PPy

g

of 2 aminoflucrene on the liver were ex-
amined. All were random bred male Wls-
tar rats from the closed colony of the
Otago University Antmal Department and
were aged between 40 and 70 wreeks at
necropsy These animals had been housed
in petting fronted mets! cages in rocms
maintained et 30 =2 C. The cage floars
were covered with wood which
were replaced weekly Tap water wheat,
and a mash (bran 6 parts, pollard 7 parts,
slim milk powder 4 parts, and maire meal
3 parts by welght) to which was added
calclum carbonate CaCO, 1 gm®™ and cal-
cium phosphate Ca,(PO ) 0.5 gm% were
provided ad litum. In addition, milk
(about 10 ml per rat) and a partion of
carrot ar some other vegetable (about 10
gIo per rat) were provided weekly and

TANLE 1

para

four weeks of age and 74 were frum
surgically tbgupnnthrn:ﬁmumi&dﬂ
the same age. ypophpectunymg!:ﬂ
dete in all antoml. d by ¢
virtually constant -opeT bady
weight and by the f;

of the testes as indicated by the compr
In sections of ¢

=1

urelnza!nmev.banm:vm#d
gram body welght per week fn the

ol of tactsor abn ities ta the of rats ezl
Treatraumt
o Malrts  Easmdd  [umd
i sub- Aypepiosis
Surgient Cortisme Amine. Ocber pop | Booake ~
- — yos — 3 - - -
- Yy — » - - -
Tota? k=] - -
Hypophysectomy yes TS — 34 1 - !
Hypophysectomy yes ey sopplementatim 8 - i
Total 42 1 -
thyroldectomy - yeu — L] s 3 -
Thyroparz 1 -
thyraidectany o — - 7 3
Thyropara 1
thyroldectemy yeu ™™ — 32 19 n
Thyropars- Terminal . 7
thyToldectomy — Yo thyreld 18 10
Potasctom ) 1
thyroddectoony - e rodids 11 5 R
Total K 4 =
Propertion of rats with abnormality Intact - - ‘“1
Hyrophysectombsd 24 =247 — ”"/m
Thyropsrsthyroidectomued 368587 f34zs17 B0

Numbers underhned inticate aumdird errer



COMPAMISON OF RAT INCISOR TEETH 1

of their inclsor teeth (o
Tamgy) was evident from the
thape or posttion of the incle)

@
=

edge of the affected teeth. One or mare

of three factors uced these inclsor mal-
relationahips: (1) The fracture of one or
more inctsars (fige. 1 and 5) in which case

the incleal ends of affected teeth wers
glmxedurh‘mgulu (U) The elongatton

one ar more incisors so that the Incisal
edges aof affected teeth were above or below

strlation (fig. 3) in

P 1000
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wrere cansidered indicative of enamel hypo-
pluin. A few rats showed a fine trans-
;roovi.ngafthcmmdrurflcnbut
this was not considered as h
lu:chmguint.hcdegneufpdgnxnmdon
were also present. Seventeen of the rats
with enamel hypoplasia lso had a malre
latonship of their incisors a highly «ig-
nificant association (P =0 0013)
The third type of ty noted also
cancernied the degree of plgmentation of
the incisors. In thess rats the enamel of

J»

QAVIN
Jowrer inclaors with ensme! noticezhly
than normal. v

In the group of 74 thyropatathyroide
tomimdn.u(tabb 1)42(568")}:.:{
some abnormality of inclsor relationship
An gnalysis of these abnormalities s ghez
in tsble 2. Twenty-one mts (244%)n

affected teeth was noticeably paler in colar  intact and

than that of the g teeth of or between campletely and

other rats (g 6) Twrenty-two rats showed omized subgroups. The thmr
this enamel pallar Nine of these also had 1 1 d subg bowtitr,
an incisor malrelationahip and seven also mndmdymﬁupmﬂm0<
shoved inclsor malrelationship and enamel 001) of entmals with all three fyprd
hyp The ton incisor abnomality than the intact g
enamel or and incisar malrelationship and a i, Iy higher prop i
was y siguificant (P —000061) as incisar malrelati and ename b
was the association or plasia than the omired g0

betwesn enamel
and ename] hypoplasia (P = 0 0027)
None of the 22 intact rats examined
showed any abnormality of their incisor

Of the 42 hypophysectomtred rats exam-
ined (table 1) anly one showed any varia-
tion in the relatiomship of the incisor teeth
the plane of occlugion of the testh in this
enamel was tilted doe to the greater length
about 1 5 mm in each case) of the upper
wright and lower left inclsar but ell four
P had a normal incisal bevel. Nope
of the rats showed any
signs enamel hypoplasia but five lnd

tian of rats with tnefsor

TARLE 3

Compurtion of nbfrm hich
bt h'dﬂfrfl
Sabgrowps gnah
Intact 19
Hypophysettomtned M
Intact 19
‘Thyropars thyroldectomtzed 1
Hypophyvectomized 33;
Coxmplesaly 20
thyroidectomined
12
thyroldectomired

mmwmmm
in their qurgical trestment

—

of differemce
B e
Incleor Encmrl

ety Eypesiscis i
P_oss — P08
roooooa  pmoos P00
Pwmooo00003 Pooooola  Pe0ot
p=011 pP=032 paod
e



In
) and probably aignificant (P < '15) proof that incisor
dHf can arise in any of these ways appears to
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TANLE 4
put of of raty which wer similer sxcept
that ome growp did mst Teorise  perticular drag trestment
Sigattonnce of the ditterence
o ey ——
comparsd i Emael
tAntsoliomeae 1 r=o3s P=os2 Px013
Cactisoos acetats b P=080 P00 r=olo
Petasetumn Sodide n F=030 P=018 P=oss
Terminal thryraid . P=067 P=043 P=0033
emame] the num- review the posaible of incisor over
of rats with pallar of the enamel by an  growth. In sddition the explanation
which is probably significant (P usually accepted at that time — the accl-
=0033) However a comparison of the dental bresking off m;mgmh
b of phy rats — they mendan too sof| too rapld
00¢ of which received thyroid su farmation of tooth tesue a dislocation of
tation throughout pot show a g one le with mandfadar deviation
nificant difference (P = 0.23) in the pro- and mandibular In revicws
portion with pale of tal with the incisar
toeth of the rat Schour (38) and Schour
DIICUSSION and Mamler (49) state that when am
The effects of the various and Ir d its
drug treatmens on the incldence of In  growing without being worn off at the
aboormalities was investigated ncisal edge. The eruptive rate of un
;ﬂaﬂmbﬁmmbﬂwpwhich posed inctsors has been shown to be
fn regard to one treatment only

ts of hypophysectamy on the

of
Ud mamner of mastcation are the me- inclsor teeth of the mt have been studied
their of an elongation of by Schour and Van Dyke (32) Becks,
Inclior teeth These authors also  Collins Stmpson and Evans (46) and



inclsor fracture 1s unlikely to be the expla
natlon of the incisor malrelationship seen
in ons h ysectornized rat.

With

with the reports of Jung and Skillen ('20)
B and Hall ('563) and Maney
and Rawsan ( 60) who some of
changes in surgially thyraldecto-
mized rats but con to the conclusions
of Hammett (22) w considered that
the incisors of thyroparathyroldectornized
rats did not differ from thoss of intect
animals.
~ Only two other attempts appear to have
made to determine the incidence of
¢ abnormalides Hammett (22) foumd
_/,\ucr-tnutuftwmry-hcrwtngwmelm
specified dental abnormality 76 days after
lhympamlhmdgec:mny Money and Raw
son (‘80) found the proportion of surg!
cally thyroldectamized rats with fractured
incisors six months after operation to be

18% and in receiving thyrold
therapy 35% 'Ig:‘;p'ﬂfuru agree closely
with with frac

proportions
tured teeth in the somewhat older animals
In this study 185% and 50% respec

GAVIN

dence of the almormalities (table 4) thh
be exc

with radiododing Ziskin and Applduaa

acceleruted by treatment with thyrH
gest ar_potuedum odlde. mgﬁ

study thyrald trestment did
incisor abnormalities and the b

g

%

E

:

2

F

¥
='=9*
il

b

i

tvely The proportion of antmal g
enamel hypoplasia does not appear to have
been previously estimated and ename] pal
lor in assoclation with thyroparathyratdec
tomy does nat appear
previously described  The period of
post-operative mmvival 15 probably an
important factor in the madencs and
severity of these abnormalities  Although
the varjous drug treatments did not appear
to have any significant effect on the inct

gs
3
R

athvr
a‘nnd]a and Tweedy (37}
gests that parathyrold dehdcﬂfa
quent to surgical thyroidectomy
parathyroldectomy may be an
factor in thelr causation But

15

i

2
3
3
2
il
£33

ther investigatlons are
the role of parathyrod deficken<Y

3
%
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development of the incisor changes de-
scribed.

Enamel hypoplasia, as defined and ob-
served in this study has been reported as
lmdloflwidenrlctycrfzxpm!mmtal
treatments. These include

hypovitemino-
sh A and D (Schour and
Massler 40) fluorosds (McCollum, Sim-

monds, Becker and Bunting, 25; Hodge,
bﬁe—c‘lx\nm and Brown, 39 De Eds

itrile and
lmmmphichumme (Selye, 'B7) sur
thyroldectomy (Baume, Becks
and Evans 54) and yroldectomy
(Schour er and Tweedy 37) In
the case of fluorosts and parathyroidec
tomy incisor fracture and elongation were
ﬂalc‘dbtdmdvm.h the exception of

e

B

£g
{
H
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ments are assoclated with an sitered fron
metabolism and & reduced Iron content of
the inclsors However it 1s unlikely that

obsrrvedul]lmlmxhhadthenmedkn
Unfortunately not all the antmals upon
which Goodall ("83) based his mean ter
minal determinatons  vrere
available far exsminatlon in this study
However a comparison of the observed
proportions of rats showing pale enamel
with these mean bematocrit values for

ble subgroups of intect 0%
481+ 108) hypophysectomized 8.8%
334+176) and thyroparathyroldectom-
1zed 23.8% 27.8 + 0 98) rats reveals that
the incid of enamel pallar increases

fle studies

i
l
g
:

Hi
i
B
o]
H

i
|
|

with the degree of apemia. This explana
ﬂunofthad.htrﬂmﬂmufﬂumdpuﬂcrin
this study s in accordance with the reports
of Kitchin and McFardand (*33) Ratper

treatment. Bryu (87 undUlm.lmky
Shapiro ("63) have observed that incisors
regularly trimmed free of contact with
opposing teeth and allowed

peded
aiderably faster than normal incisor
tion in Intact rats (Schour 49; Schour
and Medak, ‘B1 Bryer '57) would reduce
the time avaflable for enamel nppaﬂﬂm
andy A

#H1
1!

t of the pig

enamel of the rat incisor has been

De Eds (41) Pindborg Pind-

and Plum (48) Schour and Massler
Butcher ('53) and Stein and Boyle

30) A lm:k of inclsar plgmud]:‘r.l‘

LEE]
i&

o ke
25

mi.ndscl'tmznnem.lytberefcnbathe
-] for the foand be-

tween incisor malrelationship and enamel
This h; s supported by the
probably o t increase tn the inc
dence of enamel pallor in the thyropara
animals which recetved

thyruld therapy Baume Becks

and Evans ('54) hnmlhmdut!hymid

the rate of

l’VIZ'Cl'ted folloming & widc range of
&xperimental treatments the majordty of
'hth bave been reviewed and classified
P‘:mnx.g ('53) Manv of these treat
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ture teeth and in which the eruption rate
Is up to 76% below that of intact rats
(Baume Becks Ray and Evans ‘54)
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PLATE 1
IXFLANATION OF YICUKIS

All incisors shown are those of h h fred raty

1 Showing severe en mel hypoplasts fracture of both Jower incheors
snd elongation f both opper inclsars,

2 Showing elongation of the kower left Incleer (o rat with uniformly
Pygmented enamel

3 Bhowing an ekmgation of both the animal left {pcisors; the Jower
ons has the

palatal mucosa UPper ona passts
between lomer incisors and is in contact with (he taongue The
enamel of the upper incisors shows a trantverse  triathon,

4 wmmumm-mwnmmmﬂ

5 Showing an unosual angle of emergencs of Incliors, fracture of the
lnlmlrlu'pparldutndnnndmmwlnxullhtlmrhrbﬂt
Bath lower mcisors contact tho palatal mocoss.

6 The wcisor of the balt hwad shown on the right f thiy Qwstracon
wre normally pigmented while thoss on the beft show an ovensll
pallor Tbo-aonlhcldtud:.hn-bowm-ﬂd.bcma-rrncﬂ-
plet 1y devoid of pigment
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The Fine Structure of the Aglomerular Nephron

of the Toadfish, Opsanus tau

KUTH ELLEN BULGER

Department of Amatowmy Harvard Medical School, Bosion, Hesseckuseits

of the Marine
Some? at Woods Hole.
Set l'mmmwttdmﬂmrdu

with RCA-3E or
RCA-3G

LIGHT MICECSCOPY ORSERVATIONS
The toadfish kidney consists of loosely
packsd tubules embedded in hemopotetic
tissue The tubules can be divided Into two
groups on grounds: the kid-
ney tubules pmoper and the collecting
tubules.

The kidney tubuley (8. 1)

‘The epitheltum of the renal tubule con-
wists of a single layer of cells surroundin;
-lumenwhlchmaylpptuopmur:horf
B s i Mg i o

m



Eﬁuufcermlnceﬂx,rumdomperpmdlm—
to the basement
sametimes be seen.
'Ihfk?d.ney tubules are often almost
¥ sur d by an endothel
lined, thin-walled, larps caliber veasel
The collecting ducts (fig 2)
1he Kdpey tubules connect with col-
Icclfngdwu Thﬂ;‘[;uhe.lhl cells of the
collecting ducts are and frequently
narrower hﬂnwim%nnmdannl
cilium are seen on the apical surface In
contrast to the apical on of the kidney
tubular cells the ap region of these
cells stains intensely The muclel e in &
more basal ton and are extremely fr
regular n pe  Surrgunding the collec

RUTH ELLEN BULGER

A Fixation with 1445 00,
buffered with s-collidise

ar pyramd shape slthough saoe
cuboldal (figs. 4 5) The cell memdrae
appears to follow a relatively sk
course without elaborate

Iumen from the apical plagma memhroe
which appesr similer to the amtermlt
m seen on gall bladder epke
Hum by Yamada ('55) The cells are e
together at the apex by a Jinctiol 0
plex (Farquhar and de 'B3) contemy
of a tight junction, an intermedisse jo

desmosame. dese:

somes are found along the lateral srix
apical to the nucleus (figs. 4 5)
Fine filaments are located in the

aced membranous prolict 7o
vesicles of density reguill
i g ";.ﬂnngmuh.mﬂ"ﬂb
with a double membrane (Ags. 4-6)
thevndw
near the apical surface o be 6
whueulhem"mnﬁ
daminate In the deeper part of e

et
A
i %‘:z
TREY
&%‘é%

u:ug ducts are variable amounts of collagen
an 1o 1ally smooth
muscle cells.

ELECTRON MICROSCOPY OBSERVATIONS

The kidwey tubules

The eppearance of the fine structure of
kidney tubular cells depends on the fixn
tion procedurc used.

i
g
3



FINE STAUCTURE OF THE

Iying besal to the muclens (fgx. 4 5 9)
They possess relatively few cristae, & mod
dense matrix, and a few wsmall

AGLOMERULAR NEPHRON 173
the tubular cells The usual ex
ist tn these cells but in low concentration.
Cells with similar marphology have been
identified in the tubule of Fundu-

The most significant feature of the cell
15 the elahorate systern of smooth-surfaced

membranes seen o the cytoplasm sround
43 57 Tae ot oo apionns o
most t appearance &%
sumed by the smooth-surfaced membranes
contlsts of wharls and parallel arrays of
clstnes gh vacooles and

lus hoteroclitus by Grtzka ('63) He sug

that they they are
sHght varletions tn the helght

Althou,
of the cells and the amount and a

lological state af a given tubule or
position along the length of the tubule.
B Fixation with glutaraldehypde buffered
with s-collldine post-fixed with OsO
buffered with scollidine

The appesarance of the apical regiom of
the kidney cells i3 markedly changed from

2
:

?
Eg-s
1H

E%Eé F'

%
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C Fixation with 3% snbuffered rounding b and & pde mak
Ppotasstum permanganate Cytosomes lie near the nucleus. They e
Most cellular argunelles vary in appear sist af a vadety of components in a dree
ance after permanganate fixation fram matrx.
that seen after OsO fixation procedures.
Microvill are regular unbranched apd DTants are scen in the baml copbm
do ot contain vesicles althom some
um:nhﬂwbuIbmupmﬂudmnlﬁ%ﬂndvn apical cytoplasm  They show & vasier of

L3
of swelling (fige. 3 8) The cell mem. *0APcs and are Interspersed amony
brane of the 1s still present but the chondra mdubabempnd}a.m
internal tubular atructures are not visfhle ~MCTRUTANCS appear to enduphmitd
The cytoplasm d st tnognd cWum (fig 1o)m-m:mq:&

§ emoath-surfaced membranes
just beneath the microvilll gnd along the basal cytoplasm with I

lateral barder of the cell apical to the na

g.}ltelumi;cmdthedmum
cym}ﬂnnnhﬁ)]?:f‘(ﬂ m pl yenc-la-edbynmanbrﬂmmw
)i Pruﬁlfl pred 1 ] m lh—e ﬂw
form of branching cisternae of rre, adhrccl;iwmanbe nent oceemed
twisted shapes with narrow lumens. A few ?m" the of spectmen prepTt
siculer and tobular profles are also o "o o tnterdigiating e

hovrever profiles are ganelles (8g 13) The lm:&agm
circular and sppear swollen. The cristse of DF&
in these profilea are crescents, loops, oT nluwhhhuﬂmtppﬂxfﬂ‘-‘"‘:
shart plates often seen connecting with the bu!m:yahﬂituﬁlwddw of B
inner lope A few hondris ap. The second type contlsts 0 5 0" b
pear to be hybrids with swollen ends and tmedvmcudﬂdmﬂl{vm w0) M7

bridged by cristae. mammalian bladder { lm'wmdm
The matrix is pale and chondria, .

chandrial ules oles are also found [
Nicropodies are scattered ameng the mwgwmﬂudqﬁy
mitochondrls They have a single sur  neath this specialized
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ments of rough-surfaced endoplasmic retl-
culum were iIn sbundance and appeared
to be well fixed.
C. Fixation with 3% unbuffered
potassitm permonganate
After perman, e fixstion, the spical
mnm%mﬂmmmm
vegicular and frregular cisternae
of smooth-surfaced memehrunes (fig 12)
The tHght junction is present but the other
0y of onal y

® § aTe niot
cbvious. Cytoplasmic fibrils are not dem-
onstrahle with this fixation procedure. The
nuclear outline is exceedingly

cleoH are pale Mitochondria a some-
what swallen and have a matrix.
Only a few of the 1!
exist in the basal cytoplam baut smooth-
surfaced of the endopl

reticnlum can be seen (8g. 12) ANP par
ticles are pot visthle with this fivetton pro-
cedure

DISCUSKION
A maring telecsts have fre
mmﬂym'vnduvﬂmbbucpeﬂmul
il Huot (‘02) first recogntzed that
marine kidneys ha

teleost Yo DO

mﬂl Audigé (10) Marahall and
(28) and Grafflin (29) studied

the kidney of the goosefish, Lophins pisca-
tortus and confirmed it na
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throughout the cell, and Galg! varying in
number volume and position.

The composition and flow rate of the
urine of the aglomerular teleost approx-
mmates that of the glomerular teleost (Ed-
wards and Condarelll, 28 Marshall, "30
‘34 Smith, 30 51 Marshall end Graffiin
*32; and Bister '33a,b) The aglomerular
tubules can excrete chloride creatine, cre-
atnine

sugars, ferrocyand
can be excreted by the glamerular tubule
under certain condltions.

The secretlon pressure measured in the
toadfish ureter was shown by Bleter (31)

laries The epithellum of the aglomerular
tubules can therefore secrete a wide va

tucidstion
of the fine structure of the aglomerular
Kdney should provide much information
on the machinery used by the cell to carry
out these processes. Such @ study was
odginally made by Rhodin (56) who
~ alated that the lack of “basal infald-

y rarely

RUTH ELLEN BULGER

mammalian Kdneys. Although it presenty
is not possible to know the stite in e

membranes stk

of the collecting ducts are coBTeD
the gpical reglon.



