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PREFACE

Tur abnormahtics of function of vital impertance to the dibetic paticnt
are timatel relited to chinges m cell and tissue structure  As new
techmques in histochemstry and histology have heen deseloped our abilits
to relite and understand these structuril and functional alterations has
been maternilly mncrewed  Our knowledge of dithetes his been far from
statie since 1938 nd many pew factors hne been developed  This theed
edition 1% lirger thin presicus edtions 1 pite of elimaation of much old
matertd as 1 result of the continumg advances that have heen made 1
the filld  IThese 1dvances wre particularh important i the field of cxpert
ment M dithetes i the understandimg of the ch inges encountcred i infancy
w chuldhood nd m speetid pthology 1 artwculisly that of the hidncy
the cve and endoerme ghmds

No one man s hnowledge < hope te be complete 1 this fichd and the
withors arc deepls 1ndebted to many for help in v irving degree Without
the continuous stimulition of Dr Fllott P Joslm the many obstacles
wmetdent to L tsh such 1 the preparation of this hook would have been
even more obuows  Drs Alevander Varble Howard 1 Rott Pralhy
White Irnas DD W Tukens ind Stanles Robbins kave been most helpful
mnd hive rexd one or mere chapters 1 aluible maternt or helpful sugges
tions hase Feen recaad from Drs Divd Cogan Arnold Thazwon 1T
Bermng Jonn & Inedorsald G Tsmea Duff G Gomen F 1 Bell
T I Stubbs Frank Bloom T B Hazied and G kenneth Mallors
Turthcrmere without the'de? by #1x help « f those worhing with 1 1 the
techimcd an | <ecretaenl bdds the preparstion of the volume woul | have
been oxtrameh difficult We are indebted to Mis Nmev Buch Ve
Duane Crocher and Mrs Milired Reillv for hu tologic teehnienl wsistance
to Miss Jane Hlennedls for compilition of tables to Vs Rathrym Haley
for photomtcrographs wnd proofriading and to Mrs Jemn LeCompte for
assntanc m the prepiration Cf the mmserpt wd proofreading

snireps WARREN
Pamn M TrCoverr
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Fre 1 —Modernte hyalmzation of 1land of Langerhans Male aged mixty-Ric years

‘Puration of diabetes fourteen years
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the acin were the seat of control of carbohydrate metibolistn and con
istentlv opposing the msular hvpothesrs

The transplantation of the remaming portions of partiilly resected pin-
creases by Hédon” with the fulure of diabetes to develop s long 1 the
transplants remauned m heilthy condition served to show that an mternal
secretion and not the external was concerned 1n cithohydrite metibolsm
The obseryation of Opie,? ? later confirmed by Ssobolen ™ localized 1n the
1slands the pathological changes assocrated with diabetes and explained 1t
least 1 part the prev1ous difficulties in correlation of the clmical and path
olopical findings  In cases of dizbetes mellitus the 1slands were frequently
diseased with or without damage of the acinar tisue while 1 cases of
extensive pancreatic lesions with normal carbohyvdrate metabolism such
as some cases of acute pancreatic necross or carcnoma the wlands were
found tobe intact The abnormalities in the islands were exther qualitatin e
as sclerosts or hvalimzation or el e quantititne  dobolew deseribed com
plete absence of 1slands m 4 out of 13 cases of ditbetes Tlus finding 1s
most remarkable  Probably of he had had the advantige of the speafic
stawning methods for the wlind cells discovered by Lane 1! Bewsley * nd
Gomort, 1 he would hay e found at least some 1s]and tissue present perhaps
in the form of 1slet cells scattered through the acinar tissue as sometimes
oceurs

Another earlier report *of ahsence of 15l ind< s uncertain as the author
failed to find 1slands m tn o nondiabetic cases a3 well a3 the one of dinbetes
Ikenise Binger and Reith reported 2 case of app irent complete absence
of 1slet tissue 10 a nondibette o mstance of complete 1bsence of msular
tissue cheched by specific stanmg methods has been reported

In 1904 Suwerbech 7 anahzing the available evidenct chanpioned the
wsulir hvpothests and 1t has remuned the favorite up to the present
Opie®t presents 2 table (Tthle 2) based on cases o my iled by “ancrbeck and
Timself

Heiberg® anel Werchwelbmm™ ' ewh dumed pancreatic chinges to be
present m eveny ease of dibetes and to be hmited to the ishinds o suffi
<uent number of cases to prove the msubir hypotheas  Ceal ™ ma senes
«F 90 Crses cune to the same condusion and hiter® Gilled attention to the
frequent cceurrenc of evudence of regeneritin or hypertropin w the
sslinds of Langerhans m dnbetes (34 cut of 100 (1 o) Smbhir dunges
auggestmg havpertrophy and rgenerition were found i cwes of chiromc
pancreatitis without dishetes  Yotmamige * his deseribed new formation
of wands from contro-acin e cells 1> well as regencratnve b pertrophy n
cases of sesere panere iti damage

The presence of regeneratine proces es m the 1 lands 19 also stressed by
Verchselbaum®=—tx th cellulir profiferation of the dand epithelm and
the formation of new rinds frem the epithelunn of the ducts Wath all
lhn evidence favormg the msulir h\pﬂ(hr-m there was neverthedess

of d nt of d f with the avadable means
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TABLF 2 —PANCRPATIC [ E10ns S1OWN B CAses COMPILED BY SALERBECK

AND OriE
Interacinar panercatitis 120
Intorlol ulsr g ar ercatipis ]
T 1pomates« 18
Caleult 9
Cyst 1
Carcinoma 5
Focal necross 2
Atrophy 60

Lesions of 1stands with normal parenchy ma
Hyaline degeneration 6
“clerogis 2
Adenoma Iike hy pertroph 3
o lesion of pancreas

Pancreas normal H
umt er of 1slands imimshed +
Toial 298

of recogmizing characteristic lestons i dizbetes  This feeling was well ex
pressed by Allen” nearls forty vears ago and his statement even todas
holds true  Fvers nnatomcal v pothesis of diabetes still requires to be
assisted by 1ssuming the evistence of a certamn proportion of functionsl
cases without known anatomicl basis

Vath the differentiation by Lane" of « and g cells in the wlands of
Tangerhans and with the beautiful studies of Bensles!? on the pancreas
of the gunea prg 1t was natural to attempt to correlate ctological nith
climeal findmgs m the hope that there might be found <ome single unn er<al
diabetic lesion  Homans'? found disappearance of the sceretors granules
n the island cells of cats fram which three-fourths of the pancreas hud been
removed In tho ¢ amumals which becime dinbetic he noted Indroptc
degeneration o the 1sland cells and hence regarded them as the site of
the carbomdrite-regulating function  Tlis  hvdropie degeneration
previoushy noted by Weichselbrum# in ditbetie patients and which Allen ¢**
had produced expcrmentally 1n dogs Homans® found to affect chicfly the
8 cells
This gave new hope for the existence of a single charictenistic uniers al
diahetic lesion  Further studs has unfortunately blasted this hope  H-
dropic change of the 8 cells may well mean dirbetes when 1t occurs but bt
no means all dinbetic pincreases show this lesson

In recent vears considertble mterest hs been shown i the quantitative
relationships betw een the two major types of 1slet cells,  As will be noted
n Chapter 3 differential counts of the ratio of 8 to a cells by vanous more
or less specific stamng methods have led to conflicting results some ob
servers (Ferner % Hess") cluming to find a strihing and dingnostie reduc
tion in the ratio others (Gomor) #*® Terbruggen®) finding in many cased
ritios either entirels withm normal limits or showing onl shght devia
tions



DIABFIES MELLITUS AMND THE PANCREAS 11

The duct ligition experiments of Schulze # Ukar® and others® 37 showed
that extensne (though now known to be ncomplete) atrophn of the
aemar tissue was unacenmpanted by distutbance of earbobn drate met tho-
Tism

Tnuhn®® was the dtm s of this ine of expernmentition In spite of the
important evsdence adduced by the production of msitlin from the prinerpal
sslets of fish®  and from pancieatic tissue 1n v huch the aant had practically
disippeared secandirs to duct Iygration, the production of msulin m the
entire absence of acint was not vet proved

Tt remamed for Wilder s striking case of hypermsulimsm due to car
cnoma of the tlwds af Langerhwns to clinch the truth of the msulaw
hypcthesis  This was further remforced by the caremoma of Thalhimer
and Murphs 4 the adenoma of McClenakan and Norrs @ and by the re-
sults of the operatn e removal of the caretnoma of 1sland-cell tvpe reported
b3 Howland #

OFf some interest mn this connection are cases of naturally occurrmng
dibetes m ammals  Spontaneous duabetes 1 dogs has been reported
by Bloom and Handelstn wn # and Bloom has obsery ed spontaneous ditbetes
asscertted with hy vme 1slinds 1n the eat % More recently Land&7 hay
sdesenbed the case of a four-y ear-old ent which developed thist and exces
s urmation and at autopsy showed small islets with some hvdropic and

myxomatous changes  In the case of Pollock and Bwumn #* a six vear-
old Irsh setter extubited polydipua pohvunia and werght loss and at
Wtepsy shoned an enlarged pancreas (65 gm) m which the wlets were

' ‘. . H

we faund a yeculiir massive ec agulative necrows of the pancreas and
Iner Almost repliced by fat  According to Bloom (personal communica-
tion) a fatty Iiver 15 charactenstiendls found n both canme and feline din
betes  Ceatamh as noted by Pollock and Bauman ** more 1ttention
shot 1 Le grven to these interesting cases

Schlcttuner and Mhllar® report 9 cases 1 dogs and c1ts id note that
the di ce may be due to pnereatitis or may be wdiopathic They itlus
trite hyalne islets in one cxt and state that most dinbetic degs are femles
md ot diabetic ¢ ats are mles

feeording to De T T Stubls® the merdence of diabetes m domestic
anim ks as Judged from  arous senes reported m the hiterature 1s probably
Tughest m dogs but even here t» quite low most authors gung figures of
less than ¢y of 1 percent and mam as low as 1m 10000 He alw ates
the mteresting statcuent of Runnells ® that diabetes 1 helieved to he the
cause of death i feeder Limbs when overfed on carbobs drates <uch as
corn sugar melwsses  IF thos conelusion be true the miportant imphes
Vns w connectien with the experimantal work of Dohan and Tukens®
and the role of dict are obyious (¢ hapters 25 and 26)
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Perhaps the most convineing and drunatic eudence m favor of the
sular hypothesss 1s the remarhable specific damaging effect of allovan on
the 8 celis of the 1slets and the intimate correlttion between this damage
and the dovelopment of dibctes m animals so treated (see Chapter 25)
Other bits of evidence mclude the correlition of low ered moulm content of
the pancreas with mjury to the islets  the esions of the slets m pituitan
diabetes # the degranulation of the 8 cells mn experimental hypergli-
cemia 2% and 1n human dibetes ¢ the changes of the mass of 1let tissue
1n response to treatment with glucose or with insulin 57 and the fact that
dinbetics exerete less msubn m the urine thin do nondnbetics ¥

THE ACINO INSULAR HYPOTHESIS

That the malfunction of the pancrcis as a whole 1s responsible for dia
betes 13 the essence of the acmo nsular hypothesis  Lombroso®® presented
evidence for this theory  In the hands of some other proponents such as
Rertmann 5° who believed that normally 1slands and acm both controlled
cubohvdrate metabolism vet erther alone could perform this function
and Rarahascheff ® who helieved the slands were onls of use to replace
worn-out acmt and were not separate orgins this theors ws deadedhh
wetk While Laguesse® s ahantly upheld the possibility of reciprocal trinst
tions between actni and 1slands he nevertheless believed the plinds to be
prmanly concerned with carbohs drate metabolism  This Inpothess 1s 2
logicl corollary of the transition theory of interrelation of wlands and
1 which will be discussed 1 Chapter 2

A monograph of Ses farth® sums up the evidence and purhaps s the
hesght of the prestige of this theors  Gomori® has summanized the point> of
ven of the two opposing schools of thought 1n relation to the interde-
pendence of acmar and 1slet tisswte and has presented his own reasons for
doubting the supposed com ersion of actnar cells nto wslet cells and e
yersu

THE ACINAR HYPOTHESIS

Of historical interest alone 15 the belef of 1Tinserninn® that the acwar
cells are the seut of reguhitions of carbohydrite metabolism  He Jd
great stress on granular atrophy  essentilhy anteremar fibrosis a8 the
most umportant leson in diabetes