TINE STRUCTUAX OF THE

4 Morphology of related tissues

secetion reabsarption, they are seem-
ogly not & erequisite A

frem of mooth-surfaced in
mhmﬂnbrmcmbelmdinmﬂmly
trnsparting cells such as the chlaride cslls

s

&

z
|
5

i
8l f
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of this study and to Dr B F Trump at
the University of Washington where the
work was campleted.
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PLATE 1
EXPLANATION OF FMIUXES

1 Amwﬂm-lpmu!hﬁmﬂmdﬁ
toadfish, cpithelium consdets of  single layer w
rderov{IH into humen (1) distioct s

and other
tubules are often sumounded by thinwalled versels ( )
with tolotdine Blue X T0Q,

Stained
2 A light micrograph from a 1a section of  collecting doct of the
mmwmmmmmmm

5 (mv) extend lumen. The wpical c7%
plasm i3 Aled with brane

clumps aro seen in the muclens (n) mlxmﬂfﬁmwﬁ-
1 teral, and basal to the puclens. 8 aced mes

scen in the basal cytoplaxm. Flred in 3% potasshum .-
Stained with uranyl acstate and Millonig's bead tartrate, X 8900



\FIME STAUCTURE OF THE AGLOMERULAR NEFHROW
Lath Fles Bulpar




4 An dectron of the cells Intng the renal tubale of the
Microvil (mv) extend nto the umen. The apdoal oyt
s Alled with vesicles (v) With this fixatin the cell men-
follows  atmple o plicadone  Thr
mockets (o) has a The (m)
are demse matrix material. Golgl spparstus (g) ¥
seen lateral to the Trembranes Do in the
besal but commections with the besal plagmalemma ¢
rare. An Is seen t the Hght. The ende-
tes anow) and poces brideed by
thin dlaphragm (single arrow) Fired n 1145 020, buffered with
acatate and MTonigs bead tartrade

X 6,100
An electron micrograph of the cells lning the renal tobule of the
Mnmmum.hm(u The Colgl sppertizs
(l)lbahtn-lhlbohanqm nuclens (n) The mitochondrls

'mb) are in ‘the basal

Cyto.ﬂmn(e) near the mocieus snd an of tue
h:ﬂdent(ﬂ') rmdmmgo'o. ernd with
uranyl acetate and Millonigs lead tarirsie

X 8,300,






L

An clectron micrograph of the pical region of the kidney twbalar
cells fxed with 1147 030 buffered with scallidine  Microvili (nm)
extend into the lomen, With this fxation procedure the apcal

An electran micrograph of the pumdmmw
cells Aixed with glutaraldehyds buffered with scollidine, The pical
cywph:mkﬂ.ﬂcdwﬁhﬂlmenu(nlndmtmmbuh(m) A foew

trregular shape sre seen. Snlned
mLh\rnnylmnlndM.\Dmlr lesd tarimate X 17,600

electron micrograph of the pical region of the kidney tubular
R ey Microvill
(mv)exm:drmathnlm}‘_nvp( " narrow sooe under the
mucrovili and along the lateral plamalemma, the pkdcyﬁﬂ-m
s filled with {rregulary shaped elerornts.
mr{nmmu Jead targate X 13400
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ravh,
Stained with uranyl scetate and Muilonls’ lesd

An dectron micrograph of the pcal reglon of  collecting duct aftrr
fixation with 5% glutarakdehyde and posrfixation with 1447 Ov0s
ered with s-collidime,

ticles, rough-surf reticulum (rer) some mTelm
figures (mf) and Goll;l pparatus (g) Bulntd with ursnyl ece
tat and Millonlg® lead tertrate X 13300
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The Distnbution Within the Braan of Femntin Injected
into Cerebrospinal Fluid Compariments
1. PABENCHYMAL DISTRIBUTION '

MILTON W BRIGHTMAN

Laboratory of Nesroanatomical Sciemces, National Institutr of Newrological
Distases and Blindwess Natiowal [nstitubes of Health,
Betherde, Marylend

ADSTRACT The elactron hucent channels, about 300 i-wride, beiwsen the plasme
Jenmmas of adjscent call procrwes within the brain axs true peticellular speces alang
which ferritin mnlecnles can move. The micalles, visuatired y

™t undl 20 years ago that careful gHal was Incon-
'n‘lrﬂxamek(M) subsequently con-  sistent wii tbagrmnaflp‘cadhcan-
%n’edb'yuthcn('Wun]]nm Millen, ible at the level of light microscopy Such
)’&tltedlherpmnboucupm-ﬁa spaces were equated rather with the
md el bodies to thome shrinkage  watery rwol
tilacts, I fronting the capfll
The barlc method used fn such expert  wall (Maynard, Schults, and Pease 57
wental analyees was and rematna the intra- or arcribed to gross
theea) Injection of solutons or particulate shrinkage incidental to preparative tech-
xpentions with hiswlogical determina These earlier electron
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malemmas does not represent a real
extracellular space since it does not en

displacement of water into cells rather
than between them and iy in keeping with
the hypotbesis that the lucent gap 1s oc

supports the contention that the spaces
between sdjacent Schwann cell mom-
branes of peripheral nerve represent a
real highly hydrated gap along which dif
fusion can take place (Robertson, ‘57)
Thus the large ferrdtin moleculs can enter
Schwann cell chanpels in the toad spinal
ganglion (Rosenhluth and Wissdg, 84)
and the smaller fe anide
molecule can diffuse between proc
esses and gllallike processes of Muller
cells within the amphiblan retina (Lasan-
sky and Wald '63)

The present report extends these last
beervations to the mammalian brain. Tha
haracteristic 200 & wide interval between

aptic cleft are found to be true intercom-
municating spaces along which the ein
molecule ferritin can move (B tman
62 "65b)

MATENIALS AND METHODS

Ferritin solutions from which the cad
mijum had been removed by extensive dlal
ysis were injected into the lateral cerebral
ventricles of 12 male rats and into the
cisternae magnae of four male rats in
amounts ranging from 15 mg to 100 mg
of ferritn. After perfods of 12 minutes to
three and one-half hours the brains of
the animals were fixed by perfusion
through the cercbral ventricles or the
aorta with buffered osmium selutions.
Some of the material llustrating the sub-
ependymal tissue of brains not injected
with ferritin was taken from Syrian ham-

a small but appreclable amount movel

Tlularly to_become wika
the dense extracellular pools lying befse
the bases of some cells (Brigk
man "65a) even after e

g
5
3
i
g
3

ench
2nd adjacent medulla oblongata
bellum  the comparatively greater
tratlon of ferritin within he tin
appeared to be the sum of
intracellular passage from
rtroents

:
%ﬁﬂ

?
i

i
|
%

.
&
i

der of the velum and :;f';ﬂm i
underlying neuropdl,
relat:lo'nrh:o the routes of pasIag® uies ¥
ferritin.
A. Glial border of the
‘subarachnold space

bered thin walled vessels, a fex

mbmﬂne;mlhelrnﬂﬂheuwrd
2 poarly devel (8- 3) " e
bundles of lay ey T
velar and cerebellar border (82 3 1
free su d rol!Mlﬁ d
conssted of anml;!ilfd relle Wbl
both and epen compoed
lbe{rgmcerebeﬂar was ;yw"”'
glial processes only o
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xti:ol

fusions of
thess junctions by an apparent fusion of

from the

ded by

wrus
tively undetermined extent. Mareover that por-
velar border tien of the tnterspece fmmediately contin-

plasmalemma and

The fres

barder was

that of the
Invaginated. These

by the

basernen

3) The fres

subarachnold

invagina uous

free surface this Q.OOA"-‘W"Hc {nterspace
the outer leaflets of adjacent plasmmalem-

However at
dymal, ar both processes hut never in-
mobﬂtznwdzrh:w;hcrmdnkn

fused
foter
lam-

a base-
ally not
thedr
Tacent

7
compara

wes a bilaminar external  ina within the subarachnotd space (Ag. 4)

of ¢ lucent lamine apphed

w memm
: .mwm

il
H ¥
IT

ww mmm By ped
i

The
border
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mas (Peters 62) In places the

fnsed
as & median dense

ce ot ans point end oecluded by a1
fusion at another point (fg 8%

Flgures 2 and 3 100 sy fertitin beio roskk
two bours. Subsracknod border of 8¢
Uranyl

'
5
£

vesicles were tightly clustered

loid array within a few axomal

(fig. 5 mset B) situated randomly through-
neuropll {ct lefnxn

of these fibers belonged to astrocytes. Gly-
cogen granules also occurred within same
of the parenchymal glial fibers (g 6)
Both glial and dendritic processes even
when adjacent to well fixed axons veere
often to varylng degrees (fig. 5)

Throughout most of their extent, gllal
and 1p were sep d by
200 A-wide channels containing & lucent
} The channels were Jarly

e
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1 Intercellular ferritin

Ferritin entered the interspaces within
the medulla oblangats, cerel and
velum {n large amount about 1 to 3 hours
marthemjecdmofﬂomIOOmgt;f‘é:m-
tein. The molecules entered the in ces
lgejanin across the ependyma of the
ulle, pial-glial border of the cere-
bellum, and across both such regians of
the velum (fig. 1) In the velum ependy-
mal processes extenrded from ventricular to
subarachnald surface micelles were thus
able to pass between ad]acent processes to
enter the parenchyma from both compart
ments. In contrast, particles entered the
interstices in the molecular layer of the
cerebellum only after being }ﬁnmytocedd}}y
the glial processes (and by ertifactual
fusion across disrupted cell membranes)
there was no passage between glial proc
enses. Nevertheless apprecisble numbers
of molecules moved into the Interspaces
stuated at Jeast 30 u from the subarach-
nold surface of the cerebellum.
Within the usual 200 A wide Intercellu-
lar channels of these reglons micelles oc
curred immediately adjacent 1o elther plas-
malemma, or anywhere across the width of
the channels (tnsetAofﬂtﬁ,CS fig. 7
Either the entire length of interspace
s completely filled with particles or par
v Alled by clusters (fig 7) Within
confluences which did not contaln
,ller there were more molecules than in
an equivalent length of 200 A wide chan-
nel (inset B to 8 Aofflg D fig 8
and Bg 19) Although there was a ten-
dency for most of the molecules to eggre
gate near the plasmalemma, they were also
distributed elsewbere within these Jucent
confluences.
Occatlonally a portion of a synaptic
cleft contained ferritin which had moved

ascia between adjacent
ependymal are thus structurally sim-
flar In addition to having a dense subja-
cent cytoplasm (assymetric at the syn-

BRIGHTMAN

gﬂ:i) the interspace of both functiom &
with a dense substance

ptic homogentzed cer
bral tesue (Whittsker and Grzy '82), &
nevertheless the passage of ferta
malecules, ﬂmﬂmdl&m
w. never contained fr

ritin were those ocelnded by the
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™3 musterd Jett of the tnset. X 100,000.

bt ¥y n
il process. 3 3

s whereag the

droplets were fres of moucelles. It 4 Dote-
Sy that while the plasmalemma
Uicler gHal processes was able to form

YT

N2 r PR
el -Qf""(d. s gab S
L3 "

e

The (hick particn process ted noxr (he border of the yerenchyma
il &hdmmmmmmhd
fhe £00 A-wide intervpace and the wider confivencs between

the proo-

b (229 13 16 17 and 21)

Deurons]

o ol o :
Q%:mmﬁm d pro
ahnggs o1 of el P

(figs. 11 and 12) In the perikarya, the
les were d within mult!
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sicular bodies (inset of ig. 12) the particl-
pation of dense bodies was undetermined

3 Free ferritin

MILTON W

cu.l!!het:z:Be asm, Tl!atnme\-_l]uludepo-
sition of lecules not encl thin
@ membrane is almost certalnly an ardfact
due to distupdon of the emma
(Brightman ‘65s) At some paes free
ferritin was strikingly ctmﬁncgnt: the den-
drddc terminal. However it {s significant
that few or no particles entered the inter
mﬂng)d‘v;mpdc cleft (fig 13) Damage to
the d tic plasmalemma thus probably
occurred at same other level, so that any
particles which did enter the claft had
moved between the synaptolemmas not
across them. Another possibility account
ing for the de| tion of free ferritin with
in a section of a cell bounded by an appar
ently intact plasmalemma, iy memhrane
gﬁnm ting in the entry of male
es followed reconstitntion of the

1 1 Chiambers and Chamb
'61) The multiple interperiod lamellze
of the myelin sheath formed a continuous
ve-layered Interglial fusion which com-
letely excluded fexritin whether it was
rtifactually or physiologically distributed.
¢ Nevertheless it is stressed that free ferritin

(e g at a node the soma or a denddte)
Within all types of cell procexses, the
dopl lum and most A

dria did not contain ferritin. In processes

filled with free ferritin dense bodles could
be devold of micelles which were distrib-
uted indiscriminately upon and between
cytoplasmic filaments just as they were
within damaged ependymal cells (Bright
man ‘85a) It is important to pote that
the frequent damage to the glial processes
bordering the subarachnold space could
have been responaible for the inttial entry
of numerous ferritin molecules into the sub-

al interspaces The micellex could then

Exm diffused or been carred into the fur

ther reaches of these interstices mured by

pletely
cells (fige. 18 to 18) However on &2
surface facing the adventitla, the smoo
muscle cell was covered by a basemest
mmembrane appled directly to Jty plaser
lermma (figs. 16 to 18)
Ferritin injected into the
compartment came to He
upon collagen fibers (fig 2)
the pinocytotic vesicles and
adventitin] cells (fig. 16) M
wrere also freely dispersed
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c-J,
\__1&_ EER
pearcnal soma and
mg;ﬂnr(uﬂnr&dﬂ) X 50,000
Terdtin melecaler matrr of - mrultivericalar body

x4 w’
b } LS
e R;.nt 5 FeNy
G "?"t‘ Yf! A
kel '1_ ( -

which was fuunedhy--hcetlﬂnxwmﬂd

(fgs. 14 t0 18)  to the the endothelium (fgs. 8
that 18 and 19) Thcl.e boring hortzrontal
goblets, that are pre- glial sheety were thin, being 200 to
and that are 500 A wide thelr wis no

lens 1 than the inder of the

or tmbricated intercellular fusions.
ed

the feet and the exclusion of micelles from
and mmﬂumuﬂwﬂ!ﬁn‘heﬂ

airrnc a T change of ferritin across the wider glial
crossbar of processes ocomred mainly by pinocytosts.



Fig. 13 A cammon pelarired ertifact™ consists of freely

SR S O 1 )

=“.’.'¢‘.‘

o the T
Imid.nloc!::ﬂ:r“'u'

1 sm of dendritic endin asculer feet overlsp
» 1 em post-synaptic gs. Adjacent pertri glial I Led

probably thres
cltrate. x 35,000

In fact, ferdtin-containing pinocytotic ves-
icles were numerous within the por
tions of the (figs 8and 8) Sig

ough the plasmalemmas of
the very thin portions of these processes
did not form any pinocytotic indentations.
Percytes ( othellz] cells exclusive of
mul‘g; m&ddcdwlmlnmehm
ment membrane also pinocytosed ferritin
(inset B of fig. 9) A few of the remainin

Modulla ohlongats 100 my ferritn fnto

£ the where and wmck
R e e e
'54). Viewedel it

ces are conpective thssue SpICeh
umdby.mmmaﬂmdﬁ
containing collagen or connecthe B
bot oot

migrate 6p 8 5% g
barscbowd Y

particles which diffused into and tt t
the periendothelial basement membrane
were finally pinocytosed by the endo-

449 VWoeollam and Millen '54) communi
cate with the subarachnoid space and ex
tend only sbout larger blood vessels as

within but may in fact,
:mmm Vrdchllnddl"’u"”

Hn. A porthn citrate
:::m ttop and bottom. Lead ¥
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h-wdmyrmnﬂoucarrupondtu
’Moubetwem!.bellninzme‘olhdhlcdh
Razherthet:ul-de-uclscloscdbyufuuon
im basement memhrane
bordcref!beparend:ymnand
blood vessel wall (Nelson Blinzinger and
Hager 81) Inufcw!.nlmnce;_lhepeﬂ-

-

s However we have not as yet ob-

g to a

the Lining

the

Space extended as far as the capil
Ferritin malecul

beyond its paint of fusion Near this point,
the mesothellal ppeared

lUning had Qdisa

leaving the gllal berder coversd enly by

t membrane just aa it was in com
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these intercellular only be-
tween ependymal, ghal, or both cells and
oot between The inter
Eiﬂh:mlluufdn -hnthug

Counterparts of such and
whe exclnde cns

Awide interspace 13 at vardance with the
fadmg that, after e fixation adja
Eﬁmﬁumuuf and
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obliterated at one point and as abruptly dis-
tended with ar without dense filler at an
adjacent potnt. Estimates of the size of
the cerebral {nterspace measured by phys-
ological
Sparion! ‘59 Reed and Woodlnoy ‘60;
Streicher '61) yleld averags values which
cannct take into sccount these disparities
Conrversely the present results cannot pro-
vide a measure of the maximal shze of the
interspace but do set a lower Hmit of 100
A, the diameter of the ferritin

This molecule

channels but

could also have been carrled along by bulk

flow of interstitial fluld Regardless of the

mechanisms, the movement would be in-
fluenced by the extracellular filler

This filler {s, presumnably equivalent to

basement membrane material. The space

may
Ukewise be regarded as 2 dense pool of
fatdy uniferm width though its paren-

probably

tricle L X

This jnset, Arure 20 and its Insst: 100 mg
fertitin mfo vantricle IV for two hours. Medulla
"

spaces but are excluded fram the to-
won  (right lnw)lndﬂ-mwﬂu

(sop right) ¥ 80,000

Insst Tw  perrvasculer o
pand inte club-shaped endingy et a3 an
Mﬂw{lﬁ!ﬂfm The

contain vesicles, sheet do not Fer
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by of the
eral ventdde for 18 minutes,

chymal extensions apparently do not anas-
tomose with the fsolated dense lacunae.
At the subarachnald surface the dense
canalicular inveginations af the

with that occurring in the peurosecretory
organ of the insect Leucophea maderae
(figs- 2 13 end 22 of Scharrer '63) the
interglial spaces In the ganglia of the leech
(Cogeshall and Favrcett '84) and the inter

As
Wissig and Palade ‘61) and the rea i+
trema of the brain (. Wik

‘55) the cercbral basement
furction as 2 filter for colloidal jober
The basement membrane covering

Ea<
peurcnal spaces about Mauthners cell in
the goldfish (Robertson Bodent and lar fusions o the BLLOCIR Lo
Stage '63) In the insect argan the dense o7 ‘e botom pl mnalemel, O Ty el
filler shares & connective tissue space with :‘("lhtd-k:r‘m rlght near the DOoA
collagen. In rat bralns examined so far A, axon c -:-"u,.,.,—
the subependy and bell. pdl AL mm:h-ne"*‘ oty
nndthatnf%ul!acwry bulb (Reese and {.rlu ar basernen ﬂ‘““:d -
Brightman, ) contaln dense pools too taintng WO i)
rewlhnnd circurnseribed to account for a BV HOod o o et b2
periodic acid-Schif-posithe  ground  sub- cell the rr“‘;";,‘!"em
stance (Hess “55). Nevertheless these iso- (E) x:kMM(“m u,.,r\:‘n,
lated dense pools represent a fundamental G gllal et PO 10, g 1) 1y
varlant of the interspace and occur through- B two M‘” wor o
out the brain from the ependyma to the Ted. + oot 1

border of the subarachnold space  p ‘dense pool  larre Tocr

(fig. 21)
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ever ferdin cannot even enter the base
ment mehrane around the smooth muscle
cells of subarachnadd artedes. It would
therefare appear that the properties of
these two basement membranes are dif
ferent.

It ts 1kely that ferritin 1s not as fres to
move within the denss poals of the paren-
chyma as within the 200 A wide clefts ar
the intercellular distentions not containing
filler It ix also concelvable that the filler
may affect the mobility of much smaller
substances as well. If one makes the fol

ARIGHTALAN

and Clemente, ‘55) and albumin (Brown,
'61) It i3 self-evident that If all the pares
chymal interspaces were a3 wide s s
focal confiuences considerably more ke
rtin could be accommodated Howna,

lowing sassumptions viz. that the base- ent findings suggest, however that pro-
ment membranelike fller is comparable vided endothelial transport &
to the {npolysaccharide lexes de  sub frum the blood stresm, ¢

rived from connective tssue then salts or

mlcrocrystals
osphote  (Welnsteln, Sachs and Schu-
’63) It is suggested, therefore that
the lacunae containing dense filler may
serve a3 jonde poals.

Bennett ('83) has postulated that the
basement membrane surrounding striated
muscle cells acts to keep potassium fons
from diffusing away from the immedlate
vieinity of the nrco{cmma. A comparable
ér:ﬁrdhnem to fonfc diffusion

ular filler may occur but only
pendymal or glial and not be
rat bratn. Upt it
4s’known whether jons are indeed held
within the filler and whether electrical
activity of neurons is modulated by such
interglial sources of fons the supposition
of functioning fonic pools can only be con-
Jectural.

extra

Blood-brain barrier

The variations in size and content of the

interspace are aleo pertinent to a con-
sideration of the bloodbrain barrier

of an appreciable extracellular ce (Ed-
strdm ‘58 Dobblng 63) Cem:g‘m;ium
lacking this barrier e g them-pam'u?a

tlon for Intracisternaliy
thicker

ferritin 1s pinocytosed
tons only (figs. 8 and 8)
sheets and their basemen!
therefare comttute o dos
part of a vessel wall The
scnee thedmm ot
attenua sheets sugEey

the unmm-tﬁemw‘l”&
faces of a process must be sepIna
critical distance (greater thas
mntcly&DOA)btfareuPh“T“"b':
Lhno’i‘thnp
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the mutual repulsion

as the plates @ ch one 200
simflar relationship may obtain
two Nel cell memnbranes (pld
Sl s P
T L ncpuinion may be mlicke]

T %ﬁ%

are characterized by large extra
spaces within which can sccumulate par
ticles of colloldal size such as silver salts
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mutual rep
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the pertvascular glial border even large Edmﬂm.l 1833 Annu-lmumdhlhi
moleu.ducnnmchtbeplnnmnlm:mnuf P’gfﬂ’mm Frrcka

4004
neuronal and gu‘l“d-""ym""-“g“l“nﬂ FlmhtrlLG-.S.Lthxnd(ll’.M
a patent In without 1 Torm
having to pass tmhcrthrouzhcytuplnnn ﬂ'lmfnlcrm'.hnnu:ml =3
(g 30 Conchmteld, i B ¥ W, 3.4 Zobmsy
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Growth of the Rat Epiphyseal Cartilage Plate
Following Particl Amputation '

DAVID J FIMAIONS awo RUDOLPH ¥ NUNNEMACHER
Badiologice! Physics Dirition, Arpoxwe National Laborutory

INinots snd Deparimsnt of Biology Clark Untiercity
Worcester Marsackuseits

AMTRACT  Following an of the rat distal fumoral epdphysls with Ity
o] cartilage, the cut surfacw of the cartilage is sealed-off by trabecular
and the cells foll to mndereo fortber growth turation st that site. How
rer, dpcy the perdpberal rows cartilagn cells urvive and con to probiferate,
G esllzilar activity gradient caness the epiphysesl remmant to rotsts boot fuoed
cxt rface of the cartlage toward the dde. the
doprs of rotation to the Jongl-
todmal growth of the contralsteral inmct tn nocmal ertrogon-treated rate
While estrogen trentment retarded both the growth of intact femurs and eplpbyves!
Totation, the retiss of these growth measurementy t different time Intervals
cetectomy (0—4 4-7 T-0 wecks) wurs identical to those of the control series.
It way concluded that partial smputation per s¢ hed no ot on the
vinality of the snTvrving of morsover these cells
wers entirely responsive to the growth deprening sction of estrogen.
mwawm and Silberberg, 47) and endoerins (Stlber
Eﬂ”ﬂ) that the bones of  berg and Silberberg, ‘56) status of growing
'Edlmhrlhkmnmwmhn animals.
from ends. Tbe growth centers are Arrested or reduced growth has been ob-
h"""mhtlhehitbly;?-‘dﬂlmdﬂ?iphv served in Mmbe following experimental
%l cartflage plates the c compression of urﬂ]as:bﬂt]n
miomy of thege was first do many specles (Arkin and Katz, ‘58
xied by Maller (1858) Dodds ('34) 56 Rooney A Siffert, 58 Sijbandlj
mhml?ttd!he{ummunufthee#pby 83 Strobino et al. B8) Small defects
disc from the unorgantred ve produced in growing cartilage plates by
;Tmndhammmﬂ]ep;m ncision (Haas ‘17 °'19) mpeedle
h’:n‘ﬂﬂdmw ball (Olber 1867) or by drilling (Fard
Tore or lesa regular columms. The and Rey "58; Imbert, '51) do not generslly
c"ﬂltﬂhttrnliﬂ.edb‘y-ce]]uhr-i::a result {n reduced growth The growth re-
Bidient (4 zoney) oming to & gradual but  tarding effect of defects prodvced by
%Lcdnrhctlguchnngulnuch trauma or surgical procedure seems to be
M0 The epiphyseal cartiloge I a cell propartional to the gire of the defect, and
:"lvllrm,faﬂhomﬂmu:mmmd is caused by the formation of a cancellgus
of Wkeletal growth depends upon the bowe bridge crossing the defect to fuse the
&"ﬂmﬂn:mmu“ of the cells in phyls to the roets (Canpbell et
3,mﬂlpmltfmdim( 2 — Dodds 59 Ford and Key Numemacher

w)  Recrmt autoradiographic studles of 39; Salter and Hards B3 Siffert, '58)

in the rat after labeling Large defects in intact cartilages may ako
SQrlage cells with tritlated thymidine Fmdumpwep!phy:eﬂddnmﬂuu(sﬂ
furtitshed addy ert 56) Partlal amputation of the car

froeration tmes an epiphyscal metaphyseal brdge across
‘“”h“fm 80) the cartilaginous

erat] functional (matrix growth of the plates at that sin (Nunme-
are ) activitles of the cartilage cells macher "36) However becanse the cells of
(hehegerire
Acheson, et al '60; Saxion  ( T'e Rkl el Co [ e ot
‘l]‘.‘
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DAVID J SIAMMONS AND RUDOLFH ¥ NUNNEMACHER

TARLE 1
Epiphystal plats thickxess tn wormel amd estropemtreated s
Weeks of ,:-“u‘f Cowtrel Estragen trexied
e o e Somm e
) o
Q 6 0.401 = 0.068 — —
4 .3 02850030 02180008 > 00
7 ] 0,193:£0.023 0.137+0.005 >
? 6 0.218:£0.005 0.138=0.020 >e0
1 ] C.I1780.004 0.154+0.009 >om
13 L] 01710018 0.135+0.004 >0
Larger numbers of irregular bane trabec 150
ulae were abserved in the metaphyses of o commmoL

estrogen-treated rat femurs than in the

in rate of bane formation (Udst
ag.dm
istology and rotation of partially am
putated Cartilages In the control fermurs
after partial amputation the appearance
of the orginal surviving cartilage plate at
tbecutedgewunct&.kzthmof'hpsed
union (Dawson, 29) The cartilages were
thinner snd the columnar pattern of the
surviving cells was The
metapbyseal trabeculae were short and
fused (at 4 weeks) with the cancellous
tepalr bone tswue which sealed off the
cut surface of the cartflage At the cut end
these changes suggest a retardstion
if not a complete cessation of growth. The
rows of cartlage cells and the intercellu
lar matdx were better preserved at the

ne rere
quite long (g 10) It was this cellular
activity gradient which was responsible
for the rotation of the cartllages toward
the amputated side Effecthe growth and
rotation of the
trol cartilages was rapid throughout the
first nine weeks of the experiment and the

TRE v
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‘A of fm drmee o
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R
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growth of the piphysis
closely paralleled the growth of the {ntact
cartilage 1n the unamputated booe (fig 4)

In the femurs from -treated rots,
the remnant of the original cartlage plate
was severely a over a greater dis-
tance from the cut end than in the con-
trols (fig. 11) Metaphyseal bone forma
tion had nearly obliterated the marrow ele
ments after seven weeks of hormone treat

i
55
Td
g:s
] 4%
t9%
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ROTATION OF AMPUTATID CARTILACES

D 5 A drawing of the distal end of  rat femuwr. E, epiphysts; EB eplhyseal booe
5 tibirmal cartilape plats; MT metaphiysedd trebecalee ARsls abe — narmal angte of

TH 6 A dagun of (e dstal end of  rat femur showing partlal amputatim of the
cartflage plate. OCF original cartilage plsts; arrow directon of rotation (&b —

d of mlmﬂmtmhnnn?nﬂﬂunwhﬂm
fid Note the axiterms rotation of the curtilage (OCP) around the
Porzt B Angle abs’ i4 the angle of roution (compars with A 5) T, epiphysis.

T 1 The
""““’C*‘:lrt-rwhtp:hmv ratios of the mean change in angle of rota-
_— femur emgth tlan to mesn change in the length of the
VI o fume ot contralateral femur_cateul
- tresend the early experimental perjods (table 2)
'6‘_““ in both serles suggests that pardal amputa-
P 133 48 g::dyartedidnoia&ml.bcﬂnﬂtyof!bc
e :s 19 ving peripheral cells and cartilage
T—— 2 10 The change from 04 vweeks
B cnstrates particularly well that the smaller
b%mmthmnbah‘]lnmd. rotation of after estrogen-treat
activity ment reflects the erences observed far

in the rados at 4-7 weeks 7-0 weeks

Trophy to the degree
of the cartllage plate. suggests that physkologic growth was
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slowed and perhaps that further Totation

7580 was impeded by the physi-
resistance of the cut edge of the shaft.

DISCUSBION

Effect of estrogen on bone growth
The present ea}::d.ment has confinmed
previous reports that the administration of
estrogen to rats diminishes their body
welght (Bernick and Ershoft 63 Bugbes
and Stmond "26; Clausen and Freuden
berger '39  Gdffith end Young 42
Mathews et al. 42) owing to

decreased
mm:ﬁanundudllnﬂuu of food (Day
and F 41) Tbe growth of bone was
also reduced

probif
in the epi 2] growth cartilages (Ber
n.lckmﬁpﬂ:ﬁ‘ 63 Day and Follls 41;
et al. '57 Siberberg and
Silberbery 41 Simpsonetal 43) Prest
et al. ('60) have also d rated that

DAVID J SIMMONS AND RUDOLPH F NUNNEAACHEX
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that observed by Nunnemacher
raty apd by Campbell et al (

doglechaiim of epdphyseal
Hon. Postoperative rotation
tally amputated cartilages in
way in all caser

described

e

g
B

st ol

the uptake of radiosulfur in the cartilages
of estrogen-treated rats {s diminished, indL

g
g
£
T

“laj
Ol A

m'uczrﬂlm de synthesds. Histochem- “il

{cal slterattans of the ground sub of t £ m"%m
bone cartilage tissue in gradient of the residusl living w"“ﬂ&
treated rats have found by Bernick macher ('39) found du!r::l

kaku]mpomw"ﬂqgn
fn the rat are age dependent. Talbot ( )]
Urist et al. (48) found that the
changes were not manifest in animaly
ymmgerv.hmdamum{:b:ld mdm' most
pronounced during period of sctire
growth between one and three months of

Effects of partial amp on f in the mnf A
yreal cartila, ever when the degrees ‘#Vh’hyrrﬁ
5 " ot danwcrecm-nputdwtbeﬁu:b‘h(uwa

ity grovat e
tation, leading to e arrest
:fu'g: cut surface. This was accomplished
by the formation of bony repair tissue
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Phase Microscopic Observahons of
Rat Incisor Enamel *

Tomes (1850) describing the structure  after the subcutaneous tnjection of sodtum
dmﬁthﬁmmmd,mwdx'[hamp- fluoride Initial observations of sections
Fosed Ahres (rods in present terminology) teken from the control group of antmals
&z composed of layers of fibres and each indicated that the outer layer of enamel
layer of  einglo series, the fibres of which possessed a highly arlented structural pat
e perallel to each other and at right t:m_muudyu‘lv;sﬂthn&::m dectaken
composing the lxyers to define more y outer layer

ename] as well as to re-evaluate the inner

|
it
?
;
é

gﬂdtbemamddmﬂbtuufnnt.he layer of enamel.
become parallel, and lxmination
:":yt%‘(‘mtlr;cmumhm‘mnm-nd MATERIALS AND METHODS
utcher  '56; Frand end Fifty-day-old 8] Dawley rats wero
Somnacs, 60, Helmke snd Rau, 62 yed be sromtmint antls. Th e
;‘E’?‘Gﬂmﬂnlﬂdmﬂﬂ '62) 2gree  myals were killed with ether; the incisors
ey owes description of the basio pat with the morounding soft tssue and alveo-
b nfmduﬂmt-viuntntheinmhm lar bone intact, were dissected free fized
wmmmnmhwmmamwm
T e vt T o e by 2] (55> hin ground e
oul yer scribed by Yaeger ('58) Thin ground sec
:i:tnnu('ﬁo)dmyﬂwem&nmﬂf tions (4-10u) of the incisors were pre-
(54) this while Watsan and Avery pored in six different planes
when conglderable reservation o A tangential section through the
they stated “the rod structure if inner layer of
tm*"‘,'bﬂ'hamdmmhm A tangential several mi-
1n the outer enamel in the same crous above the dentino-enamel junc
“zlllhuuflbehmzrmnmd tan.
e Tuh many of the early investigators c. A tangential section soveral mh
the D’“ﬂndlecdnmfurz.herm(guf croms below the dentino-enmmel func
Mlndwtmxmelofmd.mumuf ton.
Tealizg 008 Which were thin enough to d A mideagital section at right en-
the maxirmum resolution of the light gles to the dentino-enamel
mlerscope. Becent refinements in trch- e A midsagital section at a 45
?"“'l) (Fremlin, Mathleson and Hardwick,  gncle to the den
hmap:m‘hﬂmnuuno!ncdmlul ?Ammvemncﬁmnlls agle
tamel g thin as 2 p. Using & to the long axis of the tooth.

m"‘ﬂﬂmﬂ.nnuf!hhlcchmg\n thin ground — ——

%dmlndmenamelwmbdnl T Errrecr oos PR oo

m’;ﬂ 0 this laboratory for a study tﬁt’: N e of o
with the alteration of amelogenests Wiertond

bk Y TS, E=s)
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Sections &, b and ¢ were taken through
areas of mature enamel.

Sections d, e and f were taken In areas
where the enamel had reached its defint
tive width but had not fully mineraltzed,
These different planes of section are 1llus-
trated in figure 1

Since the section tion was the
most crucial area in Investigation the
author will discuss in detall the method
that was used Fremlin, Mathelson and
Hardwick (81} have described an excel
lent method for the preparation of thin
ground sections of human enamel. The
present author (Weber "64) recently de-
scribed a rapdd technique for the
donufnecdomufhummmmmeimthe
20 to 30 u range Nelther of thess tech-
niques, however was found to be ade-
quate for this particular Investigation. The
method reported by the author would not
produce sufficlently thin sections and the

y mentioned authors technique
would not allow the preparation of the en-
tire width of a tooth as small as the rat
inclsor A modification employing aspects
of both techniques was devised. The
methacrylate-embedded inclsor was ground
to the dexired plans of section using a con-
ventional dental model trimmer This sur

ace wos then finished an a glass plate
ing wo. 4 0 emery paper followed by

. vigated alumina on microcloth. The pre-
*¢pared surfaces of two specimen hlocks ene
cut in a transverse and the other cut

in 2 longitudinal are shown in fig
ure 1 The specimen block was then glued
to 2 standard mi slide with East

man 910 adhesive Initial reduction of the

DENNIS WERER

70 1 down that this method differed
the method of Fremlin et

abrasives dispersed In a lkF:id
Using that technique it was found
Tema

LX)

i
i
gﬁé
h

bly reducing the thickness of the
Further grinding reduced the
in width as well as in thickness s
when the specimen was sufficiendly
the surface layer of enamel was ot
however the wras Teduced to e
15 u Jevel with po. 4/0 emery pﬂg;
the abrasive particles are toa
backing) the methacrylate and the ton®
wrere ally reduced. Extreme care x4
taken during this step. A plece of o2t
was placed betreen the glase plate and ¢
abrasive this acted as 2 cuhion s2d
possiblity of fracturint te
F} cn. Because of

dreed
a particles on the
(17 u) one might expect this

it

=g

i

gz
1
i

5
%

before the final reduction
with gold rouge were found to
ably satisfactory (1f mounted
oll) far phase microscopy The
back to this method was that
meny were not pl L
this is l.nevitanlcll’n any {f;‘;w
techrd This {s not &

huwevg:&w}mn viewing small aress

section.

lboA special method ufcmhcdﬂlﬂ"”ﬁ
for preparing planca s band¢ T
tive width of rat enamel §s 3

Eﬂ'
i

g
i

%

complished by a previously described tech speci=r®
nique (Weber 64) Reduction of the 80 to 100 v This makkﬂ it
specimen to approxtmately 15 y was ac  arientation in the bloc quum -
1 d by hand grinding en no 4/0 tangential sections are luﬂ st
emery paper  Flnal reduction and polish- anv degree of accuracy of £
ing were done with gold roupe on a &k Only the erupted ’D‘I”]lhe unpunl et
clath Tt was at the stage of reduction from  tooth was used for geotlal
e
Abbreristions
tn 11, tnner layer of enamcl L il it W
D s oty g T e
e Ainal vection Ileyer of ensmel L tochal
re, Tod. cros section de), dentinoename] hiction B
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of section. The lablal surface of the enamel
was positioned against the fiat surface of
2 mi slide and then embedded in
methacrylato in this position As a result
of this embedding the labdal mrface of the
enamel was in a point to-paint contact with
the glass slide and completely mmrounded
by & surface of methacrylate which was
on the same plane as this contact and as

1 The base of a cylindrical vial was
removed and the vial was sealed to the
surface of a glass slide with partally
polymerized methyl methacrylate

2. A sectin of the incisor approxi
mately 10 mm in length was cut from
the appropriate area of the tooth and
the lingual surface glued to a cotton
swab stick. The opposite end af the stck
was inserted into a cork.

3 The vial was partially filled with
methacrylate and the mounted spect
men inserted into the vinl so that the
lahial surface of the enamel was in
contact with the surface of the glass,
The methacrylate was then polymerized
using 2 dry heat oven.

in the block it was relatively easy to pre-
pare tangential sections in the previously
indieated planes. Several swipes of the
specimen across no 4/0 emery paper ex

the inner layer of enxm  fig. 2¢)

other two planes were 1 by fur
ther grinding with constan| of the
exposed enamel surface usi inary
light microscope with reflec
The photomicrographs 1 with
a Leltz Panphot using a con
den r and phase objective arc
i ce with a green used
fo atlon Specimen ted
in fng immersion ad
ar ndex of 15150
radiogram o}
tain Phillps cont
¢ exposure
WF":'I and 2MA;
was t The emu
regist e was

The £l

OBSERVATIONS

The inner layer of examel
With the exception of the first
enamel laid down by the
general marphalogy
enamel corresponded
tons: an alternating
layer to layer This
longltudinal scctions which
at a 45 angle to the long axis
(8g3. 3 7 and 8). Theoretically
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238 DENNIS
dentin which was from 1 to 2  1n thick
ness. Bars of enamel projected upwards
from this initial layer at 4 u Intervals giving
this layer an appearance similar to a serles
of pillars on « slightly elevated bass (fig.
8) These pillars ar bars of enamel were
approximately 4 u In height thus giving
this layer a total width of about 6 u. Viewed
in tangental sectfon (fig 11 and 12) this
layer of pillars had a fish net appearance
which indicated that the plllars seen in
transverse and longitudinal secton were
interconpected and formed a continucus
netwark. This zone was present in devel
oping ensmel and mature enamel. The
microradlogram (fig 8) indicated that this
layer had the same radiodensity s the
rest of the inner enamel. Figure 5 is an
H&E stained sectfon which also demon-
strates this 1
matic three
ton of this layer showing the relationships
between the compoanent parts.

There was a narrow transitional zone
(fig 13) between the {nner and outer layer
of enamel This rone appeared to be very
fibrous and lacked any definite structural
pattern.

The outer layer of enamel

Viewed in longitudinal section the outer
yer of enamel presented a highly fibrous
ppearance  These fibrous elements were

parallel to one another and at
about 2 45 angle to the dentino-enamel
Junction Transverse plane f (fig. 1b) cut
theso elements at approxdmately 90 thus
revealing their cross sectlonal morphology
This layer presented structures which
could be termed rods and Interrod sub-
stance (fig. 13) The rods in cross sec
don appeared as elangated ovals which
were staggered In relatlon to one another
so that the end of one rod was next to the
middle of an adjacent rod The cross sec
tonal area of 2 rod near the inper layer of
cnamel was lesa than the cross scetlonal
area of a rod at or near the surface of the
enamel Trere appeared to be slightly more
{nterrod substance in the Jower levels of the
outer layer of enamel than at the surface
area It was interesting to note that cven
near the surface where the rods have their
greatest dlameter they were sull consid
erably smalkr than the diameter of the

serles of triangular shaped spaces a2
below the surface layer (fig 7 and 1)
The bases of these arcas were durced
towards the mrrface.