DEFECTS IN THE PANCREATIC THEORY
In recent vears there hus been mncreasmng realization that the whole

micture of human diabetes cannot he mterpreted soldy an terms of ;hf
pancrens and much has been made of the fact that mam f‘:hc'i of the l~'
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diabetes due to adrena) tumors haye been permanenthy cured by removal of
the tumors® and finallv  that total pincreatectomy n man results 1 v
rditvely muld form of diabetes ¢ *  On the other hand 1t must be recog
mzed that all known forms of exp al drabets assoctated
with lesiony of the 1slets and that probably the greit majorits of huinn
1y would show lestons of studied with proper histologic methods
quantitative techmiques It 13 mterestig that ~uch a promunent authorits
2> Wilder ** 1n a recent mportant paper offers 4 spirted defense of the
tmitars pancreatic view of human diabetes  Perhaps the soundest pont
of view 15 to regard the majontv of cases as fundimentally pancretic
(though modified by various factors) and to recogmze 4 small group of
defimtels extry pancreatic origin based perhaps primarily on dvsfunction
of the Iner or adrenals  If one adopts the pont of view of Himsnorth™
and regards diabetes mellitus as 2 syndrome rather than a disese cntity
ranch of the difficults of thinking of st \n an1tomical terms 15 obviated (v
Chapter 2h)

RIFIRINCES

Cawsny T Lotdon Med J 5 286 1788

Botcrampat  Nouvenu mémowe sur ghicosuric en dubite sueeé Suppl & 1am
de therap Pans 1846 p

Tancereate Bull Aead 4 mé! 6 1215 1877

vov MerinG J anp MrvRowskt O Arch £ exper Tath u Pharmakol 26
371 18R

Tactssse b Compt red Soe deliol 45 819 1813

Thasesans D Ztaebr £ hhin Ml 26 191 1834

Hevon T Compt rend Soc debol 44 678 1892

Omr F 1 Bull Joht« Hophins ﬂmp 19 263 1901

——— J Ixper Med 6 30"

10 Ssosoren I W \lrchov\! Arch wv 01 1902

1907

-

-

Dwer e

10 Lane M A Am ) Ana

12 Besnary R R Am J Axmt l’ 207 1911

13 Gomorr +  Am J Path fu 497 1939

— Am J Chn Path %0 660 1950

15 ircknortr ¢ Qutelby Mar R A Am J D Child » 6. 1236

I Braeer MW aspherre N M J Am Med s 109 1 m'r

17 tatrreeck T Frgebn d allg Path u patl Anat & 53%

IR Ome F I Dixaseof il Pan nas 2oied Phitadeljba TR I!m t ott 110
P 3

1) lemere K A Varchows Arch 904 175 1911

20 WaicasErpaty A Stzungsher & has Ahal d Wastwel Math Nat K172

ne

21 ——— Wun M Webesehr 24 1o3 1311

22 Crue R T 1 Lyper Med 17 260 109

P2l —— 3 Ixpr Med 7 %00 1901

24 Yortyanaar & Mt G oallg Path u path \rat 9 337 103

2 Wamawrtnaw A Stzwg ler d hasc Abad d Wxeneh Math \at kU 14
[ 08

26, AurN F M Glyeovins and Diabetes Cambodge Harvard Univiraity Lo
i}

Hexans 33 Med Ree 50 49 1914
Anan B M) Metab Rea 11 1922
Howane J J Med Res 33 1 1915

30 Femner It Varchows Arch 309 87 1012



14 DIABETES MFLLITUS AND THE PAMNCREAS

1 Hes W Schwerz Ztsehr F Path o Bakt, 9 26 1 45

32 Gomorr G Bull N Y Aewd Med 27 99 1945

33 TERBRLGCEN A Virchows Arch 815 407 1948

31 Sewinze W A | omukr Anat 56 401 1900

35 Ukar S Mitt @ allg Path u path Anat 8 27 1120

36 Factes £ ¥ anp Govwrreg bk 1A Rocnr A Compt rnd Soe de Bob o
8% 1902

37 hameswmie M OB J Ixper Med £5 101 $012

8 Bantivo ¥ € anpBest CH J Lab ﬂnd Chn Mol ~ 251 1922

30 Mac teop J VR F Mitab Res 2 140 3122

40 Veveeat S Dopps B O anp Dienens B Lanct %0~ 115 1124

41 WnpEr R M Auan F N Ponrr M H awp Rosesrn H BT 40
Aed A g8 348 192

42 TuannEr W v Misrny F D J Am Med Avn 57 83 1028

43 Me Cimnvaaay W U anp Nomers C W Am J Ml S 7 non

4t Howeanp ¢ Cawesgrn W R Martey 17 o Roenvson W 1 J Am
Mel Assn 93 674 1920

45 Broos Fosvp Havprssuas M BN A Vetopmarar 79 30 017

16 Bioow F New Fng ] Med 7 395 193

1 FanpE KT Am ¥ Clun Puh 1y 50 114

48 Portovk S woBusay PO ) Im Yy M A N DY

11 S morratEr ¢ 1 aspMrear J AS 1 Am Vet M) A w 118 31§l

50 Sremsps 11 }ersonal « ymmunicatiot

31 Rennktts {ated by Stubl s in persor al communie itr )

52 Douaw F € aonTrxeve F D W Frdornaclomy 42 241 1418

2} Hast R T Am J Mel o8> D49

58 Ham AW oo Hust BT Am 3 Path 1 787 iy

a3 Bamkron S S aveSTate D Arch Path & 297 (003 —

56 Brss J T Am J Path 7 631 146

2" Hant R E Fyvane M havasn B Bavass F T awvp Aumort M A
Proc. Am Disb Awn 9 83 119

o8 Mwmsky I A lopore C J Wactsaw J anp Browhaws R HJ Cho
Invest 2 815 1 HS

5) Lowsro 0 L Frgeln d Yhy ) 21 110

60 Rermany K Zgeelr § Hath % 1 1o

6 harwkas HFrF R T D outseh Arel F &in Mol 87 231 1200

62 Tac ™ nne

1m
63 vy o
61 e
o - « o [s IEREIPI]
66 Mapt v
rss s
<



Chapter 2 .
THY, \ORMAL PANCRE 15
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slands prob thly have a common origin with the acint from the duet cell
rather thwr ansimg from the cnar cells However, the acino-msulie
relattonship 1s still disputed * Neubert * 1n 4 detauled studs of the develop-
ment of the pancréns held that the islets arse from the secreting ends of
the adenomeres 2> well as from the ducts This extensively quoted worb 1
considered by Rraust and others to offer a rervonable explnation of the
acimo msular rdationship and at least to wmply the possibility of new
formation «f 1slets from acinar tissue m the adult  Hughes ¢ from a stud
of allovan diabetes holds that formation of 1slet cells from ¢t oceurs
the rat (see page 27 for further discussion)  Gomori? ponts out that much
of the evidence for transformation of aciar cells to islet cells 15 based on
wsufficient evidence or nadequate technigue

Terner? has worked extensively with the Gros-Schultze method of siher
impregnition ind has studied the wslets at 11l stages of dexelopment He
holds that the silver positic cells include the a cells of the islets and
additton eells seattered singh and m groups 1mong the acint mn the con
nective tissue nd m the ducts  In the embry o he describes buds of these

silver cells arising from both ducts and e 1nd refers to them as beng

Ip e te the of 1slets  In early deeloping 1slets he

describes the apperrance of a central nucleus of g cells which do not tahe
the sihver surrounded by the unripe sihver positive cells The sver
cells predomate m early life n fact are exceedingly numerous at burth
then decreace relative to the 8 cclls through al out the fourth yenr after
which time the relatonship becomes more or Jess stabulized  Yecording to
this pomt «f view the silver cells meluding the « cells are resting non
functionl elements from which 8 cells mav be formed under the proper
stimulition  Turther discussion of Terner s 1deas 1s given later m ths
chapter and i Chapter 3

Hard ® working with rit embrsos and usmg the nentral gentian method
of Bendev and Gomori s modificition of the Mallory Heidenbamn stun
found that the 8 cell was the onlv 1slet cell tvpe to differentiate during
embryome Iife and that the specifie granules conld be distingin hed at atout
the nineteenth d1y 7 farl Inten fetal ife  ‘The a cell (rather surpti>
mgh 1 view of Terners statements noted 1bove) was not dem mstrable
at all durng fetal Ife being recogmzed first on the second postnatal dn

The pancreas 1> traversed from left to right by the duct of Wirsun&
which bends downnard and bachward 1 the nech and after travering the
postertor surface of the fead reaches the wall «f the duedenun « here 1t
umtes with the ccmmon bile duct  The accessory pancre itte duct thet of
Santorint srises n the upper portton of the head and termmates i & smafl
papilla m the mucous membrane of the second portion of the duodenum
about 2 em 1bove the pipilla of Vater

There are numerons vanations mn the distribution of the ducts and thetr
anastomoses  Tn 100 pancreaces Opel found the ducts mn anastomosiiin
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90 He gnves 1 number of excellent diagrams of the relationships of the
to ducts

On the surface of the pinereas irregular areas are demareated by loo ¢
connectiie tissue and fat  The amount of this fit vares greath with the
state «f nutrition of the mdnidud and s one of the chief fictors m the
saruability of weight of the gland  The gland can he divided by dissection
of the tiseue mto ele r cut lobules usually bout 1 an m diumeter  [hese
primary lobulcs are subdivided nto smaller secondiry lobules usually
evertl millimeters n diameter by poorls -defined septa  With the low
power of the microscope these secondar lobules may be still further divided
to tertiary lobules

Aberrint pancreatic tissue may occur amywhere 1 the upper gistro
wtestmal tract  Taust and Vludgett® revies the hterature and report 4
ease m which 1 mass of pancreitic tissue presented s a pnhp of the
stomach

‘The hlood suppls of the b »ds and the tail of the pancre1s 18 from branches
tf the splenic artery, where s the hed recerses its supph from the superior
Pwntreatico<duodenal arters a branch of the hepatic and from the mierior
Dincreatico«duodennl artery a brinch of the superior mesenteric  The
bulk of the venous blocd from the pncreas passes mto the spleme ven
and 1 amaller amount nto branches of the superior mesentersc ven  Anas-
tomoses are frequent hoth arterial wd venous  An excellent revien
gvenby hukte

The gland 15 innervated by fibers from the lienal plexus which i turn
1 formed by branches from the left celiac g mghon the celin¢ plexas wd
tight \agus nerve  Pacimian corpuscles are not rire  Symp ithetic gan-
glion cells may be found the ugh rarel 1 all purts of the pancrexs

THE HISTOLOGY OF THE PANCREAS

The following description of the pncreatic eclls 1 based on the study
of human nutopw matenal fixed from twents mimutes to three hours post
mortem  N\o pancreas show g gross evidence of pathologicil change was
ncduded  Tn addition the mformation disclosed by the far more careful
rerches of Benden ¥ Laguesse ' Uk md moans cthers Ts been
Iiherally deawn upen

Suppasedy noeml panere itie tissue w s fived routmehs m Zenker s fud
sublimatebichecmate wnd formadin T requentls Boun s flud Champs
Ml Zenker formel neetieosmie-biebromte. o mic aad b olute alen-
B 1 and Regwd « mcthod were al o vew rted to

The fallowing <t uns were uwed

TFhlouine.metin lene blue

Phosphotungstic aerd hematowylin

Mallors s anibine blue

Gondp isture ~ cosn methylone 1iue
2
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Masson s 1ron hematoxylin s ert lumiere

Iron hematoxylin Van Gieson

Uhar s stan

Bensles s neutral gentian

Gomor1 s chrome-alum hematoilin and phloxine

Gomori s new aldeh de-fuchsin method

Gros-Schultze sily er method (shightly modified from 1 erner)

On certamn favorable c1ses various lipmd stains were emploved s wete
Best s and Langhans methods for glycogen When the tissue was fresh
and properly fixed the aniline fuchsin methy 1 green or preric acid method or
the won hematoxilin method for mitochondria was emploved as were
Benslev s safranmn stain and a very useful modification of Mallors s amline
blue stain devised by Bensley ¥

Recenth we have had considerable success with Gomor s chrome-alum
hematoxyIin and aldehyde-fnchsuin methods perhaps the most generally
useful stains for the rlets yet devised  On well fived materi 1l his modfica
ation of the Mallor Heidenhain azocarmine method 1s alsa of salue  Alo
we have made extensive trinls of Ferner s method of apphng the Gros
Schultze silver stam to the pancreas and have had good results with a
slight modification of 1t This max vet prove to be the most useful method
for estimating m autops material the relative numbers of o and 8 celly
Unfortunateh, 1t onlv works sell on frozen or celloidin sections  Our ef
forts to detelop « workable stlver method for paraffin sections have met
with hmited success

Details of the more useful methods are given m Appendis A A entical
discusston 15 given by Gomon *