DISCUSSION

Section preparation teckwique
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through an area of developing epamel. It
had not completely mineratized but had
reached its dafinitive width and was acid
satuble Sections of mature enamel of the
outer layer were very difficult to prepare
They did, however present the same sp-
pearance that Is demonstrated In the sec
ton of developing enamel. Investigations
underway in this labaratory indicate that
the interrod arez shows a high concen

ahly low magnification
would be enligh g
B uflbem and Vialle ('62) indi-

ouytsou

cate that the layers of rods bent in the
outer third of the inper leyer and became
perpendicular to the dentino-enamel junc
ton while the Tods in the outer layer be-
came perpendiculardy directed as they a
proached the surdface While 2 digg;
curvature of the layers of rods in the outer
third of the inner enamel was noted in
this investigation the layer direction never
approached & 90 angle to the dentino-
ensmel junctdon. These authors used de-
mineralized sections from the basal end
of the tooth The sHght curvature present
couald easily be accentuated during section-
ing No change in rod direction was seen
in the outer layer {n this investigation. The
photornt ph published by the above
luLhnn,l.ugiadn the change in rod direc
ton in the guter layer of enamel, was not
convincing to this author

and Vialle (62)

coald refer to structurally different types of
enamel. Tomes (1850) patnted cut the
varlations which occur in enamel in the
arder Rodentis many years ago. The order
Rodentla was pre’ divided {nto two
sub-orders  the tata (one pair



of incisors) and the Duplicidentata (twop Buiche E 0. 1958 Enme rod mants foo
of inclsors) The Duplicidentata have ~ {om 13 the mats tochar J An. Dent daer.
placed in the separate order Lago- prank, B AL, and B F Sogomses
morpha and the order Rodentla s now e sy of mu join ol o
divided inmmt.hﬂ:: sub-orders. Basic differ ﬁuﬂm&ln mt enamel. Arch Orad Bd, !
ences exist ename] structure in mem- 33934
bers of the subarders. Rat (suborder Myo- T mi 4y [ 1 Melien oo L e
morpha) enamel is structurally erent tal Arch. Oral Blal § 5540
from guoinea plg (sub-order Hystrico- G. and B, Rau 192 La sncwt
morpha) enamel The t ‘auther gt Pemell des m,m(umm"mx e
agrees with Bouyssou et that the term Nmmﬁ' and Dk'n_ m'ut;un_lnuma
rodent enzmel” should be eliml, d. studies of h Jor il
St. Dent, Amsoc,, 39 408421
ACKNOWLEDGMENT M. B. 1939 Elrctron microsceyr 4

served by clectron microwcopy  Am. J. Mt
LITERATURE CITED 25 109-161
Weber D F 1964 A etmpliel ki K
Bwnm.lLA.c)gﬂbanmdlLPm 1967 the preparstion of ground sectioos. L Pt
Commributien  I'rtude optique de ls matrios  Rex, 43 462
fiteillaire de Pemafl dans des dents crobmstios Yseger J A 1938 Wﬂ
comtinoe st & crolsance limitts, Boll Group. and ecctioning of calcificd booe. Gidm
Int Rech Sc. Stam, 5 199-241 33 109739
PLATE 1
EXPLAMATION OF FICURIS
1 cat at 8 43
3 "b'mwmhn,;.wmh

4 A tangential sectlon through the
on trates the berring bone pattern

A longitudmal section throogh
angls to the long ads of the tooth which
transverse and

Double arrow indicates eir

graop of  discent Tods cwt ta T

fnper Layer of enamel which dec
associated with this layer Are™

points to an individual rod which has been cut obliguely (¥ $70)-
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PLATE 2
IXPLAMATION O FICURKS

A HAE stained section

pﬂlm(lmw)olmmd!mdm!hemmmmzlm(ylm)-

pmm(lrrvw)ufunntlu\nnd.bdeuuuthsm!oltbedﬂdﬂr
mg enamel, (x 250)

A longitudinal section cut ot 2 45 mﬂeml.h:hmuhcnbcuuh

demomitrating the Abeoms  ppearance f the kongltudinally cot reds

Arrow (x) in otter layer of ensmel Indicates porsible
between rods. Arrow (y) indieates triangular spaces bekow the var

{ace layer (x 700)
A longitudinal mection cut t 43 ungle to the koog axis of the woth
& the (arrow) of rodw, (X T00)
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PLATE 4
IXFLANATION O FIURES

11 A tangential section Lhrwlhlhltnnrrmmhyero!mnntllndlh
dentin showing the flshnet this Layer in tangeatial
sectson. mmum:gmdcdwu}ccﬂm-hhhm”h
scen if mnﬁmmmmlhbhckum,(xn)

13 A tengendal section through the Inner layer of enamel, The arrow
pdnhmdhvfjnmﬂmhtwvm vertical projections which are fnter
conpected, (X §70)
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FLATE B
TAPLAMATION OF FIGURES

13 A transverso section at a 43 angle to the long axds of the toeth
unxrudsmdmmndmmn‘cé‘hzhemuumdmmd-
Tone

14 A keoghodins] section at sight tngles to the Jang axis of the
‘between rods tn the cater layer of essmel.
v

Indicates
arrow (y) polnts to subyarfsce trianguler space (X 970)
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Electron Microscopic Observations of Neurosecretory
Granules Nerve and Ghal Fibers and Blood

Vessels in the Medhan Eminence

of the Rabat*

Wraces and i spece were genarslly o external tat not the
iwsal layers. The sbeence con-
DeCiTvy tue paces Togeeets that werosecrnory grasdke g0 ot solution before

paces
ceriain undamtified slectmn denes greTubes were seen brmdh the bumcunt

The Importance of neurvendocrine fune 48 Ralph, 59 Stutinsky 58, Rinné °80

fomu &s well flluatrated by the sccuma and Wingroand 1) Electron

e i o )] ip of scopic wpecific emphssls upon

Qmmmmm o i, have sl e e e
as well as by the con-

:’hﬁdm h’nudﬂm (Olscbe 68 Bamry and Cotte 81; Octa

Tgnm end Koba B2 63 Hirano et al

by Wisloeks Ring (36) Wis niquo of Gomari by Bargmann ( 49) the
ki (b 2 Gremm s Tisamis (A7), formation of wory wubstance i
nd (51} MeCommeR (53} and mexve oclls of the supraoptic and pasaeen

- e gl (34 dgnificance trieular nuclel and jte transmisaton to the
h‘r"-‘mo{\dn;mdLUmie pmlrdﬂtrtfl\ﬂuﬂhﬂlbemm:ognl,‘dund
o of elabora upon (Bargmann and Schar

fnctions Tocludmg W camteor of ovula  rer Bl Scharer and Schamrr G4 Le-
0 0y been, revgeered by Harrla (50)  galt, B0 Sloper S8 Green and Maxwell
34 Ditpen (62) and scodied by many 39 and Green 1) Bome aspects of e
uL (Green and Harrds 47 Evesct! W—-;lmbm..?w‘ RS
o, Beacit end Awenmscher 35 59 IR T (O

and fhara, ‘80 Vagwez Lopz ork grast U 1075
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ulrastructure of this part of the neuro-
hypophysis bhave also been described
(Palay ’57; Roth and Luse, '84)
The present work was undertaken to
study further the ultrastructure of neurp-
secretory grapules in the Infundibulum
and to compare the of neuro-
secretory ules in the external layer
ofthemrm:mmmmmthmmthe
tractus hypophyseus, It was also our pur
firers in which
neurvsecretery granules are seen  We
have in additdon studied the relation of

vessel walls and moarphological evi
dence of transport neurosecretory sub-
stapces acrosy the vessel walls.

velps
and blood vessels in the external and

P X. DUFFY AND M MINKFIX

in Epon-812 (Luft, '61) Thick stioes
wrere examined phase microscopy o
stained with toluidine blve for bight et

Subsequent thin wert

internal layers of the medlan b
were ined. The ar of fi
bers in the external and internal layers
of the median

scopic appearances. The perve and gllal
cells of the median eminence are the sub-
Ject of a subsequent communfcation.

METHODS AND PROCEDURES
Thirty<lght adult Igmalcf rabbits wc)ruu
™ lated In separate ca, ar 48 wee!
su; dy lneﬂ.g::iztd with veter-
rary nembutal In three of the rabblts

the neuroh: a
’ mﬁrg}lﬂhyﬂl was approached by

nlum-ba'u:utoxlnlm {Garmorl 41 Barg
mann, 49) 35 rabbits perfuston was
ormed g to the method de-

perf accordin

scribed by Palay et a] ('62) using 8.25
glutaraldebyde adjasted to pH 74 with
phosphate buffer (Babatin! et al. '63)
The braln was removed Including the
separate anterior and posterior pltuftary
stalks which occur in the rabit and the
tuitary gland. Tlssues removed at all
from the hypotbalamic nucle wcgs

tuftary d were t fixed in
g{" omﬂﬁetmﬂdc ered to pH 74
with vernnal scetate (Palade '52) which
contalned 004% caldum chloride The
tssues were then dehydrated through
hanol sob and embedded
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tissue space were sometimes surrounded

camposed of a single layer of endothelium
other vessels had one or two layers of
smooth muscle cells.

Endoplasmic tnvaginations into the Iu
men of some vessels In the fornm of villl
were not uncommont and vaded greatly
in shape and size (fige. 20 21) An
unevtngd.lmﬁuttd electron density was
also observed in many of thess villl. Pino-
cytle vesdcles were geem al both the
external and internal endo surfaces
of same blood vessals,

Portal vessels between the median em
inence and the pars tuberalls (tubero-

dlaphra The vessels were often sur
rmmdecjbymurm and were
situsted within the space on one
side by the b:flemen! membrape of tha

by the basement membrane of
the externa) layer Nerve terminsls some-
tmes abutted directly npon the basement
membrane of the external layer which in
turn was apposed to the basement mem
brane of the portal vessels. The limiting
membrane of some nerve flbers and ter

The
electron dense than the limiting mem
brane of the same flbers elsewhere Across

2 sugg
the limiting membrane of the nerve fiber
but this was always less densc than that
part of the membrane forming the pro-
trusion

Neuroscerctory granules were often col
lected at one end of & nerve terminal
adjacent to the endothellum of a blood

P E. DUFFY AND M. MENEFEE
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DISCUSSION

central core
They are located withln nene
distributed y;;‘

or at the junction miner<t
internal layers of the medlan






come from ted fibers described In
this pa‘rer (Bg 12) which contaln only
small en’a'i'nc::ula The general con
figuration of processes and the pres-
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Villous projections into the lumen of
blood vessels were described by Fawcett
('59) but he felt that they were too few to
be a significant feature of capillary struc
ture Kisch ("57a '57b) spoke of such villl

as tentacles. Villf having variable den
slty were shown In some vessels of
the median eminence (figs. 20 21) but it
i3 not known whether take part in

neurosecretory granules may
be transferred in this form rmust stll be
entertained. It was, however seen omly

resent many other substances. Glycogen,
for example which has been described tn
axons and nerve terminals of the neuro-

some
though they do not appear {dentical tn

The presence of a connective tissoe
space around many blood vessels of the
external layer but not the internal layer is
of interest. Oota and Kobayasht ('62) com-

P E. DUFFY AND Al MENEFIE

mented upan the wide e tixsue
between the parenchymal tssue of
eminence and the capilleries of

the portal vessels but their tissue sampling
- for electran microscopy way at two depths
within the external layer The connective
tssue space around blood vessels of the
external layer is lke that seen around
blood vesstls in many parts of the body
and the absence of such a space in the

internal layer s lke the ar
the other sites of the central pervous sy
temn It is of interest to recall in cammec

space
the external layer that dyes which do pot
pass the “blood brain barrer do readily
traverse In the median eminence
The of spaces between fibers In

presence
the external layer og‘etbern:!edun .
fi 5 6) may [} gnificance an.
gn‘e;‘!.nun consider that the terminals which
lte immediately adjacent to these spaces
may neurosectetory material di
rccdylmu:beuspmfmmnh:n:e:be
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Abbreviations
infundibuler
CT connective tirsue ypace En. el o
external layer wuunulhm'
1t Herring spTacptid
IL. tternal layer supeappicolypophyseal
L, lumen ract
NT perve ternyinal T pare tuberally
PV persventriculsr nuclea tubrrocminential sp3°%
PLATE 1
EXPLAN TION OF FICURK
Tusd of the
Schematic disgram  f the wm pireitary pitny
! sabit, The extemat snd toternsl layers e portal veis, iy
are.
?pﬂ:vhrpoph"ul:'mmm D"““‘" Aed from Handbook

pan roberslh.
of Fhyislogy Section | Neurophysiclogy velume 1)



MIDUN FMINENCE OF THE RABRIT
P L Dufy and M Manefre

EL-external layer
iL-internal layer



roedian eminence
tuberally, the relatively small number of
and a part of the mare cellular internal






and one lerre vein lined by e sighe layer of endothelial cells ta
medls; stabn, X 750,

Toluidine bice






FLATE 4
IXPLAW TION OF FIURE
5 um.thux:;ammmm and

interfibrillary epaces
(mw)vhkhmﬂ"
the external lsyer from the tuberoeminentisl space. X 30,800







FLATE 3
IXTLAMATION OF FICURLS

[ Emm.u. of median eminence. cmtnrlc(‘yollhlw-m"h"
lndmnyinm:ﬂhﬂlnymm X 28400

7 Internal layer of median eminenes t junction with external Liper
Neurosecretory granules seen — small dott In paamy poroons of the
wrrows and elsewhers in the we

thon.  Crtoplasmic
those of external laywr. X 6,000.
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PLATE 68
IXPLANATION OF FIGUAT

8 Inlcrn.-lhy«dmanmﬂn(wﬂi‘ndhm*(
$od emaller part of coe bove. Graimles whthin Herring body difc

from those in
smaller
X 18,400

Darve terminal shown.
maymuuaﬂuwbhm“""



FLATE ¢

NIDUN FMDOFRCE OF TRE RABAIT

1 L Defy and M. Manafee




PLATE 7
IXPLANATION OF FIGUARS

? Hering body with central constriction. Tubales seen st apow.
x 21740

10 Neurescerctory granule of Harisg body Fine verkculae strectmes
within granule. x 45,000,

11 Porthan of Herring body cxtending vertieally across the eld Tabales
are preeent In the center nurounded by larg grancles asd a piyeld
sheuth, A node f Ranvier i seen st Jower portion of the dilsied B
ber > 30,000,



oy 7
N
“

D 2% ool




PLATE 8§
TXFLAN TION OF FICURX

tubules (srrow) and sl

‘bound
sranuler with dense cares. X 27,300,
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PLATE
IXFLANATION OF FICURES

Nave tmminal containing Rrurosecreiory grapoles ( amew
x 16,000

Nerve terminal contalning eynaptic veskcles (arrow) and pewro
secTetary granules with dense cores (crossed arrow) X 33,000,
Nerve terminal; showing p-nnulﬂwﬂhn.rhﬂﬂm

Neurosecretory granules and aynaptic vemcles in ey fermial
Nalldlﬂmhdnnnddmmydmuﬂm > 58,000,

Neurosecretory granoles. X 88,000,
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PLATE ¢
TXPMANATION OT FISUXIR

Nerve terminal containing pevrosccretory granules st wTow
X 16,000

Nerve termina]l contalning syneptic vesicles (arrow) and pear>
secretory granules with dense cores (crossed armow) X 33.000.
Nerva terminaly with vanows tixs

sbawing Detrosrcretory granuba
and denaitiet of central cores and synaptic vexicler. Nou
Derve fber ¢ Jeft contatning one seuroeecretry ganule. X 150
Neurosccretary granules smd lyncpﬁcvendnlnmnkmhl’-
Note differences tn size and density of central core X 56,000
Neurowscrstory granubes. X 88,000,
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PLATE 11
mm’vcﬂrmn
1% Bhodrrnd;famwmmﬂunmhmlmm No
connective

thuo wpace Iy visihle, Sce arrow polnting k bescment
membrane. x 30,000,
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PLATE 11
IXTLANATION OF TIGURES
b No
1 M'mdliuf\o:mnhvmu See arrow pointing (o bascoent
membrane X 30,000,
20 Endoplammic vOluny, X 30,800
21 Endoplasmic vill x. X 52,800,
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The Study of Calcification of Mammahan Cartilage in
Korm and Pathology by Stam Historadiography '

F BOHATTRCHUK

Departwernt of Axstomy Feculty of Medicine Uniwraity of Otlews,

Ottuwa 2, Cansda

hmdmmdnwy—mhh;::

ARSTRACT Tbe combined technigue of

Fom (Bohatirchnk, "57 ) — was used for stuhes of
=m sdventiges of the tachnkqoe are 8. XAy specifcity tn

tlkhmnh.th

of calchm

takes place in 2 certain area of the matrdx
and only in the matrix, pever in the cells

views (Cameron '63) There only a
few dissenters. Shin-Izl Ziba (10)
seen caldum in z

2. By making use
of microrad! hy these |
found that cartllage celly of the above
tumors became partally or completely cal
cifed Suzuld (63 in his recent work men

tzatfon In drocy of the epipt
plate the slider turtle hatirchok (57)
in hy first publicatlon on staln historad

The ek on siita Mwerliegady of cucked
i ool e A
eamal Resmech Comachl of Cambds the

on?



Since 1857 this new technigue (called
stain historadlography ) has been used in
studies of several bone problems (Bohatlr
chuk, 59 '60 ‘63a,b) It s thought to be
of interest to inform about the latest re-
sults obtained with this technique in the
Department of Austomy of the Untverdity
of Ottawa on the calcification of cartilage,

MATERIAL AND METHOD
Stain  historadiography (Bohatirchuk,

latest tmpr

1 The new model of “K- microtome
(Jung. Heldelbergy Germany) used by us
at the present time has an electric motor
which moves the block across & blade of
extra hard steel. This device permits us to
abtain serial sections of natural {undecal-
dffed) calcium-containing tissue 5 microns
and thinner with a smooth surface and of
2 uniform thickness.

2 The staining thionin and pleric
acld (Schmarl ) and the counterstaining by
/acid fuchsin vrere found to be the most
suitable for growing and calcifying cartd
lage in bicplastic sections.

3 Al historadlographs of this work
wrere made with x-rays obtained at tensiony
between 8 and 12 kv These rays have a
wave-length suflk for the v Lizati
of calelum but they are too hard for the
differentiation af soft tissue

Material for this work comprised bones
and cartilage of:

(1) three human foetuses of nges from
about two and ene-half to three and ane
half months;

(2) one

Plg two cats six rals
jts (from new-born to about

from aged persons
ulmd.lm the morgue of the Department

of Anatomy)

whit or greylsh spot 1a the JETEL
gra n.-pfcicnulheu“u‘:‘wdﬁf

eIl it must be determioed "hh fo
calctum belongs to the eell “l
into the cell area from fevelt
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lﬁnchd:mdﬂnmﬂ. The most reliable
conclusion ¢am be made from a historadio-
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images due to a slight displacement
tissues during staining, mounting, ete.
RESULTS

Calcifications of hyaline and fibrocart
lage were the subject of this stu The
moﬂaymlpecumﬂduaf
af two types are to the best knowl
edge of this authar not discussed in the
literature. Therefare a scheme of

stodies. g
to this, three main patterns have to be
distinguished (1) calummar (2) expan-
odve and (3) ublquitous. All three wrere
observed In the caleifying hryaline cartflage
and only the latter — uliquitoos — in
fibrocartilage.

metacarpal and metatarsal bones was
seen ted with calcfum
(figs 1 2) A net of tiny primary trabe-
culae was by a
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or not calcified) Some of these deposits
wrere quite large ke those in the middie

¥ MOUATIECOUK

rounded by proliferating cells. Iy Mz
center subromes of matwre and probfex

part of the dlapbysds. In this cose they
were seen in hi di f several

ing cartilage were seen at peripbery tf e
ding calcifed canflage

graphs of sev
subsequent serial sections.
(b) Postnatal calcification  Stain biso-
radiographs  showed much more
d cob of
cartilage cells during the postnatal (endo-
glexfondnl) bone growth than

con
spicuous in historadiographs within the
subzone of mature cartllage 2s longlu
dinal (sagittal) stripa of @ white colar
They were on the average a few milli
meters long and from several ta 100 « wide,
but were sublect to large vartetions even

6 7) The comparative study of
identical places of historadiograph and
Jned tod t caled

was present not only in
cleus of numerous celfy
membranes (figa. 8 7) The dendty and
distribution of calddum in the above call
clements varied The caleified
were frequently seen in cells lying outside
of the strips (fig 8)
2 Expansite pattern

The expansive pattern was character
tred by the centrifugal epreading of the
calcifylng are2 from a anlage or
a center of ossification locallred approxt
mately {n the middle of the carulaginous
model The mature carntilage ceils were
seen within the arez of this anlage sur

orea
Within bl centers cakified sf
appe’.\x:d&mcll.:: continuing one bie i
other and forming a pet (B 10)
In centers several

don was [
mmﬂdug}?ﬁﬂ o ;_.(5;’:“!
The expansive pattemn was ob<en
m]df;«l_ng flat bones and tn epipar o

3 Ublgetows patier™
In the ublquitous pattem S7CE
large j

arer
depoelts the SbET

beginning

born animals) o the $Y
they alf appeared ;;ytﬁle

tme This pattern fustsbed the BEC 5
of many authort 1hat W70, 1y ing 523
chanes within the enilte S0, " 1

hove to
ublquitous pattern w33



pattern  during
otk Malleols and condyli of tubular

cula. In the dght upper comer of fgure
17 and in the left upper of 18 another type
of the trabecular organization is seem
which is more in agreement with the state-
ment of Weddenreich cited above Here a
stage of a cartlagl t d
its caleth

these trabeculee

Within
nuxerous flattened cartilage cells are seen
of which the distribution and outlines sug
gest the posdbility that they will be the fu
ture The k of car

Y
tlage cells into Intraoaseous lacunas was
observed also in another type of the trabe-
cular argunization described above but ft
was not so typical as in the latter

(@) Ublquitous in the calcifying
cartilage deve in the autologoas bone
X In both

oy (fig 90) The partl or campletely
calcified cartilage cells
seen writhin the entire area of thon
(ﬂ? 21)

d) Ublqui pattern in the calcifying

rib cartilage of an aged person. Calclum
ts were sean in the middle of cart-

ground Some
een in a historadiograph of one section
srere as large as 1mm and one could
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followr themn on the depth of several con-
secutive sections. The
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PLATE 1
SXTLANATION OT FICURES
of this work are mostly siven at magnificationy smaler than those waed it ¢

Flgares

stody This is done in order fo make $t susher for

pumummmmd?:mdmmmph
aof

1 hbumdhuuhdzhemhlmhmmemm 10 cm Jowgs
ﬂthl—phﬂtﬂtnphhﬂ ppmmmmyxu. CalciBed dlrplyses of
tarsal booes;

Mncrw-ﬂmrphsddu bandcllh of figme 1 made wilh
* h . 'mwu udpw.uxa

3 ——lu.lncdrpcdmzn. H.kmmvh.unuh-ucﬁmm
2, Sa
proximal end  f duphyses of metacarpul 4, unh}';n{uﬂ;m e Dere e
deftpitel

subzune of proliferating cartilage
ts. Ia tho subzene of meture calctum deporfts are scen wikis
&ﬂt(uﬁllhmwbhzmuduﬂ:lﬂdthdrxﬂy!muﬂﬂﬂtﬂ“"?"m
arrows) i
‘Adllvkrd!— anhrrun‘lﬁ:ur:lﬂhn;m;:blﬂlxln“‘m
4 et
arrows initisl stage of the a eberuls. ‘va:zmubdhc:uld_
calctied. At other cartilage cells are seen with the ereat












FLATE 3
XXPLANATION O FIGURES

A~ Staned u B — Historadiograph. Mas, two weeks old, mroximal tbds oo
thdl-wp.-pwuﬂmnrly X 180 Colummar pattern. Subaooe of of mitere carsias
! white and between them two kinds of gpacet
efhbcktver—-hnl of calcdumfree cartilage (both m.mmnm.uchn-ﬂ
ﬁbﬁﬂm) and lwhluu:mmla-ﬂm tb-xmn;o{du;‘am lewests | adert
¢ containng cakdum. The configuration end Jocaliza many calchoncotaiot
slonemits les mdoubtzhattbﬂmhnnmdpudynxtmﬂﬂd!“w‘“‘h':
T, lies between several vertieal strips  re probebly sy

cells. Transterse i
calcified cell Note that some of thes linex sre aeen within te cakisd
ground substance, thtymldbdﬂnltﬂlbchllﬂthenthqnbw}dnﬂlhﬂ'

"
claurly
A — Stained specimen, B — Historadlograph. Rabbit, 10 days, proximal tbia epgbries
10 4, approximately x 250 Columnupauern w)mmofmmuﬂﬂan&;ﬂ:
polnt ¢ Hdentical placey w! three parily o completely calelfad mature

on sach side. Noulhah-naﬂonlhr!;h!—lunkﬂdmhﬂ
seen on the of caleified ground substance.

A — Stsined sprcimen, B — Historadiogr phe nn.m-"n mhdlﬂbﬂk‘hf*'
10 ., appeoximately X 250. Colomnar patkern, subzone

»i
fleation 1 not so regular ss In figures 5 and 6 Vaﬂcllnrbamm'
they ln‘qmdyncmn an."nmthcr Hcleﬂ‘r) severa) panily or compleely cakited

cell are scen (At arrows and io other placts

fraest
A B — Historadlograph.  Fabbit, three wrekt et
eptphynis, 10 2, spproxiceately X 400. Colusinar patiern subeooe of matw? ¢
A cartilage cells with the Present o their 1 meo






A — Stained B ~ Hhs Eat, tro weekx bl Hbla et
physds, 10a, prroximately X 180. Colwmpar a ‘udm"ﬂ cartlan
o and them two Linds of gacrs

A~ Stained epecimen B — Historadograph. Rabbdt, the
eptpluis 10x, pproxtmately x 400. Colamnsr pattern hiiprocnfidorpiiigivioe
A proup of three eartflage cells with the caldom present s thelr

braoes (at arrows)






PLATE 4

TXFLANATION OF FICUKLS

I
Amm

aniz boa in

Rat,
becular
oy
of trabeculse Is demser
(he ceritral trabeculss are

the Dot

two wecks, talus (AB) and navicular (A B ) 10a,
X% 80, Expamire pattern. The beginning tra

ccnh-lp-molbothbann. Note that

10 A snd A — Siained specimens, B and By — Js!
{:ﬂpbﬂrylhmlntmw-kbaﬂh
thic]






PLATE 8

IXPLAMATION OF FICUALS

mww
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17 A — Stained B — historadi h cacture b
day B, spproximately x 120 (Ftars are placed within the [mages of

fragments.) Ubiqn Hern.  One can sev i central part of the

Agures the titlal stage of cak: pon. The tarilng trabecolar ergacts

Hutoradiograph of another arcx of the specimen of figure 17 Apprealmstdly
~ 1920, D-gl-urmx teges of  trabectlar organization of  partly cakified csr
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sue fixed in Rossman s fluid was stained
the pedodlc acid-Schiff (PAS)
AddiHonal slides were prepared from
epaxy-embedded material that had been
intended primarily for electron micros
copy Others were made from gelatin-
embedded frozen sectfans that had been
fixed {n 10% buffered formalin and stained
with Sudan black B from thick (40 u)

drogenase as dzmom{:rutcd udng Nitro-

SERCEI PITIRIMOVITCH SOROKIN

Jess extracted than from
in scollidine. Additicnal

General description of the glazdy

The bronchial glands are
distributed throughoat the tracheal
bronchial passages of the opossom (8¢ 4L
Although Individually small, the glinds £
the aggregate present a large surace B
the brouchlal

E

lnmen According to bbs>
cal \em (Bloom and Fawerit

Hue tetr 25 hy
(Nachlas et al. '57) Adenosine triphos-
phatase (ATP) activity at pH 7.2 and 94
mmrn]edbynmodigmdmufthe
Gomorl metal4alt procedure (Padykula

)
(Barka and Anderson, '83) were stud
led by the Gomorl method. Nounspecific
esterase activity was revealed uming o
naphthyl acetate and fast bloe RR (Pearse
‘60) Parotid glands of the pilocarpdns-
stimulated opossum were also studied for
s Aatred and

in
grder to compare

their enzymic activities
\with:hoaodtbcbronchmlglmdt Con
rol reactions were performed for the cyto-
chemical determinations. In the PAS re-
» pttion & control Jacking perfodic acld wax
f’czrﬂedoulnnmateﬂalcmbeddtdt:“fm
tic in sdditlon to a dlastase can on
sections
Electron microscopy was pursued on
materfal fixed in cold 1% osmium tetroxids
and varlously buffered at pH 7.2-74 !1
hark hosth or scallld A

ditdanally some
in 2% glutaral
late and
etal '63) Al spectmens were embedded
in epon thinscctoned stained with har
novsky s Jead plumblte method A (Karnov
sky ‘61) coated with carbon and ex
amined In electron microscopes  NRCA
wmodels EMU 3E 3F ar 3G In general the
hosphate-buffered preparations (Millonis
1) were most satlsfactory There iz some
evidence however that proteins in such
material are slightly more extracted than
from tissues fixed in the presence of some
other buffers (Lufs and Wood 'G5) but

logt
'63) the glands ere_compound achnr
They vsually hate oo o€ w0
three orders of branchir

and sompetimes
trom a matn duet (Ags. 3 7) which vkt

mucous seeretory cells A pari)

eral to the mucous cells e

cells may be clarsified In hate!

cus group of special sezom ety 8

fer in important detalls frm L% o
serous

St
e e eding cels of s 57
and certaln uunr![f:l‘ﬂ‘m;"{(m

glands such c€ o
e aeam (B 5 n c;":'“”""‘”
uvcous celly
oty (8, 10) Allcely €
and crescents are dratned
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that open tnto the lumen of the
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ufthaceﬂntundmndmﬂymcrminm;
with the Hpid dye.
E;

in the opossums
lungs and in that respect easdl
the bronchial y

o &qumy;hndlmdqﬂﬁnﬂmuf
man are ost reactive (Sorokin,
"80) Within the opossums glands this
enrymic reaction of mitochordria #s most
intense n peripheral acini (fig. 9) where
1t 13 largely localtred witiin the hydrotic
cells. There the activity is nearly at the
Ievel present in padetal cells of the stam-
ach (Padykula, ‘52) in cells of cardiac
mu.n:iu. ]d and distal tubules of

(Sternberg et al. 56)
and otber organs having intense oxidative
metabolism.  Sucednic dehydrogenase is
mlymodcntdylcﬁvemtboducu(ﬁg ).
In the glands however

cinie dehydrogenzse In bronchial glands
the enzyme i3 active In the acini (fig. 13)
whereas in parotid glands 1t is mainly in
the striated ducts (fig. 14)

After resctlan for adenosme triphos-
phatases the scinar cells of the opetsum s
bronchial glands attract notice primarily

with ATP and dinitropkenal at pH 7.2 re-
veal the branching system of secretory
capilleries and intercellular canalteull
(g 11) A fainter reaction within the

cells may be attributed to mitochondria
B the licull are formed

prin-

cipally between hydrotic cells (vide {afra)
thnd{ldlocu:o!lhaemynmhunthe
luminal surface of these cells. The basal
surface is less active  Unfixed frozen sec
bated in ATP at pIl 9 4 also re-

8) they

o aire AT uneven {n staintn,
@y gy 2 Fanularity Due to s bass
B P 1o bOth Instde the cell and
e (118 readily dentified tn routine
(L B sections ctained with ol
:u.(l",dln In trozen sections its meta
by B renomced
@h(""”‘”h They contain abundant
=um‘::ﬁ) In ‘micrographs
A1y g CTUTE in Joose s
replppPeTEed form (8ga, 16 17 19)
f:‘.h,ﬁ,(l“ qul}sl)cc:uulnlltﬂeorno 1y

® the bronciia] glends are statned
thmbhck(ﬁgn;;)m:
relrad i R
o

wnmu-fﬂllm:kathobound:x{l:

tions
veal the canalicull At that pli however
additional cytoplasmic ectivity within myo-
ithelial and hydrotic cells obscures the
rity of the surface-membrane localiza
don (g 12) Alkaline phosphatase at
pH 9 4 13 confined to caplllaries that en-
drelo the acinl. Acid pliosphatase at pH &
1s visible In the glands as & cytoplasmic
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!
xactin eqml in tntendty to that seen in the periphery The latter rest on a wide
te bencital epdtheltum,” A few granmules base and ta toward the spex {figy.

8
pdmﬂnhavyhaddepoum;thsy 16) whdle former are wide m top and
uage in size from less than 1 y In digm- narrow at the bottom (fg. 8) In the com-
o1 b woewhat more (fig. 8) Fainter tively rarn pure mucous acin! the cells

exhiblts a retlcular ave wider bases. Alang the ducts, mucous

! Electron microscopy Hydrotic cell
Wﬂnﬂnadnlt]]leaemryq_\h 1 Topography Surface features of the
immmwwh ydrotic cell are represented in a drasrin
B g hydrotic than based on electron micrographs (fig. 3) At
um cels. Foy thiy reason 1t 1 d{fioult the base, the cell is divided 2
hnbabuhmﬁa]ncﬂumthatn compartments
Hﬂhnntaetmmmhue_whucboch ing Between the compart
;‘”ﬂtﬂ!kﬂhwcce.[hm t mennra:hr;htbabaxmmtlam‘lzt‘h(ﬁaln
e scines the mucous ) Most of grooves are filled narrow
®© texapy the center apd the m_m‘mrm" (ca. 800 A) leaficts that ex

Ty

) .'“'?Rmu;,u{ shape of hydratic cells The bottam and eidss of two hydrotio
""?hg,.“""tdhnt-hbdw x‘nndﬂnzﬂ:kdnnmhmrmmhﬂn’:
T e e Erred of Teveating s war The tvo S ety
Eq‘" e B0 mryorpitbellal tall Gther groces are lewy straight On e
- Mw.”'“*him %mmmm&mih?ﬂmmmm
‘*»t:":%um’mam'udmm’maxum Jcroril ocre:
"'-W;uﬂuﬂnmﬁm. Bensath the microvill, the canalicules 1s fecla



318

tend from the overlying cell (Ags. 15 17
18) Others are

At sreas of interdigitation the adjacent

SERGEI PITIRDMOVITCH SOROKIN

lar and often branched (figs. 17 19, %) «
the matrix containg granules. By far Be
greater part of the granular patier in e
cytoplasm 13 glycogen (Bp3. 17 19 20}
Soch granules are larger than ribosoers
and stalo mare beavily with Jezd (ke
B4) The arc pot
numerous to provide appreclible cytopls
mic basophilia. Ammg:nhmh:
tached to membranes of
reticulum which i this cell 8 mad
estly developed (figs. 15 17) The 2pm
ular surfaces.  Muldvesicular bodies &
occurs as tubules and vesicles n the o>
plasm beneath the g, canallealzt
surfaces (figs 15 20 21) The Gdd
agerematiom o

cells are provided with cytopl: leaflets

cull
each cell. These canalicull (figs. 156 16
18 21 22) range from 05 to 1.5 u In
diameter They originate as {ntercellular
channels near the basement membrane
where they are In clots reladon to the
grooves beneath the celly (fig. 18) They
may alsa continue fram short intracellular
canalicull Each intercellular canaliculus
drains two ar three adjacent cells Scveral
af these channels came together to form a
larger channel which leads to the lumen
of the acinus (fig 22) Mcrovilli extend
into the canalicull fram tho cells that form
their walls (figs 15 22) Terminal bar
complexes (Palade and Famqubar 63)
close off the potentlal space betsreen cells
(figy 15 22) and Isolate the canalicull
from the basal grooves
The apex of the hydrotic cell 1s covered
with short microvilll similar to those that
DIne the canolicull The microvili s}
though for the most part straigh: and sim-
ple sometimes arc clubbed and  more
rarely beanched They have a sparse coat
Ing of filaments the antemnulae micro-
villares (Yamada 35 lto GS5)
2 Internal orgamization Wlithin the
hydrote cell the central nucleus contaloy
reed chromatin (8gs 6 15 18) and

and gl The mitockendria are short
tods:wimudmbly developed tntemal
structure  The cristae are sbundant angu

20) or near the nuckeus, e
ally lte fust deep to the aphcal o camile
ular surfaces  Multbvesicalar

)
s 4

21) (2) Numerous diwreee £
\esicles ) bt 400-500 & In dlamceet {7
found in the lumens of the “"bﬂg'h
canaticull (fig 22) Thewe veskles O
,mddzullnﬁlnlulhﬂ‘f 'urd ¥
vealeular bodles (B 20 (mict) 7y
neurenal l)‘"illi"'l'l‘n nn:mbtr award &4

2
cal surface (cf iz 18 90 2 G
T ey were betog secrei
trated  progressively
In the aclnar Jumen they beeor
vealcket X

with the electren ok &
seen near the Gelgt apparatud

lar
(g

In the hydrotic ce!
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OPOSSUM’S BRONCEIAL GLANDS
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dcushnenﬂgucondmedutntbe
mucous cell (fgs. 16, 23) The myofila
ments run in the long axds of the cell
Along the processes they
wise and at the an,

twreen process and body the Slaments
change direction sbruptly (fig. 25) The
or Tles inclnde muoith 1! ]
mthd:nlmherandmmwtdmwnh;s

SERCEI PIITAIMOVITCH BOROKIN

as polnts for fumctlon of adjcent ol
Many microptnocytotie

ing a furry lintng occur at cell surfaces
Non secretory cell of the duct

In the larger ducts of the hronchial
glands the eplthelial layer i3 ane or two
celly thick. The surfzce cell is roughly
cuboddal; the lower cell is elongated The
nucleus occupies much of the cell. In the
cywpln.nnfmnrznndlam‘uvsentm
b the fil ytosh (Bg.
29) The spical surface is xmooth except
far very ferr microvilll. Notably absent 1s

ton

in the epithelium of the striated ducts of
sallvary (Scott and Pease ‘58
Parks '61) whoee cells are considered to
take part in the secretory process (Parks,
®2)

\ Connective Hssue capillaries
- and nerves

Near the acin! of the bronchial glands
the call tssue i}
few large bundles. The acint are held in

(fige. 1G 27) Against the acini the matrix
material appears condensed into a base
ment lamina some 300 A in thickness and
a simflar condersation of material occurs
around capillaries (fig. 27)

The capiflaries closent to the actnl be-
long to the fenestrated type that is charac-
(erhucu!mn( viscera (Fawcett '63) In

dothellal cell ATl (g 27)

DISCUSSTON
Fm.;u%nal organlation Dl:mh-h' [dﬁ
glands y
acinl and smaller ducty Dfnl'b;mm,r

the mmu;;m mnmn:tm‘
Such an
gn:lmdl of the custachlan tabe B

&
:
2
|-}
Y

g
i
g
[
=
S
BEE
Td

S

the

the Golgl apparatus {s conspleously devel
More generally these cells are note

worthy for the demarcatlan of the cyto-

plagm into thick and thin areas The

thicker areas contain organelles and serve

:
L
1%y

H

5
23
i
%

iz
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OPOSSUM'S SRONCHIAL GLANDS
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324 SERCED PITTRIMOVITCH SOROKIN

Scxokin, S F 1000 Histochemicsl events in  — 1084 Diffeances 0 membrase
derelopiog homen

lunge. Acta Anat, 40 105 uration between cmhmn tetrozidedsd ot

1ns. clliary epitheinem. J O3
e 1002 A note ou the histochemistry of Riol, 23 638-584
the cposyn » Iong. Acta Anat., 50- 13-R1 Taibe, L, and P W Brandt I982 As decies
Bternberg, W E. Farber and C. E. Dunlap aricromcopio study of the Malphpkias timin of
pi-k o) localization the grasshopper Dirsestrira curviing. 1 U
smymes I Loculization of diphos- sauct, Ees, 8 2833
P sod van Breswaen, VLo, and C. B Coweoke
diaph indeh Sitrer & t in the ceotral werTom
and the He barrier staded vt

Am. ] Anar, 111 $A7-307 Anwrican fruit bet, Arifbons femakessis
Tertakis J A, 1664  The ultrastrocttys of mon 3 Mocph, M0 180-810
key ccorine swest glands. 2. Zellforsch. mikro-  Yamads, E. 1953 The Ane ctrocrare of the nt
skop Anst, F3-509 badder of the mowme ] Blpkn lode
Toroey ] M T 1883 Fine strocture of the Crtal, 1 445438,
cfilary epitbelium of the rabldt with partico-  Yamamoto, T 1965 Some sbaerrationt
lh:l!n‘mdﬂn':ﬂ‘-wnfmm!&ﬂﬂbl‘ - mpun:m.::ﬂl
wcty apes
17 e41-690. forsch, milreskop. Amit, 83 3110
FLATE
EXPLANATTON OF FICURLE
3 A thick section (40 #) mmmmﬂwmd :;
chisl gland The bronchisl Jomen b the sdventict
Puchardson » sffver method. 80 X
4 A low-power view of 2e with ""W”;‘ﬂ“‘“,u,
The acini sre shown in blark. Buccink dehydrogeasse,

utrazclinm, pil 7.8 10 min tes 8t 3T°C. I X

A
5 A cinater of actni and mucous docts 20 minutes frey adwled
statalng
of pllocarpine Crcagen f hfnlfxum(bepcb\).mﬂl\"‘
e due t moeus B acinar and doct cells, PAS o epea sectien. o0
boar 250 x

(dll)rrvm(hti ttern of the duct three orders of
be dedwced boe 300 X






a pal In the cytopla

te, pH 5, one hour at 37°C. 1100X
Baccinke dehydrogrnsse in the bronchlal gland. Thw acinl are
¢ ctive then the ducts, Nlu—wbhxmnmﬂnmpﬂ‘l.ﬂ,mmﬂ

Stafning with Suden black reveals the boundsries of the wrocous celf

Sumnxudmnarmmmmdmm 280 x

Ads b apHI2 b clall l:ﬂ'vnl.hb-:bd

mdlcﬂdd-dnurfﬂt The teaction demomtratey the branchist

sYstem and ik Adencuine

n-lpbntphuu,onnzauuirc. B0G
triphosphatase ar pli 94 Is more diffuarly seactive in ot

Adyposine
Lexmn of scinar cells than at pH 7.3 The processes from  my*
€Fi| cell are sbown Adenosine Uiphosphate 30 minwtes st

Nowrepecific esi hmthmndshmvnmhnﬂ
thap o docts. a—n:phhﬂwum.dxmhumumm

In the parotd gland, esterise fa more mractive I oird ted dochs Bad
in sctnl  -asphihyl scetate six minntes at 20°C. 400X
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PLATE 3
TXFLANATION OF FHURT

nd internal are shown. Mitochondri and glycogem are
widel: t the cytoplrmm, as are mul
resldual (bisck) bodles. The gramular end nﬂtuhlll:’dﬁ:

1 Galgd
octur ncas the luminal surfsce (top of fgure) The
cell processes ary obliquely sectionrd. They reit on the basemuent
lemina. I them, orgenelles mycflements  d, basally seese Pioe
cytotic exiclen can be yeen. 17700 ¥
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PLATE 4
EXFLANATION Of FIOURTS

P-.—u !-cmﬂhydrodcceﬂ:nndlhehodyo!lmrwﬂlbdlﬂﬂu
in this section of an acimue. It permits An etended
c--bculm.vhk_hl ﬂ.l]cdwﬂ.hmicmvﬂli. On-ouh
hydmtkceﬂ hes swollen mitochondria and e
News ita base i md!;lurr-wﬂhlbcm"ﬁ‘b“”-‘!“n(""’")‘
x
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PLATE 5
EXPLANATION OF FIOURLS

Theso figures present morphalogical evidence of secretton by hpdratic
erlls. They flostrats intercellolar analicoll and sobjacent cysoplamn.