Duct Cells  The simplest svstem 1n the pancreas 15 that of the ducts
with which mav be included the centro-acinar cells VMoreover from the
primitive duct epitheltum the external and the internal secretors elements
of the gland are derned  As would be expected from their origin from the
duodenal epithelium  the ducts at their prouimal ends are lined by epithe
hum closels bling that of the duod tall columnar cells with
distally placed elongate nucler Granules varing m size which gne the
charactenstic staimng reacttons of mnem oceasionalh occur i the proxmal

portion  True goblet cells accur with varying frequency  Neir the dmr)-
N . w4o apll

ity
g

At times even the neoplasms dernved from the two are practically indss
o — e

d b walat vely thuch

cnntbored



THI HISTOLOGY OF THI PANCRFAS 19

1he muce us ~ecretton of the cells disappe s and the epithelium gradually
changes from columnar to cubowdal as the ducts become finer  There 15
a tendency for the duct eprithehum to flatten slightly n the mterealated
ducts and frequently the centro-zemar cells flatten very ahrupth  The
centro-cn i cells are stmine m appe trance to the cells of the finer ducts
id probibhv represent the termmi of the ducts  Thes tend to insinuate
themselves about the ipices of the ranar cells

Tacoby & demonstrated alkiline phosphatase m the duct epithelim by
histochemical metheds and postulted that the ductules were the source
of this enzyme  the other three enzymes of the pancreatic juice bemng pro
duced by the actm Wang Grossman and Is+* confirmed the histochemt
cil obseryations and showed further that pancrenzs min stimulates the out-
put of amJasc fram the puncre s but not that of alkalme phosph itase

Both duct «eJls ind centro wemar eedls hive v elewr 1 kphilic evto-
phasm fre¢ fromsecrctery grandes and cheom il substinee In Frooorable
cses seattered fine rod shaped miteche ndrin are i ihle m both duct cells
ind centro v cells N semov 7 demonstr ated asmple Golgs paratas
i these cells Tt 15 much fess complicated thw n the wmire el whind
cells

Ihe nueleus s wsuails oval smaller thm that of the aanir cell and
relatineh nch an cheomatin - Ihe nucleolus so prominent in the acinar
cell 13 not obvious I atremelr rands mitoss s seen even m adults

Bemlex® has demonsteated m the gminey pig through il stuming with
prromn 1 svstem of fine anastomosing tubules surrounding the Lirger
ducts and communie itang, with the ducts on the ¢ne hand e the 11 nds
of Tangerhus on the other  Morcover scattered an these tubules ire
smgle edlls wWenticrl with the ¢ of the Nind~ Ot ¥ found m humwn
e1us direct (cnnection between a moderate proportion of the s Jil and
the mterlobul e or it il bular ducts

Acinar Cells — I'hiet portion of the pancre s with which we e host
uequuntcd 13 the externy) ecretery svstem Lhe obshus impertanec of
the pinere e fermentsand the strihing appe i ince «f the acm g eclls early
focused attents nen the Gtoli gy of the hitter The € sy deme nstration
of the vme gun granules made attempts at corrdation between ¢hinges
the mtracellatir steueture and ghindubir scerctien peculirdy entiong

Withany of the ordiary stams the (vtopl s of the aan wedis s corh
divtled mto two zones  The inner zone s markedh v cuol wed and wath
approprite stuning these v 1encles are seen to contaun or rither he the
Femcgen grinuhos The outer porticn of the et s il concrermg the
nuclins stams strongh wath brae dves and s funth serted This when
staned with Gordpasturc s methylene blue after chromesut lnnate or
Zanker formol inats 1 the eitter porton «f the cell <hows a diffuse bhush
o uding (chromudial subst ince) nath fame clear strmtions  These strations
are known to be due i anmiaks to the presence of mitochondna - While ne
hue hnt great difficults demonstritmg mitochondna o buman pancreatic
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tissue 1n sexeral cases they have hid tins same distribution Aceticor osme
acid in the fiung flud ses the chromdinl substance to be precipitated
i filumentous form (Benslen™)  However Saguehn®® believes the e fila
ments are in relity preformed nd simply made visible by the qad

In the human cases i which mitochondria e found thes pperr as
farly fong shightls wavy rods of modertels irreguiir thichness arpinged
more or less parllel to the long s of the cell and only very rarels occue
ring 1 the inner or vacuolated zone W have not been able to detect am
definite relation betw een mitochondriy and 21 mogen grnules

¥ 2 “Normalpsn rasstovngaem idand anla laet  Male agelfortis <
yars No labett  Plos)otur getic act 1) ematoxyl neta 170

Wath stams such as phosphotungstic 1eid hem woxalm following formalm
fixation or 1s Benslev s neutr i gentiin the 7y mogen granules are the most
promment clements of the cell  These g1 mules sary m s but i furh
orwe  Cherr orimm s still i & pute 1eng 0 nadered as mitcchonder d
deris wtnves products of the Golgs 1pp tratns o of the Ciromndil substance
T'ven the nueleus has been thought their source

Oceastonally there are seattered foct of cells ranging from 2 porfion of
an nemus to several adjicent acm n size which stand ont markedh
acidophilic with eosm meths lene blue stumng  These cells hve 2 clear
homogencous ey toplasm and apparentls do not contun either zymogen
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granules or chromidwl substance  These are more likely foar of exhiusted
cells rather than focr of necrcws They throw some hight on the cupposed
transition of acinar to 1lind trssue s a0 cwal exunmation of & section
they stronghy resemble rlands  Towever, these cells never contun the
specrfic granules of the island cells 1od ther arrangement 15 10 no way
characteristic of 15linds  They are presumably dentical wath the groups
of eosmophilic cells deseribed by Hamper?® 1n vanous organs espectily
salinary glands parathvrod and thyrowd and called by him  onkoevtes
Curiously, Hamperl does not mention the pancrets m s latest prper ®on
“ onhoevtes ” although previously?t he placed some emphasis upon 1t as
r common site of these cells At any rate 1t wonld seem that little 15 to be
gamed by Iibeling the<e cells since by so doing no hight 1» cast upon their
nature or function

Island Cells —Ihistnibuted rrregularly m the puncreatic pirenchyvma are
the groups of small polvgonil eclls with homogeneous cvtoplasm first
deseribed by Langerhans®  These cell groups vam greutls i size but
most are between 75 and 175 miera in diimeter  The varsation i number
1 also greit  Bensley ™ has counted as many ts 56 000 in the pancreas of
the gunea pig and found an averige of 223 per cmm 1 ult gumea
pigs Clark? found from 250 000 to 1 750 000 mn the pancreases of non
dinbetie adult humans  Owing to variation i distribution even in the same
pancreas estinates of the number of isJands present are of but hitle s alue
‘They are suud to be more frequent i the tul thin i the remander of the
organ

A quantitatnve study of the pincreatic rlands wis made by Ogibvie ®
e used an mgemous method for caleulating the arer wnd weight of the
wlets by projecting microscropic fields on a <heet of paper tricing the
outlines of the 1slets sughing both the ntact sheet and the cut-out islets
aaleulating the volume by assuming the average et to be a spherc and
finally applying a formula to ealeulate the weight of 1et tissue in relation
to the weight of the pancreas  Torts five fields were examined from each of
39 panere wses from females and 41 from tmales rngng from newborn to
aixts fourvewrsof age  "The average weght of the pancrens mereased from
26 grams at barth to €6 grams for those over twenty-one vears of age shile
the average total weight of the 1linds mcreqsed from 0 12 grams at birth
to 107 grams for thost over twenty-one searsof age  Towerver the msular
weight v wries through a wider ringe than does the total pancreatic wesght
For the first two verrs the rates of mcrcase of 1dands and of total paneres
are parallel and greater than the rate of hody gronth  From four to taelve
vears of age the rte of increase of iet tissue 15 about one-half that of the
total panercas and the body as a whole but at adolescence the rtes are agam
equal

After the third vear Ogilvic found the number € 1l inds to nmmun farly
costant the wetght of the average 1 ind nercsmng from 0 0y at birth
to 1465y i adult ife  The waght vanies over awrde rimge even i adults
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from 0478y to 2 73%y  When the 1slands we rdatey v few, or when they
are more numerous than werige thev tend also to be small T arger

117 226 in avear-ol |
Many pancreases
wult hfe contun about 1 000000 islands but the fipures v v nearls as
widelv as those Just given  Heiberg®® estimated that the ilands made up
wpproximatedy 3 per cent of the pancreatic tissue  Bargm nn® gaye counts
1 5 adults varving from 208 309 to 1 700 000
ihe most ciretul quantitative studs of the wlands of Tangerhans
thit of Tejung 7 who followed the effect of dict on the volume of the
islet organ 1 rits  He used serial celloidm sectiona 30 mucra thick of
the ewrefull weighed formahin fixed pancreas projecting and tracing the
islets i every tenth section and applung the mathematicil methods of
Wachsell for Cilenlating the volume of ellipsoidal soluds  He found a defimte
correlation between the total «lume of the 1lots and the numerteal and
volumetric distribution of wlets of different magmtude  He also found 1
positive correl tion between the size of the 1slet organ ind the pitwitary
and v sex differcnee 10 thit the female rats tended to have a larger 1let
organ both on norm 1l aind speaial diets  His results on the size of the islet
argan as mfluenced by various diets ave of gre 1t interest aind are summarized
i the accompany ing table

Tasin 3 e Trvme?) Vol ME or Intkr Travt £ oF RaTs Fximessyn v
U mv $ER 100 6y Bopy WEiGHT

1 gk High High Nat ral
Carhol yd ate Prolein, Fat e
Males 0711 = 0022 0504 ~0028 042 =002 0673 =002

Females Q08R = 0028 0634 =003 0504 =007 042 =002

Tejnng 7 has ontiazed (and appirently with some validity ) the work of
W pravions investigators in the quantititive field mcluding Bensle ' and
Ombvi ¢ 1 mvolusg techmod errors wadequately contre lled wunal
mateens] «r ungustihed mathem itic il wsumptions  Lor the detals of his
wrguments ind methods tdference shenld be made to his paper - He his
undoubted!s mude vy duable contribution i his artical survey of the field
and tus emphass on the wdreme eare thnt st be ewrcsed m order to
obtamn yalid results 1 this diffieult line of 1y estigation

Methods for estunating the vclume of the 1slets i small ammals have
also been described by Mount? and by Hant efal ™ both molving pres»
ng the pancres Letween glass plates (the Ixtter wthors 1lw using neutral
red mjection) then projectng % 1th 2 micro-prov tricing the 1slets and
ealanlating the volume and weight of the 1 ation te the whole
T hese methe * oly subpe ng s cnticram that

Ma fied  Lhe work
Chapt

panereas
all the slets especalls
of Hast et ad 15 disent

n
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Susman?® appled a somewhat smular method to paraffin sections of
human pancreas (see Chapter 3)

Ihompson ¢f al ,* from a study of the frequency distribution of the
volume of the 1stinds m man monkey, and dog hvpothesized that no nes
sslands are formed nfter prenatal hfe

Until the work of Bensley the distmgushing characteristics of the
1sland cells were chieflh negatne the most important bemg the absence
of rvmogen grinules  Specific granules had been demonstrated i the
sl cells by Laguesse™ 1n 1806 and the presence of tno different tvpes
of cells hnving been detected by Schulze® and Diamare ™ the path for further
study was opened by Lane # who devised methods for distinguishing the
two types of granules from one another and also from the zvmogen granules

Two types of 1sland cells are commonky recognized the « cells and the
8* Unstamed the granules of the two different tvpes of cells cannot be
distinguished from one another The grenules of the a cells are stamed
viokt by saframn wad violet following 1 we s chrome-sublimate fixation
and the 8 grinules are stuned red VW ith the sume fixation and acid fuchsin
after the neutral gentian stam the « cells are red and the 8 cells violet
Vath the modificatron of Mallory s anthne blue whichwe have found very
useful, the @ granules are staned red and the g granules are stamed bluish
purple  (See PlateI) This same result 1 obtuned by Ukmi s stamm Wath
Gomori s chrome-atum hematoxyhin stam the g cells are gray-blue with
* - arious
A . © e ssland
cells were not preserved or were not stamed the protoplism was fineh
alveolar and that as post-mortem degeneration progressed a coteser aks eo-
lar structure appeared  This hes an important bearing on the question of

hvdropic degenerition

In addition to the presence of specific granules the tvpes of nland cells
tan be distmgished by nuclear eharactenistics Both types of nland cells
lack the promunent nucleus of the aanar el The nucla of the a cells
are poor 1n chromatin and are usually ov 1l 1 outhne  he nucler of the
# cells are usuatly <phenicil though ~ometimes slighths oval and contan
relatively large granules of chromin  In addition to these two types of
cells eclls are found without granules whose nucler elasely resemble those
of the a cells  The 8 cells form the greater bulk of the 1sland ~ Gomon
one of the leading students of the pncruas states that i normal human
nhinds about 60 to 9 per cent of all cells are 8 cells 2 to & per cent 1 cells
and the rest a cells

* lane ® who gve the first definsuve desenption of these cells called the cells hurh
he thought were fixed by alrohol * & celle and those fixed 11 by aqueous chrome
rutlmate soluti n 8 cells  DBensley ¥ writing shorth afterward ealled (hem A
and B There secras ta be o tendeney n the recent Furopean ltersture to use tie
latter nomenclature  However mnce 1t 14 customary i this countrs tospeak of  alpha

an] beta cellc we have of wen to use the Greek intters
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In the guinct pig Bensle ! found no definite arrangement ¢ f the « wnd 8
cdismtheslands  The il oceur without defimte arrangement mshand
of thc hum in panercas although the e ¢dls appear 1 ttle morc frequently
at the panphery of the shinds

Tschasson nihow * suggested that the o cells were mtermedite between
the acinar cells and the 8 cells  However Benslev! has shown that the
occur 1n lirge nunbers in the mterstitial 1slands which are deyeloped
directhh from the ducts they are present m the mterior of the 1] ind as well
1> at 1ts periphery they are present in the actm of newbornt gumen pig
without B cells and thev disipperr from the acini within the fiest week of
hfe without anv incrense 1a the number of 8 cells  Bensley e ncludes that
the tso types wre mdependent and thit eich deselops from an undifferen
trated duct cell  Bloom™ found = tvpe of cell which one of us (S W)
described 1n the first edition of this book (page 36) to be so constanth
present that he described 1t a5 2 third 3 pe of 1sland cell the D eell nhich
15 about «s frequent as the a cell The D cell granules stam light blue fter
formaldehy de chrome-sublimate fixation nd the Mallory azan stan®

These obsersations were confirmed by Gomor® who stated that he funi
defimite transition forms between the I and « cells  In three papers®®
this ruthor has gnen an admirable summary of the applcition of speaific
stuning methods to the pincreas of numerous anumals 1 well wman  The
D cells are not demonstrible with the neutri! stuns of Lane Bensley and
Bowite nor are they shown by Gomor: s chrome-nlum hematox it phloximne
stun which 1s however excellent for distingmishing the two maumn cell
tipes Thes are shown by kis new aldehs de-fuchsm trichrome method

In addition to the granules the 1sland cell contun mtochondria which
appenr as delic1te filiments and fine granules They are scattered through
out the ecll m muched contrist to their concentrition at the base of the
acmnar cell  Among the granules of the 1sland cells are hipoid droplets and
also clewr cnals which mw be identified by appropriate stuning 2> Golp
apparitus

PS Lear\® hus followed n rrro the formation of vicuoles within the
tsland cells and the mgration of these v weuoles toward the crpillary end «f
the cell where they gridually decrease m ~wme It 15 pos ible thit the-e
inay be secretors vacuoles It may be that the ippearnce of hydrope
degenerition 15 due to the formation of large numbers of the e vacuoles
and tn view of Toreson s work crted in the next chapter the possibilitt
of their containing gh cogen must he considered

Saguchp® has disgcnbcfi 1n the frog s pancre1s five types of 1sland c‘ell:
which have transitional forms between certam of them  In human fisw
we have been unable to parallel Saguchi < £ pes

7l hroughout 41 representatnye mummalian spectes Thor

« # and D cells 'The C cell occurs (nly 1u the gumea pig
species the size and crgnization of the nlands differ widelr

mas' hs found
Tn this range of
Differential
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stunmg 1> alwavs pecessary to wentifs the cell types 15 saze of both el
and granules varies except within 1 fos <imall groups of mmmals

Gomorr® paints out the possibality of confuston w her the so-called Man
howsht cells are present  These e probably degeneration products of
aunaredls They contun acklophihic granules finer than 71 mogen griwnules
but coarer than o granules  Certamn stamns permut their differentiatron #
Thev are perhaps 1dentical with the onlocites mentioned above

Mitetic figures are ocetsionally encountered 1n the 1sland cells of normal
pancreases  The occasional presence of mitotic figures in the g cells may
he regarded as evidence agunst the transformation of « mto g cells  (See
below }

Well or even poorls circumscribed istands do nat mahe up all the n~alar
tissue  Wath the ud of spectal stuns very small clusters of otherwine 1l
defined cells are distinguishable among acim and duct cells

Vasson® demonstrated no argentaffin granules 1 wlwd clls and
OLews and Womack® point out the importance of this i differentiating
4wnd adenomas from intestinal crrernonds

While u true argentaffin reaction (in the sense of a substince wathin the
cell uhach tself has the puseer of reductng sils er without the addition of ans
other reducer? %) 13 not present 1n the nlets siver topregn wton methods
mav be effectivels applied to the iets  This was first chown by Prazza
later by Lasowsky % Nagelschmidt 7 and Ferner © The l1st-named author
his carned out extensive studies with the Gros-Schultze method and on
the basss of these has buudt up a theory regarding the relation between the
tno main cell types  The essence of Ferner s argument 1~ that the edls
which are impregnated by the GrosSchultze method including the a culls
and vanous ells scattered among the acm «ngh ar m groups 1w the
connective tisste and 1n the walls of the ducts represent immature { un
refen ) endocnine elements which are capable of forming 1 let tisue 1e
Bcells In fetal lfe these  sthver cells  are ~een m small buds projecting

from the ends of the growmg glandul ir formattms aml as peg Iike excres
cunees from the ducts ! ventualhs the earhy slands round off and develop
& core of nommpregn ited central 8 cells arcund which the silver cells are
“till arranged m Tie  In the newborn the siher cells and the rlets are
much mor nmerous th i m the adult but according to Ferner this makes
nu differnce physiological termy sice the siver culls are regarded s
vonfunctional * resting forms which act merly as precurors of the 8 edlls
A3 evudence in aupport of this argument he offers an experiment in which
fongcontinued admmistration of tosulin to guines prgs reulted a0 10
eruse in silver clls, reflecting a reveraon to the resting ~tage because of
Tk of demand for msulin praduction  He alwo suggests that the sime
thing m i oceur m m nttion ctting the ease of 8 voung cxecuted woman

* Mon revatly Burner scenw ta have m ahfi «f thes view sorenhst and 10 Fave
seeepied the ) vpntl cais that tho a1l Tay | roducy & hormo s (see below)
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stuning 1 alw s necesary todentifs the cell types as <ize of both cells
and granules vanes except wathin 1 few small groups of mammals

Gomort® pomnts out the possibilits of confuston when the so-c lled M
Rowshi cells are present  These are probibly degenerttion products of
acmar cells  They contun acidephilic granules finer than zy mogen granules
but coarser than « granules  Certawn stans permut thewr differentiation *©
They are perhaps identical with the onkocytes mentwned abose

Mitatic figures are occasionally encountered 1n the islnd cells of normal
pancreases The occasional presence of mitotie figures wm the 8 cells mu
be regarded as evidence against the transformation of & into 8 cells  (See
below )

Well or even poorly eircumseribed 1stands do not make up all the msular
tissue  Wath the aid of special stains very small clusters of otherwse ill
defined cells we distingmshable amang acin and duct cells

Masson® demonstrated no argentaffin granules m nlind cells and
O‘Lean and Womack® pomt out the importance of this in differentiating

a0 .

«ther reducer? *) 15 not present 1 the slets silver impregnation methods
may be effecticely applied to the islets This was first shown by Pruazi?
later by Lasowsky ® Ngelschmidt *7 and Ferner 7 The last named author
has carnied out extensne studies with the Gros-Schultze method ind on
the basis of these has built up a theory regardung the relation between the
two mam cell tvpes The essence of Terner s argument 1~ that the cells
which are 1mp d by the Gros-Schultze method including the « cells
and various cells scattered ameng the acim sigly or in groups m the
connectiy e tisste and m the wills of the ducts represent immature ( un-
reifen ) endoerime elements which are ¢ipible of formung tlet tissue 1€

B celly 1In fetal Life these silver cells are seen m small buds projecting
from the ends of the growimg glandular formations and as peg like exeres

cences from the ducts  Fyentuallt the exrhy nlands round off and des elop
& core of nommpregnated central 8 cells uround which the silver cells wre
still arranged i lvvers  In the newhorn the silver cells ind the islets are
much more numerous than 1n the adult but iwcordmg to Ferner tlus makes
n> difference n physwlogical terms since the silver cells are regarded as
nonfunctionat * resting forms which act merely as precursors of the g cells

As evidence 1 support of this argument he offers an experniment 1n which
Tong-continued admmmstration of msulin to guinel pips resulted 1n an m

creasen sihver cells reflecting a reversion to the resting stage because of
lack of demand for msuln production  He also suggests thit the same
thing may oceur m 1nmtion citing the Cise of a young evecuted whman

* More recently Ferer scems to have modificd this view somewhat and
actepted the hypot] s that the a cells may produce s harmor e (see bel

-
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who had apparently been starved in prison and m whom he felt be could
demonstrate an mncrease mn sth er cells

Terner seems uncertam as to the relation of the silver cells to the  clear
cells of Tevrter* Apparently he fecls that the clear cells may precede
the silver phase  He rejects the 1dea of Frspamer® that the silver cells of
the pancreas are essentially identical with the preentero-chromaffin cells
of the mtestine ind points out that there 1s o fundamental histochemical
difference m that the enterochromaffin cells have within therr ¢y toplasm
the property of reducng silver silts wherets w the panereas the silver
cells require the ipplication of an added reducer (such as formalin) to bring
out the renctton  Streth speahing the term  argentaffin - should be
restricted to the former type of cell 2¢ that which is impregnated by the
\asson Fontana method without the addition of a reducing agent  (See
Gomon #)

Presumably the silver cells of 1erner are identical with the muddy
{ truben ) cells which Nenbert' describes as progemtors of the islets
the fetus

Ferner also demonstrated that the « cells would give 2 positne vitamm
C reaction by the method of Giroud and Leblond The significance of
this 1s obscure admmistration of vitamin C to a guinen pig did not appesr
to cause an increase m these cells  Whether this finding 15 related to the
supposed hy pergli cemic hormone of the « cells or to a corbic acid diabetes
1s unknown

Ferner s conclusjons are accepted apparentls completel and without
question by Hess# Others however bave shonn more shepticism
Creutafeldt * and Bargmann and Creutzfeldt have questioned the abihity
of « cells to turn mnto 8 cells they pomnt out that if this were true one w outd
expect to find evidence of 1t m alloxan diabetes but on the contrary 10
this condition the g cells have been seen to multiply by mitotic division ** “
Terbruggen® # notes that mtotte figures m1y 2lso be observed in the 8 cells
of adult humans (see alo Warren and Root®) and that i some sslet
adenomns the @ cells appetr to spring from nongrmular precursors He
prefers to regard the « cell as either a resting phase of the wslet cell or 832
special cell system  Finally the wise remark of Gomors® man be ated that
1f one 1 to postulate transform wtion of one of these cell tvpes into another
one should be able to find transition forms contanimg both ty pes of granules
1 the evtoplism  Using this eriterton Gomon*® was able to find plents
of evidence for transition forms between D cells and « cells but none for
transition between « and 8 cells

Recently Ferner and Stoechenws®” have supplemented Ferner s nrl;;r
studies with an mvestigation of the deseloping fetal 1slands usng chefly
the chrome-alum hematoxylin and phlovine method of Gomor: They
deseribe & stage which they call the mantle 1land  where there IS{:
peripheral mantle of « cells surrounding a central nUde“S"’f B cells 'w: od
an wteryenng laver of cells with a b g T
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cytoplasm  Fhe latter cells thev mamtam represent transition forms
between « and 8 cells  They also describe the o and 8 cell s showing
nuder differences which are very strhing mn the guinew prig much less
50 1n man  Yerner has also written a generil review 8 with particulr
emphasis on the hipothetical glucigon or H G factor  supposedly
produced by the o cells thus apparently modifsing hus earlier vies noted
abeve thit the a cells are nonfunctional 1mm tture precursors of the g
cells

Transition Theory Lhe possibility of transttion between wlind and
aanar cell 1~ obvtously of grett smportance particularh i the dbetic
pancreas  Ifomever there 1s now Little but historicl interest i the ques-
tion thanks particularly to the masterly studies of Benslev  The evidence
brought forward by Laguesses? and others to support the transition theory
faded before the demonstration of specific granules in the 1slind cells
Saguchs ? held that the granules of the @ and 8 cells do not take =ictive part
1 the speaific secretion of the 1sl1ind cells but that the F cells with ther
hipord corpuscles and urano argentophile apparatus are the most impor
tant  He further believed® the acinar cell may possess an internal secretion
and that the acmar cell may change mnto an nland cell with changes not
only of the cell bodv and nucleus but of the mtracy toplasmic structures as
well  Much of his work was based on the frog and has not been confirmed
for other species

Otan® has also endenvored to revive the old controversy basing hi
evidence for transition betw een the islands and the acini not so much upon
the specific character of the isand cells 1s on the arrangement of the cells
and the relations of the wslands to the acim layving special stress on the
absence or presence of the capsule