19 From this bydrotic cell a cavitation of the suxface membrane opens
ints an in canaliculus, The humen contain  thioly dis

tereelfular
perved flocculent material. 37600 X
20 Detall of & cell fMustrated in Agure 18 showing

interpreted

cell  granular reticutum. 30,000 X

A grazing section of & canalicglus pear its function with the acinss
lumen (right) Some of th microvilll that border the canalicates
are blebbed. The amall (400-500 A) vesieles (cf #r ~0) are prosest
in the subjacent cytopl em microsilli (3) dlnlhth:'fll';
(4) The tight J nctions and an underiying desmorome (lowet

re prominemt 23 600 X
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n:[l(hdcw) 40,000 <
Bene th tbe body of & myoepitbelial cell (opper nght) petranal proc
nmuulncnmpkuymlopedlzmkh-mnﬂ.huwmd
verlcles ye lectron-permestble 21
Mﬂd-mwmunu-:mmuumummurm
emes. The in peversl directions. P tehes of chectron
mmm(rﬂdwcurmm.mwlm(mpmm) 17700

Two swollen nxbondm{mnm.mahm«btmbedud
angled cTisiae  The matrix contalms mmall granules. 76,700 X.






PLATE 7
IXTLAN THON OF FIOTAES
A caplllary betwesn two aciol of the bronchlal glands. Fenestratien
m ‘Thar baserment
lamina of the endothelial cell lpuutalnmllbn

pereyte  $audl
nerve proceseey (Jower right) occur In the connective thsne 13300 X
A muocon ctﬂfmlmalld‘mo{l.hh\mchmmnd- Toward the
base it touchen yorpithellal cell body Mocus appewrs & gnay

mll(ﬂdbllhtlnmtnaf!hdm 6,860 x

An cpitbellal cell fram s ponsecretery duct. Ity cyfoplann centaind
few organclles. 10100 ¥






PLATE 7
KIPLANATION OF FICURLS

27 Aﬂﬂﬂlﬂyhﬁmﬂolﬂnﬁdhmwﬂm}.ﬂmwl
M-mmwmmm(m) The basement
l.uu.tna the endothellal cell splits to iamest
nmm(hmruh)mlnﬁammmlwx
28 A mucous eall from s small duct of the bronchlal gland. Toward the

bese it tooches & myoepitbelal cell body Mucu  ppetrs as & g7
materisl tn lhlmnd:hndnrccm
L from  nen-sccretary doct Its cytoplanm costaing

An epithells] cell
fowr arganelles. 10,100 X
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342 GUAMIXT X. DIALIWAL AND M A N PEASAD

HTPOPHYIEAL
aert S MTERETH
zome

© somDOTROMHE

o amomas

4 THYAGTROPYRS
_Flg. 1 Ie:ﬂhn}mmycthtchol .:ﬁmdth:)iuﬂmdmdw&mhﬂ

Tholhymuﬁlmmaﬂynlm:ddlrk phate buffer at pH 7.5.

AF but not conststently These nd.daphﬂlau:umf:::d

cells can be distinguished from gonado- ar mare cells (Ags. 7 and B) malaly

the use of PFAAB/PAS/0G fol- in the medullary
are

(s
BBFdoART
g §
g é g
i

3
.
i
Eh §
il
“@EEE §
i
: ER
%%%%%a;

g gonedotropha in the
tuitary 18 not possible by PAS/

;!
ia
:
Fake

nthe

1 Blus stoining  Methyl bloe stains  The amount of cytoplam

all P, tive cells purple but after dif uummmm$W

ferentiation and dehydration, the original “‘”’m‘“”"m'k'my,mm W‘f““m‘d.db

magenta or pink color is restored. How- lactatin females, mwnﬂ

ever the two gonadotroph types are dis-  phil is prominent of thes

tinguizhed the coarsely p-nmiblﬂiﬂz‘ﬁ“ﬂm

duhﬂltyzmcd 25% TCA fi idali ot ?l"tu:r‘(‘:rwmaﬂ:':lmmdl’ﬂs/oc‘w
. o a4 b e are aiso present in the P
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tensely with PAS and show bt
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crease in pumber of carminophil cells.
These cells are ominant in the pitul-

glands of females in late
mmmmmnmﬁ?m’mg
lactation. They are

tple stain. served in the pars anterior the increase in

ey are indis- cell mrmber appexrs to be doe
asboth are granulation of
purple cells are degranulated ecidophils.

and contain
Galgl HISTOCHEATCAL OBSERYATIONS

represented in varfous cal reactians

lated in tabde 1 ahow the presence of muco

or gh in the b hil cella. The
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m-teﬁnllh’uceﬂllmlelccuvdynamcd
bright blue by the “bromphenol
blue reaction (fig. 7) Thou the specific
ity of method a test
far has been by Baker
('58) {ts selective staining of the actdo
fovery clear " el o oy, Sulee]
s very on to proteins, traces

Pt 5
are pids (fig. 8
are removed gﬁ;{dhﬁc ks )'r}uﬂ;uh
of RNAase are
present.

Pars tatermedia

The cclls of the pars tntermedla ar
mnnrdlnamlllyrn are uniformly oval
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and are ariented with thetr long axes per
dicular to the b Py

With MTS and PAS/OG anly @ part of the
cell populatian is stained with aniline hlus

GURMEET K. DHALIWAL AND Af

B N PRATAD

Campbell and Finerty (61) using PAS/
methyl blue described FSH cells as purple
stalning apd LH

gonsdotropls
secreting cells and that the PASted,
ripherally located are the
cells. Such tinctorial differentiation of the

gona wras oot obtained in the pito-
ug_mzhum

It 1s seen in the vicinlty of the pucleus
placed peperally towvards its anterfor pole.

DISCUBSSION

types of basophils are
owing MTS PAS AF and
PFAAB/PAS/0OG techniques Intbc:l;l.nltrd

ik m:bcpind;rydmdd
the are presumed to
farlbaulnba-ndmofs'ﬂ'lb;-ﬂd'-hﬂm

i

the
son and Friedgood, 38) dog (Hartmam,
Feln and Walfe, 46 nndemﬂ:gm"

monkey (Devrxcz,
(Herlant )'zsa))m'iI wallaby fuoﬂn(g
Griesbach, '58) Homever
derus %md'.hnrlt (Sanders and Rex

rel round or ovald
darkly stained cells the gon, oc
Te-
glons of the pars anteror These are PAS-
posdtive and AF-negative The thyrotrophs
which are locolized tn the di

zone of the pars anterfor are large
rounded or polybedral and fnely grany-
lated. resemblo

g

the Ted in the

anterar aof rat by the use of

PAS/methyl blue. oy
*57) and Hellbaum, M

nels B6) secretian fs assigned
to the orangwophils .;de}j:m

of Farquhar and Bioe-
hart ('54) on the rat and those cf Bt

i
i
i
Mt

I
i
B
EZ%
3t
ik
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Purves, H. D. 1081 Marpbology of the hypo-
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phryils related to its foncton. In Sex nd
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& Wilkins, Baltimare, Vol. I, pp. 161-238.
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PLATE 1

IXPLANATION OF FRUALY
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FPLATE 2
IXFLANATION OF Frouxad
mlmlﬂadunawaﬁmulﬂm7:howin.un-cdn-
phily X 1,590,

wwdhmmmdbmmdlmm
squirrel abowing the eilvez impreguated Galp rones.

g mgrtux’ofldduphﬂ;hzh-hmhhmd-m ek
dazk matersal
IoDe represents the um“du

gonadotroph and the fnmer gray sone represents
area of the cell. PAS/0G x 1,680

Lateral half of the pery amtsrice of  fumale petm syutrrel fu Late
rgnancy show incresse in mumber and
grwoulation, PAS/0G x 1430,

Lateral half of the pars antepor of & lactating female paln squir
rel howing the degrarmlating gonadotrophs, The aray cells i
spaces the scidophis  PASFOG

x 1,210
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FLATE 2
EXPLANATION OF FICURLY
Higher magnification of  partion of figurs 7 showing the scxdo-
pluls 1520,
thrllhnllolﬂupanlmrhrddnrlnnmyd’lmahpdm
quirrel showing the silver fmpregnated Golpn

zones. X 800
The “cupping” of ackdophil by the basophils in the para ateror.
The outer dark rone represmpy the PASpoative materiel of the

gensdotroph and the inner gray
Sres of the cell, PAS/OC x 1880
umdwdmmuuuud.fmmwmdhm
show Increass In mumber aod
Traalation Pu/ocn.no
Lateral balf of ¢he pars enteriar of hcutw.lmz.l:pdmlqﬂﬁ’
dotrophs y cells In

rel showing the degranulsting gona
dtmm-iuuniddmc-rmurladop PAS/OG



Hects of Gonadectomy Androgen Admimstration and
Thyroldectomy on the Cytology of the Pitmtcry

Gland of the Five-striped Palm Squarrel

Funambulus pennant: (Wroughton)

GURMFET K. DHALIWAL awp M. B. N. FRARAD
of duction Wing D of Zoslogy
Undversity of Delld, Delhi7 :m

whhmd&-mwdhmm
prunanti (W ) & androgen

ara
the balves of the pars anterier. Te e
Lweek cartrate produces 5o murkad changes fn the grsnule costent of the gunado-

caumes of calle Jocatsd in the sntero-

Belan rome af the mhwlnﬂllmhpu\illhmh

un&mhu‘E:ﬂ.mmdmmL Acidophils sre parthally de
E) ot

Cytidogical gtad armed a mid-ventral incision. Ex
y of the pitultary gland  f l::lm“ﬂl e A wrere

d 1n the Laboratary on &

{

BDE, 1nd the g al te dxys for a period of
occuy mainly fn  equirrels on altemnal
-}':‘Wﬂﬂnymmufmmh.{v-u 21 days, begunining ane week after gonad
o ey deals with changes tn  ectamy = Another set of six xnimes wad
el typeg gonzdectomy and  injected with the gume dose of tesiosieriie
Wd and goltro-  prop for 45 days 12 weeks

Somponds, after gemadectomy

For chemical thyroidectomy -
MATIRAL AND METHODS were fed an_agueous ot 5%
four sexually mature Wmmm—mu 2 cm day for 24



354 GURMEXT K DHALTWAL AND AL R. N PRASAD
tary giands were cut at 8 ¢ and siained in two days following genadectomry (tables {
petiodic acld-Schiff/orange G (PAS/0G) and 2) Theincmmhmcnlmguemh
suin.’_ females than in males since the mumber !
D counts of basophil of gonadotrophs in mtact females s lew ¢
phils and were made in  than in mafex mceﬂxmmuﬂmc
every tenth section of the pituitary gland  ulated and deeply stajned with PAS (g
with the aid of an eye plece 1 and 5) Some cells show accummlatin
from ten Seldy reg appr of granules, mainly tosrards the periphery
all the different areas of the section. The The Golgi zone, visible in some cells, pre-
number and sire of Selds chosen for counts  sents po striking change By one week
were comparable for all the pltultary ofter gonsdectomy the number of gonado- o
About 5000 cells wwere trophs reaches the maximum eed §s mafn- )
from each gland. Basophil counts fucloded  tained at this level up to four weeks post
bothgunadatmphlmdthymmﬁleunndthe operatively  Subsequently the geperal
dopt ts included z intensity and of gran-
phils and ulation decreases (fig. 2) A few gmaf,
and fntemsely PAS posithe manes
OBSERVATIONS are also in %emud]e mﬁ
Intersinuscidal spaces.
1 Changes in the gonadotrophs mmmmfanmhd:m&
following gonadectomy ectomy and contimes untfl the
Tbe gonadotrophs show tn  of the experiment at the end of 48 weela
number as well as gramulation as early as  Degrannlation of gonsdotrophs Is mare 1
TARLE 1
Cell counts from the a Wrior pitattery gland of tutect and gonedectombrd
wale palm squirrels
mw Paspiils Actiophils Chroontpbstes
Intect control (3 =99 =71 2Ly
:dmmu)d( ) ;ﬁ =04 1324249 3;3
J 4 dxys (2) 1571 *48 NN=74 as+in
1 week () 1005 =34 11°8=78 Paciisy
4 wreks (2) 1518 =43 1284 G
12 weeks (2) 1323 24 =20 e
18 woeks (2) 1188 £0 1188111 e
29 weska(3) 1008 =74 1368
40 wreks (1) w3 —

8 parenithescs TrTesrmt the Dxmber of axtwaly iu ¢wck Ereop.

#rree of Ohe aptan.

Cell cownty from the antimor

TARLE #
Glomds of whect and gonsdertemtsrd

T T e
Andeptab T
oy e

Teried aiter p

— = 40
Intect contral (3) a8 x4z a6l Smei
2days (2) 1257 104 1280 e
o 187 151 11872121 hew
1 week (4) 1100 =73 1391 =110 )
4 wreks (3) 1258 =101 1032:= un=1
12 maeky (2) 1013 =40 1om=e 29082
18 weaks (2) 938 =18 vl ny=a
22 weaks (3) 97 =97 104728 EiC]
15 weeia (1) i

ta parratbesvs TriTreat che Sualer of axisly tx sech FrowP

orron of O e
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eidree tn the posterolateral halves of
O anterior than in
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ahly represent the lightly stained basophils
uf!hewc;mtncm group (table 3
group Lightly PAS poaitive basophfls
are absent. Incrminp‘:;lo of
staining maey possfbly be due either to an
increase tn the rate of hormone
and/or to the storage of the hormane The
gonadotrophs which cannot be differen-
tiated tnctarially into FSH and LH secre
cells represent a mixed thon of
scattered in the Lateral of the
pars anterlor with greater concentration
posteriarly

4 Eﬂmgtmw%aw
on tary
i A

treated with

After administration of
PTU for 16 days marked
obtermdlnTSf';wecmd.ng Same cells
show degranulation while othrers are
campletely depleted of PAS-positive gran-
ules A few intensely statned thyrotrophs
are also present. In same cases small col-
in the antero-

|

F
3
2,

B

structure
able with PAS (fig 8) Darkly stained
hs, seen in treated with

(el
(IR
f e
fiAHe

é"id’
s

th
PTU for 15 days are The ganado-
trophs appear slightly shrunken with the
granules clumped together Ad:ﬂmﬂ'
slso shaw degranulation an
a tn nomber These
mfﬂ]wndmmrptucmhmdn
and females
DISCUSKION

Wmnmmﬂpn'nuhdm:.f
Hates
(42)

observed in the present study
the findings of Walfe and Brown
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l;;Ducﬂ.u(‘33)xwtil:edIJ:lcren.m].nthel:u.\m-
of a after gonadectomy Far
T:Lhar lmm ('54) obzerved that

~SAFFETIRRAY
HEL
i
i

!

i

£
:
¢

to

on bicassay is eted.

Nelson and Gallagher ('35) Wolfe and
Hamtlton ("37) Cutuly and Curly ('38)
La and (42) Heller Segal-
off and Nelson ( 43) Hellbaum and
(43) Paesd, de Ji and Willemse (38

bl m;:lrtrd partial redoctien
Finerty ('81 .

the potency of the plnud-

tary glands after

il
il
E

3

g

SH
: gs
55

dbya 1 of
L!-LS!mﬂuKecr!ueén!he
content z» {ndicated the degranulation
oft.bagmad.om:phso}lhunndnd i3

was observed in the Lol
study Testosterome was
Istered to two groups of squbrrels — one
group for one week and
the other for 12 wreks. Chanpes in the

.



types
In squirrel pitujtary (Dhaliwal and Prasad
‘65) The 1 that the d d
cells represent LH secreting
and that the hegvil mnulam
. l!im FsH gcmﬂdotmp.g. s based on extrapo-
tion e

t
experiments may reveal the func
Hanal tdentity if any ufr.hetwotypauf
otrophs
Extengive degranulation of the thyro-
gl-%hlwuevidmtmlquluehmamdwkh
for 15 days A pink
apparatus was t!nlumauf'.hcde
granulating m few PASpositive
thyrotrophs 1

+
In part,
by & grant fram the Fard Foundatin.