The existence or nonexistence of a connective-tissue ¢ ipsule about the
sland has been regarded as of importance by many in determinng the
entits of the 1sland-cell group The hapsul Frage has been hothy con
tested  Tlowever the frequent occurrence of in imperfect connectiye-
tissue capsmile 1s undentible  also tts usutlly meomplete chircter A com
plete ¢ mectne-tissue cap ule v wwilh the st wign of v develcping
fibre <1y

Hartroft® notes, the frequency with which reduplicition of the capillary
bisement membrine mu be found 1n the ditbetic pinereas it (onnective
tL sue stams are applied

Otani * recogmzes three type» of 1sland structure

1 Vost common 1slinds connected with surrounding yam
2 Idands connected with ducts
3 Tenst frequent wlinds strictly sepirated from the surrcunding
structures

In the same pancreas he finds wide variations w size shape and relition
«ftheistinds  In addition he behievest that acinar cells are able to change
nto y Jand cells and that the process of hvpertrophy of the wslanls of
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Langerhans i the adult pancreas 1s mostlt due to transform iticn or hr
plisia of acinar and centro-acinar cefls  Ie does not consider the 1 hin
ts constituting an independent tissue  He alvo concludes that new § rma
tion of the 1l inds of the adult pincres may oceur by transformation and
hy perplisia of acinar centro-acinar or duct cells The striling experiments
of Ukai® have emphnsized the ndependence of the istind tissue frem the
acim and have also shown that the msular eprthehum 1s apparenth pos
sessed of greater resistance to myury 1f not greater powers of regeneration
than 1s the case with the acmar cells

Recent authars (¢g Gomort® Terner ? Hard ® Bargmann ) seem to
place little h on the possibilits, of tr 10n of gemar to 1slet
cells atleist in the adult  Neubert* demonstrated the origm of sslets from
the end pieces of the glands i the fetus Yughes® apparent]y beleses
that he has demonstrated actno msular transformation m the rat by gra led
doses of alloxan after which the smaller more sensttis e § cells are destroed
and replaced fram the periphery by large 8 cells from the actm thus pushing
the « cells townard the center of the wlet and reversing the usual arsange-
ment Here agun one mav 1pply Gomon s enterion and attempt to find
cells contammg both zymogen ind rolet granules  Judged by this standard
which of course 1s nut necessarly a valid one most of the reported work

holding acino mnsular transf 1on must be questioned

Blood Supply —One of the most strihing of the grosser proofs of the
autonomy of the slands and one of the most unportant facts frcm the
standpomt of therr functon 1s their peculitr blood supph  Whereas the
acinar tis ue recenes a hiberal blood supply from the lobular arteriole with
its mteracinar capillaries the sslands recene an extraordimanils rich suppls
and have wide anastomosing siusotds 1 almest glomerular arrangement
courstng through them This sinusoidal net 15 usually fed from one or
more artertoles but sometimes 1s in direct contmnts with the mteracuet
capillaries A detatded studs of the pattern of the msular cureulation 88
grven by Bech and Berg # and Beck and Peterson® hwe dumonstrted 8
particularhy rapid blood flow through the rshinds  The capilanes of the
sslands are thin w lled and usually without fibroblistic supp 1t Inacase
of marked chronte passe congestion <hown to one of us ( W) by I
S B Wolback ths rich supply 1s even better shywn thin by nyection
preparations

Nerve Supply —Between the tsland cells are the termiations of nun o
ous nerve fibers which form & networh around the sslands®  Fen-a
detected numerous nerve fibers entering the wstands with the bla wlves :ls
and distributed along them and between cells  These fibers he fett to be
different 1n npumber and arrangement from those ~upphtng the aam
Sumilar conclustons were reached by Ritter# Rarely smalt gangha are

tered  Yaciman les are present in the human prncreas and

e \ery of the eat

h Slmnrdc“:le;ofn:;:h; cm:em studv of the so-called neurm ular com=
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plexes 1n various mammals including man  These bodtes consist of an
mntimate association of nersous and epithehal elements and are situated
i the inter and intralobular septa  Thes differ i the relative number
of epithel al and ganghonic components  The epithelial cells are 1slet cells
Foth @ and 8 tvpes  Simard seems to think that there 1~ scme evidence
f rrenewal of the e complexes by 1c1no nsular transformation He regards
them as  metasympathetic paragangha  and suggests that thes mught
te chemoreceptrs  He apparenth belteves also that the epithehal cells
may be transformed mto ganglion cells

Lxcellent genertl reviens of the citology of the pincreas have ben
written by Opie 8 Gomor1 ¢ and Bargmann ¢
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Chapter 3
THE PANCREAS IN DIABRTES MELLITUS

Few diserses definitely associated with any one function metabolic or
otherwise show as wide a range of concomitant pathological change a-
does diabetes—or as frequent absence of demonstrable pathologteal change

Tirst the demonstrable pathologs 1n the 1slands of Langerhans mav be
considered  These changes may be qualitative or quantitatne  To 1
pathologist qualitative echinges are alnavs more nteresting and these will
be considered first

QUALITATIVE VARIATIONS IN THE ISLANDS OF
LANGERHANS

AR - B o

the 1slands are as vet in controversy  In the excellent review by Opie * one
viewpoint 15 stated as faxoring an eprthehal nd hence intracellular ongm
for this hy aline substance while the other feans tow 1rd & mesobl1stic mter-
cellular angm  Weichselbaum? heliex ed the by aline change to be secondary
to fibrosis pud = result of fibroblastic actrvity  Mallorv* in 1 few mstances
succeeded m obtaining from 1t tvpienl staming reactions for amloid and
others have confirmed this (ser belon)

Obviousls 1t 1s nmportmt to know whether the nland cells are merely
being replaced by hy 1lme dern ed from their onn substance after succumb
mg to some injury or whether thev are being strangled by gradually in
creasing deposits of hyvahne laid down in and about the stroma of the
1slands  Or i cruder form 1s hyalmization of the islands the result or the
cuse of diibetes 1n those cases in which 1t 15 present®

I thes hyvaline were epithelial m onigin and 4 product of degeneration of
wland eddls we should find 1t as commenly m young diabetics 15 i old and
we neser should expect to find 1t m the absence of diibetes However of
200 cases of hyalimization of the islands m drabetes studied by one of us
(® W) 97 per cent occurred m indimnadinls over forts vears of age At
this age hualine dianges begin to De noted . the smaller bload veseels
partreularly those of the spleen an orgin which meidentalls ltes i almost
the sarne vascular ciecwt as does the pancreas

In spite of this preponderance of hyalmzation of the 1slands in the older
age groups cunoush enough the first ¢1se to be described (Opre!) showing

(31)
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this Teston was that of 1 gl nged seventeen sears whose dibetes began
two vews before death

One of the arguments hrought forward m fvor of the eprtheh} omgm
for inabine w the plands 14 that with Mallors < amhine bhise stam certun
of the sshind cells 1umed to e thost which Tter will he re placed
hualine stun mtansels blue wd that Biter masses of by ahme appear i
them which ultnnatels fuse formumg frege msses about the < spsilases
Oncof thesc cells s shownm Vagure 3 Inm i ¢ ises of dad etes €% wmnad

Fic 3 Idland » ow ng large legeremting et No Jol5  Female sged fortv-ontt
veam Duratuat of 4 fete threr s ars Mallors samln blwstam X

m this Fboriten Bl stimng, colls suntd e to tho « destnted Cant be
seep provided the tistte 1 fresh and the fixatun satwfactors As a rub
thev are sameahat wregularh dwtnibuted through the subst et of the
whads At other pomts small mrwes of hy thne e be seqs Heonever
amilar blue-stamed cells can be found i the 1 Tinds of nondrbetic 1o
viduals wd m shinds sineh shaw no trace of nalmration 1e blue
stuned el ocenr o wttesed thronghont the 1 bind and ¢ oot show te
defimte rcd wionshup to the 1lood sessels that the Ty dne dots Thest cells
have been pamed 1) cells by Bleom *

Althongh adouttedh unrebiable the stuming reactions f s Inabne
thraw some further hght on tte natarce  In the finst place out of o (-w-;
f hnalimization of the wshinds smtabhy fived folloning the suggestion ¢
Dr £ B Mallorn oneof us {& ¥ ) wis ble 1o domonstrate A ¢ ne
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amvlord renction with methy 1 s 1olet or jodme green tn 14 Recently <everal
mestigators have given considerable attention to this pomt  Gellerstedt,®
chiefls on the basis of studies with the methhI violet reaction concluded
that the hy \ltne 1s actutlly amy loud and that the condition should be called
msular (prra)amyloidosis’  Tle holds that the peculiar locilizttion
the tslets 15 to be regarded as one mamfestation of so ¢alled sele am loid
deposition which he looks wpon as 2 common phenomenon stating that
careful search will reveal umyloid m the tissues of around 45 per cent of
males over 50 vears of age 1 an Beeh™ made similar observations  Arev®
and Ahronheim® also hold that the hyvaline found 1n the 1slands of diabeties
15 actwally ” or “an all probabilit  amyloid basing their conclustons on
the usual stamming rewctions  The fact that the hyalme 15 deposited m
contact with the walls of blood vessels m the xslands as noted m previous
editions of this book, 15 emphasized by Arer,* who found hivaline in the
pancreases of 16 6 per cent of nondiabetics and 71 7 per cent of dibeties
over fifty years of age  He states that the hy iline of the islets may not
be 1dentical with the amyloid in the liver and spleen 1n cases of generlized
amyloidosts  smce 1t g es 4 somew hat hghter stain than the ustal 1 Tord
with methi] violet hematoxltn and eosin and the Mallors-Ierdenhain
method  Ahronheim® found the hvalme more abundant i the 3 ounger
ohese group of diabetics e obtuned postne reactions i 67 of 103
diabeties and m 5 of 50 nondiabetics of stmilar age  Many of Ins pattents
n both categories had hypertension  He emphasized that amiloidosss of
the 1slands 15 an isolated feature not wsually assoeciated with amslod 1
other tissues

The entire concept of tvpreal amvlod  or paramloid 15 an exceed-
ingh \ague one 1 Tor instance Bauer and huzma® state  The term
pramyloid signifies the atypienl distnibution and vanable staning reac-
tom of 3 hyalm ke matennl  Such a defimtion obviousls allows for
the incluston of a variets of substances of diffcrent chemical nature

Ring* pomts out that 1t 15 illogical to classfy amylod - primany
and “ secondars  and prefers the term  tvptedl and  atvpiexl  basing
s classifieation on anatomic distribution of the depost He also describes
asmple silcr stamn Amnylowd muy well be a protemn of vanable compost
tion the various stans reacting with different prosthetic groups *

Perhaps as suggested by one of us (5 W #) atypil amylodoss s &
reflection of dysfunction of fibroblasts  Jones and 1 razicr” found an nta
mate relation between reticulum fibers and amlowd depouits  They note
210 that amvlod stuins red with lukofuchsin and suggest thet it may
Tepresent 1 mucopoh srcchande combmerd with 4 vancts of different pro-
tems (including those of reticulum as well as tho ¢ mohed i antigen
antibods reactions)  (See Chapter 28 for further discussion of this concept )

Certamh nmlowd 1 frequenth associated wath hvperglobulmemss
(ledum) hut to sewume that 1t 15 smply cxeess globulin deposted from
the F ol strcam weald secon unwargted in the present state ¢f onr kool
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where hvpogls cemiurather than dibetes exists further confirm this vien-
pomt  Meissner has found h aliwe quite constantly 1n functionnl adeno-
mas hat not mn the nonfunction it ones (Chapter 22) and suggests that
1t ma be related] to the secretion of insulin rather than representmg  de
generation

Thvahine degener thon 1= most common 1 older diabetics as his trewdy
been sud and m midd ditheties  In our miterial 6 per ecnt of the ¢ ises

Tt 4 —Farly hvalmization of wlar 1of Lar gerhans MO™1 Mal oy sty mx e
Durati nof d ibeteef mteeny s Joan methnd ue blu san - X 170

through forty vers of age showed Ty alme, as 1gunst 13 per cunt of thost
over forts vers of 1ge  In carefullh studied casts dehmteh hnown to
hase had dibetes over ten vers 50 per cent showed by alintzation of the
wlands of T ingerhans

A stribmg fo sture 15 the unequal my el emant of the linds m the <umc
pancre 15 <ome hemng converted to completely by tlmized masses with onb
afew fibroblists ind capillars endothelil cefls present while others muy be
completely sparect  Stilk others show var mg degrees of tran<ition between
these two extromes  This secms to pomt to erther strhing iequaktics of
wohement or to the replacement of destroved rlmds by new ones

Trequentls the msulir epithelitm docs not tamels subanit to the by s
masion hnt s the by aling sopartes the ells from therr bload supph and
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Fre 8 —Pancreas showing large numbers of hyvehine sstands  US4-1, Female
aged forty nine years  Duration of dialeetes fifteen years

9 Blond e lts n st
@ —Fxtreme hialunzation of whind of Langerhaws  Note |
xn&:t camillaries  MOT) Male, aged sntr-eivvewrs  Thaaboies of fourteen 1ears’
duratson  Phosphiotungstie acad hematovihin statn X 370

(33)
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13 describeg by Talloy « and Another by Gibh and Logan = medero :
States thyy calcx{icauon 18 EXtremely Fire

€ Most Temarkable C1seof Calesfica oy of the 17 nds 1y thy, f Fischer 3
The Pittent, o eighteen 3earw), boy, died 1n Oma aftar ¢, piea} JWenge
etey I ¢ d

na:
UL Surface ] many mmutenbnespots Thesep Ved to
hxahmz&’d 1sland, Mamy of the wshands “ere Iarge md the were yep,
Numergyg throsg a3 well ag by almlzmtwn %83 present While the pap
reas ypq Somey hye ﬁbm(xc, the acyp, Rere noy d'xmnged

f

IImhmznnon of the sshnds Ngerhans 4 hight of the forc[mmg
€Udence Isidered gq ue esther ¢, N oy, I'¢ Param, lorg Jor
P f Interceliyl,, Stubstance b fip, 5t ang Possibly ",
ndothelya 1 Proces peg,, S Sufficiengl, marked ¢ estroy
‘Pithela] cells op 4o sep: h Tom the od streqm

brane 11betes Wl dey ), 8 of

Pathojog, af Uct usyaly 2bpears the

ke hyahne tlucl\emn;: of the

€ P50 fop € specific 1y, oh emeny
14 tissue 1 Dficult ¢ nterprey althoygy
9% provide ? clue

“~§§( fg
o/ & 33
+§gs§gss
++g“3 J iz
++;§:E¢,§~
==§§&§V~l
\l\~4 3
1 1]
L)
4+ I
nra i
ﬁlSﬁl 2
50:'1‘4 1
'l"!ls‘lll




4z THE PAYCRIL~ IY i

Thrmush e eures of De W L Bramfe coe of 2218 W) wa able
o exvamne the paperes of a dabete miar of fur—ez o o, Jt howed
4 remardable preurs of iy arivowdess Tedooees B oram Blands,
tether widh «wme empiovyas sl S of 22 Tt v Basd

Vor Meyeaburs culs tre prerre L Lrmmheertis S msee *inalii”
amd 3tTbuces 1w ot Qe wuimde sboes the piNe presence
of ytireergnerad mumps i o of T cie,

g
Bl it Mazkal hmphooas mh

B
Pargihann MU VR, gl 0 it v TR o St eeten s -
N e ikan B an N RO

Tedmepwe Chazgs, (e of e daberis kel et dRak of ‘_\‘\-n-
Boredon o e et eamdnt b Rydveie chanoe, doerd ed
s It rer eemhiasiond by Aen ¥ Mt Nof

o Wendetha "t e g X : o
:‘:;w et werk aad e edees Aee™ pemnded ~
of L 1apustane e e &T e )
S I peesenee 3 wE

dubetes .
S I e ™ Prou
SO Tadh e the avide, <

and daiea dm!\:{\\
“(n Tt egdsx O

consequen?t BRIV RIS W



QUATTTATIVY VARINVTIONS IN ISTANDS OF TANCETHANS 1

{E) Irom a broader physiological standpomt 1t offers the only proved
example of anatomical brethdown of cells due to nverstimulation of an
nternal secretory function

There has been no question from the early expeniments of Allen®! and of
Homans® to the present time that hydropic change 1s an 1mportant lesion
m experimental diabetes (See Chapter 20) There are so man; factors
to be considered mn humn diabetic maternial however that its mterpreta
tion 1s more questionable there

The striling feture of hydropic change 1s that 1t appears to be not the
result of injury but of excesstve functional stram  Most of the intracellular
reactions to anjury short of necrosis are represented by the liberation of
fatts or albummous and related substances from the protoplasm giving
the pictures L d hed 1 1b

3

as fatty de-
[

I (] (N 1 "

o
until the cvtoplasm of the cell 1s apparently replaced by a waterv fluid
leaving the nucleus alone 1n the embrace of the distended cell membrane
Apparently this change 15 reversible m its shghter degrees but once
fully e tablished leads to the atrophy and disappearance of the cell in
volied If the work of Toreson (see next sectrion below) 1s confirmed and
1t 15 found that the hyvdropic appearance of the cell 1s actualls due to
glycogen then much of the difficulty m the concept of reversibility of the
lesion will disappear

Tt 18 striang that this response to functtonal o1 erstram 1s umque among
the en locrine glands and indeed ameong ll the varous organs  Perhaps
the simplest physiologieal analogy to the pancreas i diabetes nould be
the thyroid m cases of my xedema et 1 the thvrotd cells no such anatom:
il change dev elops

It1 rather difficult to explain all e ses of hydropic change on the baus
«f functional overstrun of the g cells In going over the earhier sertes of
dabetie punerenses (ne of us (5 W ) was struch by the frequent occur
rence of ppearinces suggesting hydropie change m mamy of the island
cells of tho ¢ pincreases removed oy er three fours pest mortem and the
comparative ranty of this finding i pancreases remoyed one hour or less.
Pt mortem  Allen® believes that  hydropic degeneration 1s demonstra
ble i the humn pncrens whenever diabetic svmptoms have been suffi
ctently ntense and prol nged but 1s ordianly missed i the muldest cases
He alo emphasized the importance of fresh tissue for 1ts demonstration
H wever as pomted out by Conros 1t 15 difficult to see hos a cell with
estoplism practicalls replaced by vacuolization or by ene large sacuole
oul{ through post mortem change acquire normal-appeanng c toplasm

Allen® aluo considers that the pathology of diabetes ndicates * the dia
betic pancrens represents m most cases a burned-out conflagration an the
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Through the coustesy of Dr W L Proudfit, one of us (S W) was able
to examme the psncreas of a djabetic mfant of fourteen months It showed
a remathable prcture of polmorphonuclear feuhocvtes tn many lands
together nith <ome Iy mphaes tes and fibrows of at feast one <t e

Von Mevenburg™ ealls the preture of h mphocy tie mfiltration ‘bt
and attrbutes it to overstrats One ssonders abnut the povwible pecssuce
of unrecogmeed mumps 1t some of these cases

brosss replacing 1ani of

- } shght
1io 11 —Marbed fmphoerise nfitration and dight fbross replacink van 5

Tapgerhans M932  Masle aged ninfeen vears  Duration ol
foun methylenr blue stam X 150

Hydropic Change —One of the dubetic lesions most difficult of (v{)z:)d-
h from the pathologieal dpoint 1 hy dropic change, deserd o
;n Weichselbrum,?? and further emphasized by Allen®* On (hellmzl: o
experuneutal work and elimical observations Allen® regarded this les
of much wmportance on the follos mg grounds ¢ actne
“(A) Its presence affords a positise mucroscopic duagnoss o
dirbetes )
“(B) It completes the proof of the t1ind theort of drbi
“(0) It adds to the evidence of the essential wlentity o
d ehinical diabetes
an"(D) It explamns the g t Jowenng of a 17 m dahetes
consequent upon excessne diets

etes
7 expersmental
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(E) 1rom a broader physiological standpomt 1t offers the onlv proved
example of anatomical breakdown of cells due to overstimulation of an
mternal secretory function

There has been no question from the early experiments of Allen* and of
Humans™ to the present time that hy dropic change 15 an important leston
m experimental drabetes  (See Chapter 25) There are so many factors
to be considered n human diabetic material, however that its interpreta
tion 1s more questtonible there

The strihing fe tture of hydropic change 15 that 1t appears to be not the
result of mjury but of excessive functional strain  Most of the intracellular
reactions to mjury, short of necrosts, are represented by the Itberation of
fatty or albummous and related substances from the protoplasm, giving
the pictures commonls described as fatty degeneration albuminous de-
generation or clouds swelling, colloid degeneration and so forth

The typical hy dropic change 15 totally different from these  The specific
granules disappear and are replaced by vacuoles, which grow and coalesce
until the o toplasm of the cell 13 apprently replaced by a watery flud
leaying the nucleus alone in the embrace of the distended cell membrane
Apparently this change 15 reversible n its shighter degrees, but once
fully established, leads to the atrophy and disappearance of the cell m-
volved If the work of Toreson (see next section, below) 1s confirmed and
it 13 found that the hvdropic appearance of the eell 15 actually due to
glycogen, then much of the difficulty m the concept of reversibilits of the
Yesion wilk disappear

It s stridung that this response to functional o1 erstrain 1s unmique among
the endocrine glands and, indeed, among all the various organs  Perhaps
the simplest phsiologic1l analogy to the pancreis m diabetes would be
the thyroid i cases of my xedem et m the thyroid cells no such anatom-
al change develaps

It 15 rather difficult to explun all cases of hvdropic change on the basis
of functional overstrun of the 4 cells  In gomg over the earlier series of
habetic puicrenses, one of us (5 W) was struch Iy the frequent occur
Tence of appearances suggesting hydropic chinge m mam of the island
cdlls of thowe panereases removed over three hours post mortem, and the
tomparative ranity of this finding i pancretses remosed one hour or less
Post mortem  Allen® belies es that “hydropic degeneration 1s demonstra-
ble m the human pancreas whenever diabetic symptoms have been suffi-
¢tenth mtense and prolonged but 15 ordnarsh missed m the mildest eases ™
He alo exphasized the importance of fresh tissue for 1ts demonstration

However, as pointed out by Conroy,* it 15 difficult to see how 2 cell with
evtoplasm practically replaced by vacuolization or by one large vacuole,
could through post-mortem change acquire normal appearmg evtoplasm

Allen® alho consrders that the pathology of dibetes wndicates “the dia-
Betie pancreas represents i most cases a burned-out conflagration and the
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chief or sole cause of aggrasation « f the con lition hes b Ir pie deger v
tion «f the 1slmds

The relation to duration of the diabetes 15 scmewht uncertamn but the
most striking cases of hydropie change which we have seen have been 1t
fulminating cases of diabetes of refatnely short durition Dr Tohn R
Williams guve the privilege of studying the pincreas of one ease of onl
three weehs duration which showed marked hvdroprc chinge  Several of
the ewrly cases of diabetic children with sev ere diabetes progressing ripidl
to coma showed suggestine changes tut post mortem change could not
be ruled out

” hydrop ¢ degencrat on  Note extreme sact

Fa 1° Pancreas showing apparent hydrop ¢ dege apte extreme a0t
86 Four hours pot

wodpa. ture s pol chrom

mi wepuess AW

It mav be objected that the ranity of bydrc pie change in ths series ‘Sonl
32 cases) 15 due to the large number of msulin treated cases on tleti fthh
that msulin by reducing functionil stran reduces the frequency ol

.
lﬁ]? Allen s statement holds that the chuef ¢a 1se of aggruvation of dl::e;:
Lies 1 hy dropic degeneration of the islands this 1s of great nmp(;rtl:: o
¢ the ahove nterpretation can be put on obsers ations from this labor®
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o weaceept funchionnl oy erstrun as the cuse of thes chinge and espedt
if the appearance 15 actually due to the preseace of gheogen (see bel
\ssigming to hyvdropie change such an mport wit role and finding 1t a
m ansubin treated Cwses the implic ttron 1s that such cases should not}
tolerance  However the chinge s nearly s rage m ¢ ises not gisen tnsy
{~ome dving before the Banting Fra <ome during 1t) 1s mn thowe trmt
with m-ulim

We bane sen pmereses from pre msulin eises of diabetes of sh
duration dving m com1 nd pancreases from mild diabeties dving fr{
artertosclerosis or mtercurrent infection after ¢w enty five or thirty vel
of habetes nd neither group showmg ey idence of hydropie change
cases of app wrent ndropre chinge were encountered 1n the control sers
and the histortes of hoth when cuefullh studied gave no esrdence
drbetes

In no cwe of the seres reported by Root apd Warren®™ w s hydropi
change posttively diagnosed € ontoy™ before the days of msulin foun
hyvdropie change i only I of 12 diabetic pancreases exhaustively studied

While the exsstence of hndropie change as 3 clexr-cut Jeston 1n expent
mental ammals and human dibetics 1s unguestionable nesertheless it can
be very closely simulated by post mortem change  Such a c1%e 1 well
shownmTsg 12 Severid times one of us (S W ) has succeeded m produc
ing \ppirent hydropic change by the simple expedient of leaving a p rtion
of normal pancre1s 1t room tempir iturc for eight or ten hours I efore fixa
tion  Lhe hip e of mansy hours bttween death and autopst i most of
Weichselbaum s cases mas hive some bermg on the frequency with which
he found the fesion