LITERATURE CITED
Burrows, H. Biclogical

+
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1940
Hocmcoes, td e, Unimershty

g coarse gra

rere also seen. Afteraodmcftrntmem
dunmmplmnndthctm]y

were o few
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PLATE 1
IXPLANATION OF FIGUMXS

Parou rmkmmmmmm Cotrse and
;z(-my cacules s seen in the goasdetrophs  PAS/OG

Pmlmh-quﬁ:n!,!m mounths efter goaadectomy  Golyl sove i
Lypertrophied and degranulated calls, like the cue fn (be
Md&h&hhmﬂy?‘%m Pas/o0

hrun Tﬁm:mmmm
lateral zone Pasw antarior ¢howing occasiomal gonadotropbs
writh darkl nmmmuhmrumxlm

Rarna as

sbore, Wmdmmmmb
abstace  f PASpouitive watrrial tn the gansdotrophs PAS/OG
X L0
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PLATE 2
EXPLANATION QF FICORLS

Marors mele squbrel mﬂwﬁlnﬂﬂmﬂtﬁﬂmy
show course darkly stained grsmmles and promioent Gold roocs
PAS/OG x 1,980,
Mature male ten months after gonadectumy Gmw
with b Golgl rons and coarse
lh-c-mﬁmctﬂllnthtnx.mnm. l’A.&/O(l)(I»"?‘1
Male squirre] .umdmmhu:dlnmmkmd-dmmhmtdm
terome for 21 days. FSH-ecreting o
ulnltd sirined with FAS (whlm arrom) Lﬂmﬂﬂl

the degranalated calls (blsck axrows)
ru/ocxuso.
Female squitrel, adminutered propyltinouracl]
a7t degranulated. PASpoutirs Golgy eme b swen o
PAR/OG % 130

for ans month. Thyro-
fow
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Morphologic Heterogeneity of Mouse Paneth Cell

Gronules before and after
Secretory Stimulation

MARY W STALEY axo JEARY B TRIER

Hospitel

vlogy Revearch L Vewruns A
and Department of Medictne University of Wisconsin Aedical
Wisconsin

Madioen,

Schosl,

EHT
i
i
:

{

e

:

JOR R
il
1
T
Fuks

using the electron microscope, also noted
vacooles or haloe surrounding mouse
Paneth cell granules but nterpreted these
as probable srtifects of fixation

Random breed adult white mice were
used in thit study Antmals were studied
under the following conditions six fasted
for 24 hours, three fasted far 48 hours,
six fasted for 72 hours nine fed a standard

nitrate in isotenie saline (0.3 mg of plocar
pine nitrate) and 15 ln)cczg intrapert
toneally with 075 cm of the same pllo-
RN S TR T
Dr-:ﬁ“w Cramt University of
L P AT
swurcys, Rathwond s, Maryiand Ll
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carpine solution (075 mg of pflocarpine
nitrate) Animals recelving pllocarpine
bad been fasted for 24 bours and were
sacrificed five minutes to three hours after
pllocarpine injectlon  Four rats were also
studied two had been fasted for 24 bours
and two were fed All animale were al
lowed water ad Uib

Animals were sacrificed by cervical dis
Jocation and approxmately 0.5 em of
chilled um fixative (Dalton
'85) ar glutaraldehyde fixative (Sabatin{
et al '683) was instilled with minimal pres-
sure into the lumen of the third portion of
the duodenum A portian of the proximal
jejumum approximately 8 by 8 mm was
Immediately removed and placed Into
chilled fixative for four minutes. The ts
sue was then cut into slices approxtmately
1 mm wide and 3 to 4 mm In length on
dental wax under a drop of fixative and
returned to the flxative bottle. After fixa
tion for 1 to 2 hours the camium fixed tis-
sue waos placed In 10% neutral buffered
formol for cne-half to ene hour rapidly
dehydrated in increasing concentrations
of ethyl alcohol and embedded in epoxy
resin (Luft, '61) Tissue vas left in glu
taraldebyde for two hours washed in buff
ered 0.2 molar sucrose solutian far four

; shours (Sabatinf et al. '83) and then de-
The

hydrated and embedded as above.
embedded tissue slices vrere cut out of the
epoxy block, caretully oriented and
mounted with epoxy cement on a shart
aluminum rod machined to St the micro-
tome chuck. Sectons of the whaole specl
men were then cut approximately 2 u thick
el to the plane of the villi with
These were mounted on glass slides
and stained with toluidine bloe (Trump et
al 'el)orhyzthedodlcmdScLﬂ

blus (McAanus snd Mosry ‘60) PAS

(Pearse '60) and alc%xn blue-PAS (Mc
d Mowry 60

Manus an emelve

from representative groups was se-

Jected for electron microscoplc studtes

MARY W STALEY AND JERRY &. TRIER

‘Two animals had been fasted for 24 howr,
one fasted for 48 hours two fasted for 72
bours four had been fed ard three had
been treated with 0.75 my plocarpine o
trate and sacrificed at 10 20 and 30 noin

el and thin sectl
thick ons.
cut with diamond knives on an LEB miaw
tome mounted oo carbon coated COPRET
mesh mdmtnedwthlnddﬂ
(Milloulg, 61} befare examinaron
an RCA EMU 3G electron microscepe.

REFULTS
Light microecory

the
In mice Papeth cells form, tn pact.
base of the crypts and are sdentifed

E
5
I3
;
it
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tained morphalogieally dilferent types of
granules ‘The morphology of the granules
was not particularly related to thelr loca
tion In cell cytoplaxm and all four types
of granules wwere seen in the supranuclear
as well as in the apjcal reglons of the cells
Granules which were morphologically ke-
terogeneous were not always completely en-
clased by a halo {nstead, paler or darker
melping material was occasionadly eccen
tﬂmllldlspoaed towards one side of the
gran (fig 1c) AN es observed
could not be readlly ¢l into our
arbitrary four groups instesd granules
lmamsd;éatz in sructure between groups

were seen
When adjacent 1 u epoxy embedded sec
tions were stained one with toluidine blue

the other with PAS it was found that il
hales present in the toluidive blne stajned
preparations stalned more iptensely with
PAS than did the central core of the gran-
Thus even those granules which

bad very pale halos after toluidine blue
staining were characterired by an -
tensely PAS positive halo This PAS post
tive halo was resistant to disstase diges-
ton Unfortunately we were contlstently
urnable to stain epaxy tssue
\ with alefan blue. Glutaraldehyde-fixed ts-
sue embedded in epoxy rexin showed the
dame staining reactions as did the epoxy
"/embedded csmium fixed tssus Pareffin
sections stained with alclan blue conss-
tently showed staining of the hales with
littde or no staining of the central core of
the granules. Paraffin sections stained
with both alctan blye and PAS consistendy
revealed o magentz central core sur
rounded by a dark purpls halo snggesting
affinity of the central cors for y PAS
and of the halo for both staining reactions.
Although there was much varietion from
2nimax) to antmal, we foumd that ules
characterized by a narrow halo moder
ate affinity for toluldine blus wers most
shundant in the Papeth cells of fasting

MARY T STALXY AND JERRY § TRIER

rial with remth
ing those of the Paneth cell e
many of the Paneth pused

i
o
L
Pk
iy
1 E%%;'E 3
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plied to the cuter Imits of the halo thus
the halo is truly part af the granule. When
2 halo is present, a distinct interface but

no membrane the tn-

Der surface of the halo fram the central
core of the granule (figs. 3 5§ 6 7 and
8) Material of electron density similar to
that of the halos of nearby Paneth cell

les may Ty be disposed In
an eccentric fashion in & Paneth cell gran-
uls and thus may not completely enctrcle
the material of density similar to that of

halos are the rule in those Paneth cell
ules which are heterogeneous In
ﬁmm

that the types of gramules noted
can readily be identified
microscope  The granules

electron
morphalogically bonnﬂ;;l‘ﬂ'
t microscopy alto have no o
microscopic examination. The

4 and 7) and

probably represent Hally's ("58) moder
ately osmiophilic halos. These halos are

are camposed of stmilar material which
is even more closcly packed but tn addl-
uanx.bcmu:]cweuﬁ.betemlc-lp-
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pears leas electron dense hence the halo
appears even darker in relation to the
central core (fig. 7 and 8)

Durlng secretfon of the Paneth cell gran-
ules the fine brane 1 the

MARY W STALKY AND JEMRY § TRIFR

has been bistochemically demoustrated

Enmﬂeuppeanmfunwithmdbccumo
carporated into the apical portion of the
cell membrane thus allowing extrusfon of
the contents of the granule without loss of
ather cytoplarmic materials from the cell
(figs 3 4 and 8) This apparent fusion of
the membrane surrounding the secretory
granule with the plasma membrane re-
sults in finger lile extenslons of crypt Iu
men indenting the aplcal cytoplasm of ac
Hvely secreting Paneth cells (fig. 3 4 and
9) Microvilli are less abundant on the
apical surface of these actively secreting
cells, Material of electran density similar
to that of the central core of the Paneth
cell gronules was regularly seen in the
crypt lumina where cells were actively
secreting (figs. 3 4 and 9)
Occasionally membrancus  elements
were apparent in the central dense core
of Paneth cell granules (figs. 9 and 10)
Although the general organizadon of these
membranes bore some resemblance to the
membranes of Galgl cysternae and veslcles
granules containing these membranes were
)uotcouﬁnedtothacolgireﬂon but vwere
, occasimally seen near the apical surface
of the cell
The density of the homogeneously gran
ular matenal formtng the Peneth cell gran
ules in the rat jejunum showed some vard
atan from granule to granule (fig 11)
but none of the contained @ halo
Similarly Paneth csll granules from hu
man biopsies fram normal volunteers con
tained no hale (fig 12)
DISCUSSION
The light and electron micrescopic ob-
servations and the histochemical results
of this study support previous reports
(Leblond, 50 Hally '38 Selzmon and
Licbelt, '61 62z, b) that most mouse
Paneth cell granules are structurally hetero-
geneoun. The regular observanon of haios
and their ¢milar stuning reactions afier
both osmium and aldehyde fixenon clearly

indicates that the halo ix not an art
fact of fixatlom but s an integral part
of many mouss Pansth cell granules. It

Pearse, '60)

(Thad of the diflerent mor
o] c of hales observed in mose
Paneth cells with the Hght and eectron

ton be!

the individual Eﬂu;'um Granes ﬁ
types of didm“ﬁ'i

regularit; tumyparﬂ:ﬂhi‘

the . 1 instead, Papeth

cells most frequently con The
of n ;1}1_1,!‘6 mulﬂgphd@c?

larity of granule structars
and actively secreting Paneth cells
ther evidence that the age of tbe
does not seem to be & majoz fackr

(5

is

t
o pppesrince of the goaniles Lt 3
o Gince the buman diet I8 WY
o, that of lsborator]. B
this might explain the dllerre, B
eth gronule SUBCOTE Pp eth celi o



MOUSE PANETH CELL GRANULES an

membrane thus releaxing the graphic studies of Paneth cells ui

mmmm&mlm nd}oacdreprccmmufﬂ:egmnu]dim:rlg

of secretion in which madedbefmtbep:mmyufmnuln:yn-
ascertatned,

granule and no thesls can be

tubstancey are lost fram It seems unhkely thet the role of the

of merocrine se- Paneth cell granules in the functions of the

hes been described n mmall intestine will be clarifed untll cell
structure including  fractionstion techniques permit hsoladen

k2

alade et gl. '81) of Lati fra 1c
st 1 1e] ve]ypmammnule cton for

morphologic evl-  fatlon of Paneth cells In different mam
malian spectes.

in Paneth
food i3 withheld. It should LITERATURE CITED
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MOCIL PANITH CFLL CRANULYS
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MLATE 8

IXFLAN TION OF FIOURE
7 Portions of four Paneth cells (P) from oo aypt from  fasting
) encowntered

mouse {lnatrating the varistion m granuls fine stroctore
n pelahboring calle of tho wme eyt The oo celle 1n the devee
micrograph 4

hal? of the contain pecrTetary

Wmﬁ:mmhmm%rdﬂ'm“‘"
whils the cells in the partion it

ulnmnnh:-ilhpdncmuﬁt-iummddb!
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moose. Aelatively dark

halos surroand pale secretory entrio
D¥aous mu.lu(nmdammh an
ko SE) wre seen T Golgl mateetal (xarows). Lo exypt e,

N

Higher magnification of & portion of ooe of the grenmles with
dark halor A dislnct membrane (ivows) encloes e greme b
1s present at the interfaco of halo (H) and

no membrane
core (C) of gramula. % 48500

g






futing secretory material (5) Ja scwn In
the crypt lmmen. Two shared
branous éements resembiing Galp matetal (evms) X 22,000
10 Higber (rrrows) within the

cantral core of anhcrﬂmnubhmﬂnmm x 37.000.
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PLATE 6
IXFLINATION OF FICURLS

E‘
Ea

m-cmcmnuy soaller than
end buman Paneth calls. L, crypt lumom. X 33,000,
13 Apdcal portion of  Pareth cell from fﬂdnlnmndm

that all granules (G) winlo larger then those of rat
are stroctunally homoremcous. L, crypt homen. X 22,000,

11 Apical half of Paneth call from u fasting rat, Nots that
(G) bomogencoms and
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Antigen (Ferntin) and Antibody Distnbution m the
Bat Lymph Node aiter Primary and Secondary
Besponses and after Prolonged Shmulation '
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watwr, o after hyp

Department
Pliledelphia

BEVKI MUTLU aixp FRANK A. PEPE

KAMILE
of Awatomy Sckool of Medcine Uniwereity of Fennspiiania
Peansploania

rdeToecopy it was observed that ferritin antigsn wes

electron
vexicles by
tare or matmse plesma

the reticoler cells. No
colls

Cmcplex vesicles contatning ferriitn wern visihle, mare ferritin wis Jound fres in the
cTopleon and larger oumber of Agzres
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of activated fixed calls which
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micros-
copy (Granick, '51; Easty and Mercer 58)
we can hope to follow its distribution at

least up to the point where ft may be
broken down into su ts
In the work bere a

investigation been made of the dis-




asg

Plexms

McMaster '81) Evidence will be pre-
sented for the differentiation of fixed ref
cular cells Into ectivated fixed retcular
cells as a result of hyperstimulation with
antigen Partially activated fixed reticular
colls heve been described brief]

hard and Granboulan, ‘60 Wellenselk and
Coons 64) It will bo shown that under

mglnmn while stlll retaining recog
fe antigen  The hyperstimulated tis-
suc was al1o compared to tssue from ani-
m.zhln}ectedw(t.hfn‘dchy‘dmxid.cua
non antf, particulate substance

Ituprescutlywctptedthntth:phmz
ceuhmewmmurmdbody (McMaster
‘Bl)yet!hupre-mmofthohumsplcm
fmitinmdalanmdgmcmﬂdnctbe
demctedintlmpl‘mnccﬂbyelum‘mml
croecopy The visualization of ferrdtin in
thee]ecumlmlcrmcopadcpendjunmam
tenance of the integrity of the ferritin
lecule. If the moy r ]

the structure of the iron micelle which is

nmnmxmnmzsmumnmmn;m

MATFRIALS AND METHDODR
White female ran welghing 150-900

fn sctution was froes
Nutddvﬁzl g
three days with sevensd

3
:
3
2
g
%

the part of the ferrltin molecule visible in
ebctmnmicmmopyhdim:ptednndm
} longer detectable. In consddertng thearfes
s of antbody farmation it therefore becames
tm] two

ray dome
using fluorescent antibody statning tech
niques (Nahm, '62) It will be shown that
no detectable antigenic fragments are pres-
ent in the plasma cell. The antigenic frag
ments may stll be present in some modi
fied form incapable tg] mvﬂnas "g
anthody in which case they would not
n hle with the fi antibody
hrique In addltion. since the
activated fixed reticular cells contain both

Jected d cytoplasmic char
:l;at:m ofmﬁpggnmnn&mng celly 4t
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ANTIGEN IN LYMPH NODIS

od was injected a1 described for the fer

B

Electron microscopy
A portion of ezch lymph node wax fixed
1% buffered oemiom tetroxdde pH74
wradtog to Palade (52) for ane hour and

387

tons (25 u thick) vere stained after treat
ment with desoxychalate to tmpmove per
meakility to the stain. The sections thus
treated were very fragile and difficult to
handle. The procedure was as follows
(1) fresh tissue was fixed In 3% formal-
dehyds tn 0 05 M PO, buffer pH 7-7.2 at
4 C for one and oue-half hoars (2) fixed
tsyue was washed in buffer above at 4 C
for one-balf hour (3) wathed tssue was
frozen and sectioned, (4) the sections were
placed in cold buffer then transferred to
0.5% desaxycholate in buffer for 5-8

i
e

taffer for
one-half hour with thoree changes (8) sec
tions were transferred to the stalning sola
tions for ane-half kour at room tempera
ture, then washed for ome-half hour at
roam temperature. If the sandwich stain-
ing teckmique (Natrn, '62a) vas used, re-

and vwashing was done at this

at room (5) s
tions were washed with cald

£kl
55553

i
]

point. The stained sections were brought
tnto 5% ethenol for 15 minutes to fix
the stain (SainteMare '62) then washed
with buffer snd mounted on slides In
glycerol (9 parts glycerol plos 1 part
buffer)

films were also made by
pressing the cat surface of & Iymph node
against a glass slide The slide was allowed
to dry 5-10 minutes at room temperature
and fixed in absolute methanal for five
minutes. The slide was transfetred 1o &
solution of 05% sodium alate
{n saline made up (n M/60 PO bufler pl

ane and ope-half hours at 37 C in a humid
atmosphere to prevent drylng. It was
washed 24 hours with several changes of
the buffered saline and was finally
mounted in buffered glycerol (9 parts
glycerol plus 1 part buffered sline)

Preparation of normal rat vglobnlin

The blood from 17 normal female rats
(00 gm) was obtained by cardlac punc
ture  Purified normal y-globulin was fso-
lated from the setum by the ethanol frac
tianatlan procedury (Deutsch, B2) as de-
scnbed for rat serum
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Preparation of antisera
For preparation of and-rat

mal rat y-globulin (10 mg protein/ml) in
physiol saline up In M/60
PO er pH 74 Two weeks later they

For preparation of ant ferritin
six normal rabbits were injected

antibody
with fer

ritin as described above The solution of
ferrdtin used contained approxtmately 10
mg of protein per milliliter Serum was
obtained as already described and frazen

untl] further use

addiion noomal rab-

bits were hled to obtain normal serum
Fractionation of the y-globulin from

tmmune and normal

gave 11
and f antigsTum
body to ferdtin 800

noomal y-globulin; 500
ve 5 gms of sntl-
ant! rat y-globulin

seTa

antiserum gave 6 gma of antfbody to rat

y-globulin.

Inhal

of labeled cowfugates

and purlfi

Ferrdtin as well as antbody and

msl y-globulins were conjugated

nor
with floo-

ILIAN BUYUKOZEN, KAMILE SEVEKI MUTLU AND FEANK A PIPX
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Creass was greater after the second injec
ton. In addifon immature plasma cells
(fig 6) becams abundant.

The manner of uptake and cellular dis-
tobution of ferr{tin observed in hyper
stimulated animal 1

Qi

a5 free in the cytoplasm Single vestcles
containing unifarmly dispersed ferditin
were scen as well as complex veskles
contalning more densely packed ferrtin,
However In the unized antmals
these highly com veddcles (fig 8) oc
curred in gregter number and worp larger
The amount of ferritin free in the cyto-
plasm vwas likewiss increased An in-
crease in the number of multlplomem
braned figures was also obsarved in the
reticular cells, Ferritin was not found in

cell seen in figure 8 is in striking contrast
to the absence of ferritin in the intimately
related plasma cell. No evidenco was
found that would ndicate the crowing
over of ferritin cither endogenou
ogenous, from the reteular ccll to the
tmmature plasma cell the mature plasma
cell, or the lymphocyte
The major differenco occurring In the
tissue as a result of hyperstimulation with
fino structure of

ends of which meet processes o
fixed roticular cells forming the retiealum
notwork of cells in tho lymph node In
addition to taking up large amounts of
tho injected antigen the

the sctivated retheular cell resembled that
of the mature plasma cell n all respects
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ST e S
il mwmmmm il mmmwmmmmmmm i
mm mmu m MW ww %mf .mmwmmmmm mmmmm ¢ m
i s din L [ ik
S TR
e S
H .WE SRR S il G
ST m i ﬁrm Bl iR iy L
Mk q .mmm WMW M mm:MmW@mmhwmmmm“mwzmm WMM.
A B L
mwm ﬁumW mMmmwm mmmm mmm mymm& w.mm.wmu
mmwmm? mmﬁw m mwmmx? m Emw‘mm,mwﬁm%mwuum h



/

302
after hyperstim

ity of uptake was substantially greater
after the secand i’

i o fection and after hyper
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secreting  cells
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‘55 Hawkins and Haorowltz, 59 Camp-
bell and Garvey '61) These antigen

of specific antlbody Such a situation has
the advan that the synthesls of spe-
cific an

yn
Important congdderation of this wark
to determine if the activated reticular
No clear-cut evi-

iy

L
L

gh the su 8-
nuses, cortex and medulla, thus following
the pathway of lymph from aflerent to
effercnt vessels.
In}:‘:iuu;ufferdlintnmu‘cfootpad
resul enlargement of the Inguinal
Iymph nodes draining the injected foot.
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This 1s a E‘mml result of antigenic stim-
ulation (Hingertz and Adamson, '50)
ACKNOWLEDGMENT
The authors tefully acknowledge the
agzistance of Joseph Martin in parts
of this work.
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FLATE 1
EXPLAMATION OF FIIUEXS

1 Poctwon of reticulsr cell from a rat lymph Dode two dayy afier the
sectnd infection of ferntin. Alemy femrtin contabaing vesiches (hr)
#T8 present fo the cell proocss. One of thess can be séen b highet
magnification in figure 3. Mag. 16,000 x

2 lenzlmphm&mbylmmmwdm
Ly lympbocrte. May. 20,
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PLATE 2

TXYLANATION OF FICURES
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TLATE 3
IXPLAN TION OF FIGUXE

& A mature plesme call with highly developed scgasiopless, two dim
mmmwuﬂmNmaﬂ#m
x

5%
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PLATE 4
IXPLANATION oF ¥ICURXS

6 A mature plume crll (P1) strrounded by tmmatare plaom ol
(IP) w0 days ter the second tmjection of ferditin. Aag. 18,000 X
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PLATE &
IXFLAMATION OF FIGURIE
8 Lymph node from r-tln}ecuddxdm:wﬂhfunm. umyhrl'
vealcles repculer el

camplex containing ferritin
g) which fs closely associated w,Zé" plasma u.ﬂ () Mg
000 X

© From lymph node of  rat injected 15 tmpes with ferrim.
concentration of ferritin tn ﬂnmmnn(n)mmtr-d
to abeence of femitin In the inthmately relatsd plesms cell (F)

Mag. 50,000 x
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10 Portiom of normal Ared reticvlar coll eontaluing tpested feridn,

11 mu.mmmum:ﬂm-mw
nods In fx times with ferriin  fome s
petkalmn (o2.) and frae rhoecmes ( ) ean be sam I addion
tmgertod ferdtin (fer) May. 35,000 X
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PLATE 7
IXPLAMATION O FIQURK
12 Portwn of fully sctivated reticular ol from a rat lymph pode
Jected Tengh

Ax times with ferritin, Cytoplasm has an abundint
well a3 camphex vesicles conteining

Teticnhum (er ) as
fexdtn (fa- ) Alsg. 20,000 X In the inserts femitn can be scen
and fres in the cytoplaem. Aag. 100,000 X
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FPLATE 8
IXPLANATION OF FICORES

me)ymphnod.dlnthﬂ'ﬁrd tunes with ferrde hydrvude
The Bued reticular cell (R) comiaion tageciad fors bydcusim (-
Alro, scuoe Serzitia can ba sees fove o s eyioplasns Fisg, F000 X,

From lymph node of t given two infections of ferntin Penfin
Tor b TIrog v moaterial fy preset deep
in the cortex. Aag. 430

From hyuph node of  rat given two Injections of feminn, Parafla
Iron poatitve materisl ix sl porr

section staleed for arganic troo.
€ent {n the medallary cord. Mag. 450 X
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PLATE
m':_uumwc:rrmnu
Fram lymph node of rat given five Injection of ferritm. Paran
stxined with floorescein labeled normal yoglobulin  Axto-
Hoorescent eoslnophils are visibls n..,uaox

hmhmphmdlmmﬂnh!mdtmﬂh.m
Sooon stained with fuerescein labeked antifemtin antibody Mag

From lymph Dodo of & rat given fire injectians of fenttin. Parsfin
section rith flocrescein Labelad antifersitin antibody Cescr
ular stroctore of mm:.nm:hmutﬂlm‘“‘
Mg 2400 x (lnhrpdﬁml.@ X}

From lymph node of  rat given five infections of ferriiin.
wection stained fron. Granolsr

tor strocture of the stakoing
mhwmdﬂml&‘h""m’((
from 1,000 x )
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PLATE 10
EXPLANATION OF FICURKY
Impressian Ahn from a lymph node from muvmanhf'f“““‘
fantn, Etlln‘dwhhﬂnmuscdnhbﬂd antibody
?tsg;.ﬁu) platma colls ocours, M”MX (cnlarped froes
x
fmlymhmﬂvd-ntdvmﬂnm}ccdmdfﬂﬁm
wection stained with Satning of P
cally occure. nu.a.mox (enlasged from 1,000 X)
thlymphnmhotcmnvmr-dnmﬁanf{uﬂrh Fm"
ferrittn followsd by foorcscein labsled
ferdtin. Statning of plauna cells containtng ant-fertdn =
occure. Meg. 3,200 X (anlasged from 1,000 X )
From Iymph node of  rat @iven five mjoctions of ferniin Pand
Sexining of pleoas
scction statmed with finerescetn m*umm,w,( (e









A Histochemucal Study of Testosterone-nduced
(hanges 1n the Submandibular and

Sebhingual Glamd of Mice !

Joa’mn.mormmm:m.v STINALE
Tufts Ontvarsity School of Demtal Medicter Botton, Massechkumetis

1y ar-an

as follows Gmple;lmleu((Baﬁ
mals) Group I Normal females
) N males tnjected

mmh:-‘! T?—wh AP

Tticwwrs ol

B
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of 0 1 ml of corn ofl and Group V and VI

etved sub Injectlons of 0.35
ml testosterone suspended in 01 ml of
carn ofL

All animals were welghed on the first
and last day of the study On the day fol
lowing the last injection, all animals were
Killed by decapitation. Tho subm

JOSEPH H. KEONMAN AND JOSEPH I SPINALE

(Gomod, 41) were both utlied In the
demonstration of alkaltne

Parallel control sections were -
buffer without substrate.

OBSERYATIONS

All sntmals were beslthy and acthe
L hout the study Al antmals gained

dibular

sublingual gland com wag removed
nt:l{mandph in neutral buffered
F) cold acetane (4 C) ar
fll:nlﬂ.uﬂvc

Those sections to be utllized for the dermon-
siration of alkaiine phesph how
were mounted directly {o glycerine jelly
aftey satning

Morphalogy was stodled on NBF fixed
tssues stained with hemnat

of the technl of Glenner snd Lillle
(57 59) Sulfhydryl groups (NBF fixed
)w:mnulned%?u o

tssues means
DDD (2,2-dthydroxy-6 6-dinsphthy} disul-
fide) procedurs described by Barrnett and
Seligman ("52)
t ) Agqueous toulidine blue (0 05% pH 4.5)
, vas used for 1he demonstmation of BENA
and metschromasia after NBF and Sosa
fixation. Parllel control sections were in-
cubated for ane hour at 37 C in an un-
;x;am:i'nth g'lan d.l-;iﬂed & mg/ﬂ
i water

Alcian blue procedure (pH 18) was util-
fred for the demonsiration of acid moco-
polysaccharides (Mowry '58)

The aquecus perdodic acid-Schiff (PAS)
technique (NBF and acetone-fixed tHasues)
vvum'aplayedfo(i;'thedmnm:t;aﬂmaflys

weight. The following chart contains aver
ages per group (table 1) Al weights were
Tecorded in grams.

TAMIY 1
Axtmal weights by groer

A A
PR - R - S .
ot part ot dniah
1 0o 29 o4
a 200 310 12
m 213 182 u
4 100 1o b
w 2o om0 1°
Submandibaiar ghend
Examination of H& E and Anuioed
tssues 1 the untrested mls xod ok
‘seopal dimocphbisn P
mhg:nd(w
40a,b Fekete, 41; L bk
1 the granulet
1243) In Growp reie

7
1
:
E’i’
g

|
il
]

1

ton at 37 C in arder to ellminsie ghyco-
gen (Lille and Greco  47)
Cold acetonefixed tssue was utiltred

demonstration of
slkaline phosphatate. The modified exo
dyewup!ﬁzmethod(?am '60) and the
calefum cobalt metal precipitate procedure
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SALIVARY GLAND MISTOCHFMISTRY 419

tubules was
observed in the untreated

gland (fig. 13) After Susa fixation the
ducts and tubules were not reactive but
the acird were faintly stained and

1 No in ing inten-
sity or localization was noted among the
slx groups after NBF or Suva fixatien,
Cytopl bosonkil

varlation in reas between males and
females in Groups LIV (fig 15) The
acimd vere mod 1y R

in the intercalated ducts was etrang,
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In Group I (fig. 20) staining for alkaline
phospbatase activity

in the basal region. 5i Groups
HT and IV vas compamble to cbserved
in and I infections

and 23) All parzllel contral stdes, ncu-
bated in buffer without subsirate were non-
Teactive.

Sublingnal gland
Exumination of H & E and Azansteined

stained.
Taluidine hlue statning (NAF') produced
2 uniform intense metachromatic alveclar

stained.
fixation, the al vwrere moderately re-
active This latter reaction was also meta-
chramatic the duct systerm vwas not
etained.

An Intense Alclan biue reaction (NBF
and Susa) was uniformly distributed
throughout the alveali the duct system

vras negative
After the PAS ure on NBF fixed
alvoll were intensely

JOSEFH H. XRONMAN AND JOSEPH J FPINALEL

mented (Lacassagne, 40c Shafs sod
Muber 53) Previous i have
the Zule o foms
reported tlz#:‘tlm T inded e
versal of male o *female”
43, Atkinson, Wiisan
and Coal 58 The current lsvesigs
vt thene fndingy_Io bits
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SALIVARY GLAND HISTOCHEMISTRY 431

protein, ane might phatase reaction by sex in the
in the ducts after ular mice. The control gides for
the the in all

fact that toull- buffer without substrate) of the guinea pig
submandibolar gland. He attributed these

lesa severe This varishility in results is probably re-

of the Alctan bive reaction lated to the fact that mvestigators
In aceord writh the findtngs of Shackle-  feel m.umberofmigum.rﬂum
n

according t t vrere <1y
o i e mbttn,trusedlntha&uﬂmd

phosphatases exist (Pearse 60} Ths fact
that sodlum-betagl hosphate was

aF

ob-
of varlations in Alctan blue udwd:lmn-‘lphs—nxphthylphdt;?hneml

the
in the sobman-  the substrate osed in the az0

i

3
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changes appesr to be
y dependent dioip mile ghitndok
upan the severity of endocrine sltera ﬂmn:d-mmmm—m “
Cactesd Lacanagne 1543 Nappat
Tho effect of hormousl therapy UpOn ke secreusiiony e ke O
mdmtmnuuvh:lry glands following Rand. Soc. de Bidl., 136 413414
mmde been ¢Shafer Clark, ——— 194%b Raconsruction pombdzel de B
uhler ‘58 Y ure, 66 Sreebuy Hande sousvurillaire de L sorie Ot
stal 57) Thowe Snvestigatars and oibers  ca: e e B O Cenrein
Yo Te; ‘af “ﬂmrcmenﬂau! mlm & Xilumh nmdkﬂa
lowing Kromman and Fekrte K 1041 By of the Labormey

testost wras not sccom by the postcoupted
panied by restorstion of a normal histo- mlaom1,“ ;’m
Mthcvlml pattern. This tends to confirm w,,gnm,m; ?““"'
ew that a hormeone(s) does mmdmwwwndh
;mmmﬂ’ﬁff gland function Foan actents, J Hissochem. Crtwches T
':utx:re:tudlumay the fact that 33840 0 e dundbutien of
glands are sensitive to endocring e in e axd tisen, 1. O 12

sry normal
alteration and may be restored
to & poxrmal Coenp, Physial 17 T1-83

marphologicel and functional state only Hotchkls oD 1948 A sicreckemil w80
when @ normol endocrine balance s re- tloa pesuliing 10 the o ,,.,.'dnnm.
established. sroctures b Bt e -

S e e e

b,

atl derclopment of tha I nwn!:'

,;.ﬂ:me,wnmw& e

Atkinson, W B ¥ Wilioo and 8. Costrs o Eatudo
of sexunl 1;\;- Janquetrs, L. C. 149 0
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PLATE 1
FXTLAMATION OF FICUXLS

gland of oale mows.

Granuler tubule in submandiba
Aranetained, Suss-fixed, X 500,

Bnhnandﬂrulu;llndﬂmmdfm.hm Naulhnﬂrm
Apan-stained,

tlar tobules are smaller than
Em-ﬂnd‘x

Subm.

in the normal male

treated male mowse, Note o

dend of
cnu.ddnuf(ﬂxmhrrubuh Anxn-staboed, Suxa-fred, X 800,

Subm

treated famals mouse, Ohbecrre

gland of
cuhnmmtufmnulntnhula.

Suas-fand, X BOO.
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FLATE 2
IXPLAN TION OF FIULLS
Tryptophan reaction in submsndibuler gland of wntrestd mek

mouse. NBF-fixed, X 400.
baler gland of cotrested femede

Tr Tesctiom in

mN‘B}‘-ﬂxzd,xlDO
freated male movee stabsed ©

muwm—hﬁ.xm

Tryptophan reactien in sub sland of e

femaly mouse. NBF-fxad, X 400.

iz submandibalar gland of wifreated mals oo

Tryrosine reection in submandbulsr gland of untreated fensde ooow.

Nmm:mwmyhlmmnmthmmmm
400

§ bmendiin ted mile mouse stuned for

mmr&:ﬂ.xm

Tyrosine resctkm in submandibuler gland of tesostorons e

female mouse. Nots beightenad resctinty a3 compered (o the ¥

treated female. NBF-fred, X 400.

Tyromms reaction
NEF-£xed, x 400
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FLATE 3
EXFLANATION OF FICURES
Toluidine bive stain of the mbmandibuler gland tn an wntreasd
male monss. NBP-Aixed x 400,

Toulldine blus stain after prior dbanuclesss tocubation of the sub-
menditruler gland in sn untreated male monse. NBF-Ared, X 400

PAS reaction in sab dand of fonsle mouse.
NBF-Axnd, x 400.
PAS reection in of troated female,

Nots grbianced acinar reection s compared to figurs 15, NBFAssd,

Alkaline phospbatage reaction, Gamord technie, fn fbe subandboles
cland of an untrosted mals mones. Cold ecetoorfixed, X 400,

Alialine phosphara se resotion, Gamar technic, tn the sabmandialer
Tt ot uh et aatlon: Coerl ke, 2 b et

Alkaling phosphatase contrl slide for Agure 18 incubated witbowt
substrate. Cold X 400,
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FLATE 4
TXPLANATION oF FrcTIRs

e S i B
S T e
P T I, ezt Gl e find, %40

e R T T S
mm:g: . sublingual gland of mntreatrd male mowse. NBF
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Immunchistological and Histochemical Localization of
Relaxin in the Metrial Gland of the Pregnant Rat *

G DALLENBACHHELLWEG, J ¥ BATTISTA awp F D DALLENBACH
Medical Sckool,

of Pathology
Hemover New Hompshirs

ARSTRACT The presence of relaxin in uter, placentss and evarew of pregoant
rets was studisd with labeled antivelaxin sermm

by and
In sections of uieri from day 1R of pregnancy stained with thees sntisers, the
cywoplam of the granuler cells of the mescmetrisl

the of the
o, The ot hes Do for the endo-
mwmmmummmmmmh
the «ite of d to the Mcﬂn:num rd
tmplantabon xits in the Fmosn) i fs soppested dlesclving action faciti-
tates tmplantation.

relaxd Dallenbech and Dallen-
a3 bloarsay techniques relaxin has been  bach-Hellweg, '84) As a continuation of
foand tn € quantities in the gvaries,  these we have examined the uterd,
plscents and nterus of many species of placentie and ovaries of various mam
antmal reviews by mals, This paper isa of our studkes
Hisaw and Zarrow 50 and by Steloett ol the localization of In the preg



quickly frozen in
270 C and then stored at —40 C undl
sectioped in the cryostat for f i)
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ant! rablit gamma globatin (A)
or by antl-streptocostn A strum
(B) oz by goat antbrabbit gamma
globulin (C)

9. Antirelaxn serom, followed by
flnerescedn labelled serum B.

3 Normal rablit senen, followed by

etn labeled

orescent studtes. Stmilar of
all animals were fixed in neutral 10%
formalin, and i addition some in San
Felices fluid, Camoys fixative acetame
ar 4% badc lead acetate for subseqoent
parafin embedding and sectloning at5yu

Research Instl
had been prepared by injecting rabbits
repeatedly at mtervals of 10 days with
375mg of relaxin (1000 units/mg)
mired in Freund’s sdjuvant. The titer of

cein labelled glebulin a rab-
pit gamma globulin (sheep from Bald-
mare Biol and goat

ods of 15 minutes to ane hour
The Axatives employed srere fresh ace-
tone, 95% alcohol and 10% Deutral for

malin.
The following controls were carried out
to demonstrate the specificity of the atalo-

stuined
b Staining of sections with
1 Rebhit gntirat hmg serum, fol
1mvedb1ﬁuuruoduhbeﬂedlbcep

senm A, B

i ).
Jeaction with 494 507
P beanmplation. (Pe80r Tl )
DMAB ( rpiophan (pea®
nitrlte metbod ot o
D) Gegers (83) 2o Tl e
Mad—glcsg fox method 1%
61) afrer WS
pistidine 817
sl () e o) P
for SHgroaps 20 D00, bloe 1
e bes (Humsst o
Bemridioe resction 80 C0° gy rniea
giain, (o S v



A Immunofluorescent studies
Tbetinuafmmdaym,ls 17 and 19
in detall beca

RELAYIN IN BAT 435
readily even under low megnt
fication since it literally glows vwith fivo-
rescein binding At high magnifcation
almost every cell can be seen o contain
2 fairdy well defined yellow- para-

rounded (fig. 3) In same of these fluo-
rescent areas even more brightly stained
amall grenules can be recognized. Yellow
green finorescent grannles and lakes of
fluorescent  meterial are  occasionally
found in the lumina of maternal blood
vessels (flg 4) whose endothelial lining
may also be diffusely flucrescent. In the
regreasing mesometrial deciduz only a
few cells with fluorescent areas can be
found. The endametrtum, the glant cell
Iayer the sponglotrophoblast and the
labyrinth fafl to show any yellowgreen
& In the tissues of

the outer layers of the utrrus close to the

rium groups of mast cells are
evident with numerous small yellow-

serum and then with fluorescent
antrabbit gamma globulln serum fafl to
sbow any fluorescence.

i
;

exists here between the slides stained far
30 minutes, far 60 minutes and far six

hours.
In all the controls no specific fluores-

occasional small cells contaln golden yel
low  (autcflucrescent)

with con serum-1A dis-

close a yellowgreen fluorescence of the

cytoplasm of the glant cells

freen fluarescence in
lining endotbelial cells of all portons
of the piacenta In the slides stained with

pical
glandular and superficial endometrial ept-
thellim can be seen, whereas the metrial



436 ammcn-mwm:vuminmrnmm

ghnd and the decidoa sre entirely nega- larger follicles show no Ruceescence, dther
The

ve, specific or
Day 17 of pregnancy Following stain-  with control serum 3C reveal in both orr
ing with the antirelaxin serum and then les a fuorescence of the capiiliry endothe-

glan
fifteenth  day o yellow-green fluores- tha
cence can be seen In the decidual rem  only
nants or fn any other structure of the Ing

): Howgreen i of

the granular cells of the metrial gland wler cells in the mescenetzial ety
(fig 5) The number of thess cells is al- distinct] n:d,w‘llhnmmnm
most a3 largs s In the nretrlal glands of PTAH Mm’:‘h‘!m

the esrter days of The distrdbu  tve (yellow) with
tion of the cells 1s slghtly different, how Generally m:fﬂm;mﬂﬂ“b‘;
ever for they are formd a ted pri- 1'et;|t:|:|lu:|:|:|ﬁ):venﬂnc found ok

marlly sbout the larger vessels of the enveloped by 3
; Tho granules resct to various histwberr
feal tests as

cein labeled sntrelaxin serum ules. Thess grapules &7 C5
Ovary from day 1P and 20 of pregrancy  uniformity loclttdm":wdw
A bright dcn-yellz:maumﬂmrmeof mm%wdw

ovary 34) In slides from  but they remain

r.benhgm and twentleth day stained mmddcdd(:ﬂé«?;%w

with tha sera 2B and 2C of in the decidual con? .",,eazbefm""

rounded interstitial cells close to the meso- m"“m%mmﬁ

vartum (mast cells) contsin numerous :mlmwbﬂ'um.“bd%w
ly green g i! ucus boundary

e calls of the Corpus lutcum and border Here G cal CBO2 Sy oo
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LOCALIZATION OF RELAXIN IN RAT
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TOCALIZATION OF RELAXIN IN RMAT

soom as its main effect, the dilatation

the rat uterus (Steinetz et al. B7a;

mwmwammﬂﬂw
the sthmulation of

was not tly by Vel
udo)('SB) ar by Zarrow

In view of the content
of relexin in the rat of late

441
the pl o Ittnatel
acts as an {ndependent gland
23 in the human. Relaxin {s produced by
the human placenta (Dallenbach and
Dallenbach-H ‘64) and not by the

undl 1t

to spectes. For instance in
guinea pig, the blastocyst posscsses high
prot capacities obvlating

histochent composition of thelr gran- activity on the other
ules. mmfvﬂg@mdﬂmu hend, in the rat the decidus, and pot the
thetr Jocallratian can be explained blastocyst, ahows the most protechyds ac
by phylogenetic adaptation to speciSic spe-  dvity (Blandau 49 Starck, 52) In the
cles peeds In lower antmals such as  rat, therefore uton of the de-
elammobranchs and birds the owry cdua can occur the absence of a
which {s the only important organ con-  blastocyst (Selye and McKeown, ‘35). This
cerned with reproduction, may contain may alation of granular
relaxin (Stelnetz et al, '59) Perhaps it cells in the 3

facilitates ovulation. During Y tothe cone during
advancement, the ovary is found to retain  plantation, which s qute )
fewer hormona! functions while those of the accumulation of
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PLATE 8§
Phlorinetartraxin X 170,

as in figure 8. Cells of the vasculer walls

cels,
atrial gland t tse rwwntyeccond day of pregnancy The granular cells ye
1 :.muuma:cm:-:-mm-nnmlm Marson  trichrome statn; x 132

ppear to be trenaforming mio
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