Glycogen —It 1s possible that the entire concept of hydropic change 10
the 1slands «f Langerhans mav have to be resised i the light of the new
work of Toreson ® which will require extensve study and confirmation

Tverwp ¢ v Prare 1T

n il od ) Lovel n an 1
¢ Y lan L of Langethans of normal ealbit - Comors s chrome slum !emato
pHox ne stam
17 Tsland of Langerhand from rabl t made y rmagentl dat ti Wit
conasts entarely of acells with the passib] exceptio  of three or four !

hoaltowan It
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Tlis mvestigator his shown that in at least some 1nstances vacuol ition of
the evtoplasm of the cells of the islands s associated with the deposttion
of glycogen  His results are particularhy striking m experimentyl immals
Through the courtess of Dr Toreson we have had the privilege of examin-
g some of his beautful preparations showing vaculoated cells of the
tslands loaded with gly cogen 1n 2 dog made dribetic with anterior pituttary
extract 1 a rabbit given alloxan and m a rbbt treated with cortisone
The glscogen deposits are masstve e demonstrible by hoth the Best
carmme and periodic acid-Schiff reagent methods and can hardls be at-
tributed to artifact Ve hasve heen able to confirm hes findings i a rabbit
grien massive doses of cortivone (Izgs 13 and 14)  In Plate IIT there
1 allustrated an example of hydropic change apparentls due to ghcogen
s indicated by the failnre to stamn with the PAS method after treatment
with diastase

In human maternal the results e less convinang perhips dne w put
to post mortem hyvdrolvsrs of the gheogen  In the preparitions which
Dr Toreson sent and 1n <ome of our own cases fine granules of glscogen
can be demonstrated (Plate I1T) which are remoyed if the slide 1< prev toushy
subjected to the action of diastase orsiin v However 1t1anot tnavs clear
that these granules are associited with vacuolition of the cells  Probabh
further work will need to be done to establish whether the microscopie
appearance shich has been ealled hydropie degenerition m the past s
actually due to the presence of gls cogen or whether gl cogen may not be
deposited with or without v icuolition m the cells of the slands as a part
«f the general disturhinee of carhohy drite metabolism m dibetes in which
eunse 1t would be antlogous to the similar deposits n the renal tubules
nucler of hiver cells ind ins epithelium (see Chapter 5)  If Toreson s work
1s confirmed  another point which will require clanification wall be the ques-
tion of nhy previous iy estigators who studied hy dropie change with great
tharoughness (e g Allen) did not encounter gheogen  One of us (> W )
has 1 the pist done mam stams for gl cogen successfully demonstrating
this substince 1 the duet epithehum but it heing impressed wath tts
presence tn the 1slands

It Toreson s conclusions are indeed correct their theoretic il implheations
will be conudersble  The whale question of whether Indropie change
does indecd represent ijury or function ) overstran of the iands s has
always seemed to be true will hive to be re<ximmed  If it does represent
damage to the cells the ituition v 1 umque onc there 1s no exidence as
Tir 25 me are anare thut the long-continnesd pre enes of gl rogen 1 the
renal epithelum Iiver cells or s epithelum of the (ve exerts am in
Jurius effect whatever  Inpured cells mu become v icuolated due to the
prescnes of fit or flusd but gl esgen 1s 0 nlly not found under <uch con
ditions

1T one_ nccepts the usual view outlined 1 the presious section (and 1
Chapter 25) that hudropie change does mdeed represent the earhiest visible
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evidence of njury to the cells and 1f nc assumes that the presence of
gly cogen 1+ the explanation for the sacuolation then one 1s led to wonder
ul
of
1l
betes as well (see Chapters 25 and 26)  An adequate explanation would be
provided for the experimental production of hydropie change by massne
doses of glucose?” and for the obsers ations of Gomors®® whe poted sacuolt
tion of the 8 cells in surgical biopsies of the pancreas from patients who
had had large amounts of glucose pre-operativels  The presence of gleo-
gen 1n the v acuoles would also of course explamn quite well the puzzhng
reserabihity of the lesion m the experimental antmal and apparenth 1
man

Much remans to be done m relation to Toreson s fascinating obsersa
tions If for example 1t could be shown that so-called hy dropie change L
actualls related to the level of the blood sugar s 1s the vacuolation of the
renal epithelum many of the puzzling considerations relating to seventy
and duration of diabetes effect of msulin and the hhe discussed above
would disappear  Actually  hvperglycemsn mas not be the important
factor as 1s suggested by the work of Duff and Toreson * who were able to
prevent or reverse the hydropic change n alloxan diabetes of rabbits by
gng small doses of msulm even m the presence of sustamed hvperghce-
mit

Tt1s of interest that Medw edeff*" described gly cogen in the islets na stngle
case of diabetes i 1930

Pyknotic Nucle1 —One appearance 1n the 1slands which 15 mterpreted
only with considerible difficulty 15 the presence of pyhnotic nuclet anl
somew hat shrunhen cells  Occastonallv 1slands are found closely resemb
Ting normnl ones except for the presence of extreme ps hnosts of the nucles
and acidophilic cytoplasm  This change was encountered in 6 cases These
cases ordinirly show no other lesion 1n the 1slands, 1f indeed ths nuclear
change may be considered a lesion  One cannot help but feel that 1t mas
be either post mortem change or improper fixation that produces these
shrunken extremels dense nuclet However cases autopsied ~con aiter
death and showing no evidence of post mortem change do show these prk
notic nucler m the rsland cells  Gibb and Logan® encountered these 1
lands 1n 15 cases among 142

Necrosts —I rank necrosts of the 1slands 1s very rareh found at nuwPS‘!
It mav occur as a complietion of infectious di ease but 1s seen In “"nl
striking form as a result of mjection of alloxin esther in the ("(P‘“""“’,'l'_hr
antmal or 1n the few cases i which the drug has been used 1 m’mf the

cros1s mnduced by alloxan 1s amazing not only for its speerfiests for
“euqls of the 181 inds but also for the fact that the process of cell de th goes
ﬂn in the almost complcte ab ence of any cellular reaction in the form o

Jonhoos tes
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Hypettrophy —Ilvpertrophy of the 1inds 1s not infrequently en-
countered  Cecil! ¥ has pointed out tno tvpes of hvpertrophy of the 15
lands—one 1 sumple merease m size of the wland without change n the
character of the indndual cells, the other a change m the cells to a column e
tipe with the nuclet located centralls  Rudunentary wlinds of this Litter
tipe Werchselhaum® encountered 1n 19 out of 151 ¢t es of diabetes and
regirded them as represtnting regenerition of wslands from duct epithe-
lum  Ceal ngreed that this tvpe of hapertrophy 19 seen w 1linds neshy
formed from duct epithelum ~ He found 31 cises of hypertrophy and

Fie 15 —Hypertrop by of sl of Tangrtins ADC Nordmbett Fou
methylene thae stam % 40

probable regener wtion in 100 dibetic autepsies none m 33 e1ses f chrome
Pweraatitis and onhy 110 17 cases of cwremomatous mselvement of the
pincrens VneCallum® giyes an excdlent deseription also

Th two types of hapertrophn e Oy distmguished  The coling
anthe-lhe eolumns of eells m the Wl b om the ochonnar tpe e qute
hflcrent i ppctranee from the e il v Tl stenctarc although the
e nlution of eells and sessels 1s mountamed  The tathed sl eells them-
selves are somewhat changed tending toward s ochumnie rather than the
il cubondal poh hedrd shape  Trregulie projections among the acim
at the periphers of the 1dan i are common  This change appears to have no
definite correlation with the pathological phasiology

N
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Hypertrophy as well as hyperplasia of the 1slinds 13 seen commonly m
the infants of diabetic mothers {s¢¢ Chapter 27

Ogils1e,% using the method deseribed presionsh by him (see Chapter 2)
has more recently made a special study of hy pertrophy of the 1slands He
finds enlarged i1slands particularly i obese persons 1nd ascribes them fo a
pancreotropc factor of the pitwitary  (See page 22 for further references
on the volume or total mass of 1sland tissue }

On occasion 1t may be difficult to distinguish luge slands from smalf
adenomata The adenoma shown n Figure 17 if 1t had a Jess well-defined
capsule and did not extubit so much compression of the <urrounding tissue
mmght be regarded 2s an unusually large 1<lind

Fra 16 ~Post mortem change simulating hemorrhage 1ato sland of Langerhans
No 1638 Male aged sixty-eight years Nond abettc

Thirts -e1ght cases m the earher senes showed a greater or less degree of
hypertrophy of the nlands of Langerhans  Usunlly not il the islwnds are
hypertraphied but only a moderate proportion of them However occ::m:d
ally the majority mas appear much enlarged  Ishnds (;vcre conslr Ier
hypertrophic when thev measured more than 400 micra m dnmeter  There

the occurrence of hvpertrophy the age of the
15 no correlation between o e e o

tient the duration of the diabetes o
f::e instance marhedh hypertrophic present m the tad of a
sticalls all npeared secondary to

pancreas from w*
caremoma of

before death

d developed ten vears

1€ pancres
t venyears Then the

controlled
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case became more or less mnsuhin resistant and symptoms referable to the
tumor became mcreasingly prorotnent

Herxhermer* by ligating the pancreatic duct of chichens produced a
marhed merease m 1sland tissue and a fisefold increase of insulin content
A4 ths occurred the acmar trsue atrophied

Tlutt] noted farge 151 inds at autopsy m 3 dinbetic patients on whom he
had performed pncreatic higation by the Mansfeld techmque

Hemorrhage —Hemorrhage 1nto the islands has been desenbed but 13
probibls exther 1 post mortem change or an artifact as a glwee at Figure

1

Fra 17 =Small &l noma of Llv Vof Lanprta « N\ capsul ar e mpnw on
feurround ng treue [26-177 Fomal aiged fifts Tree eves Nondaletie \Mal
Trnasanlnellu stan X 40

16 <uggests  Inonly 2 (waes was this Lemorrhagic change at all noticeable
andmenecfthe ¢ aman aged<eventy twovears withdimbetese f twents
taovears dumtien candiie decompensats nowas the cmse Fdeath wath
eXtRme pas ne congesty n

Adenoma — Adenomn of the t Iind of Langerhans w 15 encountered only
three tumes in thos <eries

Among the senies of adcnomas of the 19ands of Langerhans reviewed by
ner st hen e one thiat s f Hebog 4 whiech ocorred 1n a diabetic
Tlere there was a large mass of insulir tisne 6 by 5 mun 1 diameter,
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which was found 1n the pincre s of 1 white female aged sixty four vears
dving in diabetic comy

In one of the cases reported by Smith 1nd Serbel ® the patent showed
dibetic svmptoms durng n attack of Jobar pneumonia prior to deth

Buchner reported 1n msular «denomz 10 a made aged fftr <even tears
whose diabetes present for two vears teomnated m hepoghcemn coms
nd death following 1wy ction of a small amount of msuln

The assoctrtion «f apsular adenom and dubetes 1 \pparently 1 rarc
one and the eirher cises were reported hefore the desertption of the newer
differentinl stans for the islands  "1hut the use of these stams 1 mportant

Fic 18  Adeneran of 1 lynd of Langertan  A0% 101 Fomale aged fort -c ght
vears Nondiabet ¢ Mallors s amit ¢ Viue stam X

1 suggested by the ease described by Hess* of 2 non msulin pmducm;;
caremom of wlets  When studied with the modified Gros-Schultze metho
of Ferner the great majonty of cell> making up the tumor werc ﬁd\e{;
positn e wd thrfore pre umably o cells  The mmpertance of such o fine
wng, m relitien to the recent work on nchitien of 4 hyperphcemie ]hmr
from tle o Il s cbyions Certamh in the future 3t will Te desrd Joto
sty Al snch v es with the newer ot ining methods ® In addit o te
the Grov-Schultze method  the latest !:;hmqnunf Gomort nd 'Lt ruggen
commended (see Appendrx

m};l::drse Apparently Norma};r’:l)[ particulr importanee lrﬂn;lﬂle :hl::
retteal as well as practicnl standpoint ts the fact that 2 considerable num!
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of dobetic porsons show no demostrable patholon m the shinds of
Langerhans when studied by the usml methods  Out of 811 pancreases
availible for detailed studs in thissertes 271 or 33 per cent, showed 3nds
which were hormal sa f1r as could be determued by ardinars hastologac ol
mews A considerible proportion of these nonnal whnds occurred m
=ulm treated cises that possbly mught huve shown hvdropie change if
they had not been so treited  Howener 1 very fair number oceurred 1n
premsulin davs, or i c1es which hid recened no or madequate muhn
Al the grot magonity oceurred before the newer differentind stams of
Terner Gomort and others were avmbible  N\o diabetie pinereas ean nown
be sand to have normal 1lands unless studied mtansivels with these new
techniques prefer tbly alvo with some attempt to estunite the total mass
of imsular tissue (see belon)  However there <cems to he no question thit
such Cises do exnst

The existence of these normal 1slinds in diabetes mellitns has long been
1 pusrle to prthologists It s rather dafficult to coneeine how we cinhue
wnsular dibetos with normal shinds of T ingerls ans present pirticalardy
m adisease that perasts as long asfife tslf - Thes leads to one of four hn
potheses (1) the unds ma be normal ud wsubin mas be produced
but 1t 1s ather dofective m quality or neutr thzed by some substanee in the
bedh 2) the whunds mos be nornad but thare seerctory actinats mhnhited
(1) the dnbctes mw be of other than b ongin. (3 the imsuhin mas he
formed nonmath by normal s s but through §ulre m trinsport the
sl s not brought mto the blood strcam and <o not distoibuted to whene
s efftets are newded Whichever (if an) cne of these hypetheses i true
(\o 3 «cams to b currently favored) we must fice the fret that cases of
dAnbetes absolutely ientiel wath one another from the climenl standpont
<how ho evudence of structurl disc 1se 1 the idands of T ingerhans 1 one
mstinee and show narhed mjury of varous types 0 others

It romuns for further myestigation to establish how Dirge 18 the group
with normal Wnds when studied by all acadalle methods hoth qualitative
anlquntitatise (see prge 62)  Until thit time suggostions reg ardmyg the
etiologre dsigmficance of sucd factors 33 other end erme Jands or the e
must romun parth speal v

Chire® emphasazes the multipheres an 1 v arnbidity of the lesions that
ma be aneotmtered in the pincre s n dibetes and potats out that cureful
<tueds st b undertaken before 1+ paneress 1 clictfied as - normal

Fatty Infiltration  One munor chainge eoncvrming the noportanee of
windh there s heen o good G ot @1 ensan s the presoney of 1t i the
wdand edls Tls was fint ponted out by Doged ® - In mam cwes of
it etes ths ean be demonstrated by aather oste acid <o ~udn 1 or 13
o of the sdand cclix uwally n consdert by greater dogres i the w
ueds thin m the aomar tssne In sectens staned sith Sudn 1V the
tlambs mas ag poar under Jos wagmficrticn s demitdy ornge spots At
one time this was ecnadered to be 4 speaific chinge dhartetenstic of din
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betes Wercheelbum and Stangl® found m their materal that debettes
showed more fit in the wlinds of Langerh s 1t wtopsy thn dud the o
dueg 4t the ~ame ages from other deese condrtons. The nork of S
mers*™ showed that the presence of fat 1n the istands was not charictenste
of dribetes but was present i other dienses notabls ilenhahe mtouer
tion to whieh t was punienlarly prominent  In fact Smmers o sha

v quent n ditsete than o nondiabetic persons was probablt @ result
sather than & cause of dubetes  In its most strthing form  the wslands

Ce Tal ©

ACTERS f el
- howimg, Wpomatosts aad moderate fatty infiltratior of
o BT Temle aged ity fous veare Duration of d abeles %
vears  Sudsn IV stam X 310

red spots  Valder found
Sudan stasned sections as deep orange-]
“p'?rl;\a;il?-\m \nfilteation of 1 cases moderite m 15 Table 6 shows lll;
:;‘egree of fatty wnbltration m o number of pancreases from our series bot]

dibetic and nondiabetic



QUANTITATIVE VARIATIONS IN ISLANDS OF LANCERITANS 55

TARIF € —Far s 1nr J 1aspeor Laxceriane

Degree of infiltrat on

Stight  Mod raie  Severr

Thsbetic cases o 18 13
Non luabetie casee 1 2 6

Appiently there 1> no sigmificance to he attached to this fesion  An
c«xample of moderate mfiltration 13 shown in Figure 19

It 15 mteresting to compare fitty change with ghyeogen mfltration of
the wlands (see page 46)  Apparentls either substanee mav or mayv not
be assocrated with \acualation of the (vtoplism

Taptr 7 —}CALITATIVE INattaR Cravozn 1v Dinneres MeLums.

< egl 2
. e R

At Eoelr s lEbiERe g

T sl Eliseinkt £

= 2 8 kK xT€ RT3 o8

Cecl o0 [t »ooam B‘ o ] 41
Wil rie 29 [ 4 12yo' 0 o 51 o
G bt and Logan® "2 n v "eb o 15 7 o0 0
Tiershe merst "~ 3y 0 1 0 o o0 0
Warres and LeComite 811 W3 1’6 2°0 16 N ! o3
Total e M2 43 33 32 38 25 17 104

# O Ly those of Wil fer 8 cases sre wnel sded 10 wE clit] e g anereas nas apec fieally deseribed

QUANTITATIVE VARIATIONS IN THE ISLANDS OF
LANGERHANS

I numerating the shnds m the human pancreis 15 extremely diffienlt
und for practical purposes onls rough estimtes are possible bied on the
total number of 1lands w & number of ropresontative sections taken from
Aifferent portions «f the glnd  Any method such as this of coure 18
exposed 10 numerous errors and presumablh the statements as to the num-
bir of tland« oceutting m a gy en human pancreas are all open to question
The mcthads worked out by Bensley* and s students for enmneration of
the slinds i experimental anunals ar oxtremids saluabli there but are
rarcdy apphicable to humin tesues Claek 9 workng 1w Benstes < lahora-
tery wasable to count farrly acenratels the number of 1lands in the pan-
«roxs o f weven human adults - He found the number to range from 120 000
1o 17000 As noted m Chapter 2 Ogilvie found values minfants rang-
mg from 117 220 to 2,325 123 amd Bargmann®® records counts m 5 adults
survng from 208300 to 1760000 (See Chapter 2 fur Ogilvie s dats on
the weight of the normal ssland tisue )
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butes Weichselbaum and Stangl® found 1n their matenal that dial eties
showed mwore fat n the 1linds of Langerh s 1t wtopsy thn did the ¢
dvmg it the s une ages from other disesse conditiens The werk of Svn
mers® showed that the presence of fat 1 the 1sJands w s net Jiaricten tie
of dibetes but was present i other disetses notabls alcoholic intovicy
tion m which 1t w13 puticularly prominent  In fact Svmmers felt the
lesion was to some extent charneteristte of prolonged aleoholic mtoxicition

Wilder* felt that this lesion 1f 1t can be called such although more
frequent 1n dunbetic than m nondiabetic persons was prohably a result
rather than 2 cause of dibetes In 1ts most strhing form the islnds

[
“f:“ba’ (3

raton of 11a }

Fia 10 —Pancreas shosing 1 potmatosis and moderate fatty 1 flt mon ol Ll

epithel um  DA26-35  Female aged fifty four years Duraton o
vears Sudan IV staw X 310

nge-red spots Wl ler found
tein 15 ‘Table 6 shous the
es both

appear n Sudan stained sections as deep ora
marhed fatty infiltration of 11 cases moderaf -
degree of fatty infiltration m a number of pancreases from our s

dinbetic and nondrbetic
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Taptt £ —F 7 I THE 151 aND8 OF LaNCERRANS

Degree of wnfilirat an

Stght  Vlolerate  Sarre

Duabie tic easex [\ 18 13
Nondiat etie cases 1 2 6

Apparenthy there 13 no sgmficance to be attached to this leon  An
exumple of moderate mbltration 15 shown n Tgure 19

1t 11 interesting to compire fatty change with ghicogen wfiltration of
the wlinds (see page 46)  Apparently either substance may or mas not
be assnciated with vacuolati n af the evtoplasm

TanLr 7 ~Qratimarsve Innciar Cuaness 1v Disneres Mritimus

!

| g 55 2
v

Auth H . 2B2.E %3 %
Eoxlye pEEnsas

A R Xt T

- ® mox 333 %

Cecrl Y an o r 43 o 0 2 1 41
Wil tepies M L 4 9 0 0 5 1)
T b and Logan® W 3 7 0 13 7 o o
Herxd ¢ mers 9 . 88 15 0o o 0 o
Warren an{ LeCamyte A1l 271 433 I8F 3. 20 16 11 | 63
Totat 0 312 432 39 42 35 25 1Y 101

* O lyttose of Witier acarenn encludet inwl ol the par crens mas specifi ally dercribed

QUANTITATIVE VARIATIONS IN THE ISLANDS OF
LANGERHANS

1 mumerating the 1 1inds 0 the i pancres s extremely difficult
and for prictieal purposes onls rough extimates arc poseible based on the
total number of idands m a number of npresentating sects ms tahen from
different porticns of the glind  Anv method <uch as this of course

- - ' e

evnn s o

the wlands i Ceperimental antmals are extromely vafuable there but are
rarch appheable to human tises Clark @ working i Benaloy » Tabora-
tn s ablc ty count fairly accuratdy the tmber of Winds in the pin
creas of seven human adults  He found the nunber to rnge from 120 000
1 7U0000  Asnoted mn Chapter 2 Ogil e found salues 1 mf ints rang
tug from 117 226 to 2325 123 and Bargmann®® records counts in 5 adults
Aanang from 208 U9 to 1 760000 (See Chapter 2 for Ogilvie s data on
the werght «f the normal nland tissue )
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o pnpurfect teciniy
foun § dimint e numbers 1 19 cises NGt
Among Coul st Q0L 20 show od few »t wds 13 adaltot et wm

and Stangl s 18 cases

pro 20 —~Tdand of angerhans norsl pancreas Bod s tyer spreenst o

B
after Bou fization s lver cells Hlack
faraus® 1€ sted that the number of 1elets per 50 cu WM ancreas i
P

90 dinbetics ™ aried from Tto128% than erage O
mal to dunbetic of2itod Gusman ® nan
t

n
of the fact that expenm ally
prev ent dabete>
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.

Congoutal Inpophiis of the puncreas very rurely occurs (6 eases, 3
aswerited with diabetes metlitus)*? and 15 apparenthy due to absenee of
the dorsal pinereatic anfige

Moore®* hs reported a string G of apliaia of the 1l mds occurmng
& thieteen vear-old gutl whose dinbetes Ind e ted at least sicvears
\wmerous sections of the pancrt 13 reveled no normal 1dands, onh 3 fen
«tmalt coll groups suggestmg msuiar cells hemg present  Sections of the

AT »‘:’}‘
DTS

- (s
ot b A L
PRt LA S T
. AR

Tio 20 Twod bl of Langernns w a diabetic pancress Frozen s ction
Grovlultze wam Shereells i h X 100

pitustars and by pothatumc ngons werc esentntls negatine Dr Lulens
e 1% deseribed 1 Chapter 18

Bemger and Kath?* reported an extraordiniry ease of fibrovs of the pn-
sreas with genershred edemn Mo dwnds were found (<peoasd st ans ap-
parenth were not uaed) and vet the patint was not didietic

A% regands modibention of the total mass or solume of the s n
sarous <ty the expermaental eesntlts of Hust of af * are of grnt
wterest fhes wwed Bawloy s metlind of sital stuning of the idands with
neutrad rexd then estumated the volume By pressmg the pincreas berneen
ghes plates projecting the islands on a sereen and tracing the ated with
& planuneter From this they caleuluted the tota) weight of the mealar
tsne They found that the weight of the iets e 1es with agd i the
rit Factor< reducimg wiet growtih senc (1) undemutntion {2) msulin
sdwetratyn awh 43 bvpoplnectomy Precedvres stammlatmg ) e
fromth wore (1) continuons wectson of gicose () mjecton of ermle
rxtruts of mtwtars gland and (3) sdmmstr itwon of thy pod extract

The important entical worh of Fejmng® on methads for a=ccrtamng the

solunte of the “ ikt organ  and the results of feeding yarous drets are
desenbed wn ¢ hapter 2
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It would secm desirable to combine some of these methods for ealeulat
mg the totil volume or miss of whind tivsue with the differential stams
mentioned i the next section  Obviowsh 1t would be useful to know
whether an increase or decrease of msular mass i olved predominanth
the « cells or the 8 celly

Differential Counts of Cells of Islands —It 1s onls 1n recent years with
the des elopment of reasonably satifactory stuming techmiques applicable
to human post mortem maternl, that attempts have been made to do
differential counts of the varwous cell types n diabetes Foremost among
the worhers in this field 1s Gomor1 7 who n 1941 described the chrome-alum
hematoxylin and phlosine stam which 1s still perhaps the best avatable
method for differentiation of @ and g cells In the same piper ths wthor
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Fic 22 —Pancreas of 50-vear old woman Dialetes unrecogmzed before death

C'ros-S hultze stain on frozen s ction showtng two 1 lets consisting almost entirely of

acells (black) X 150

described differentill counts done on several diabetic pancreases by his
method  In some of these there appeared to be a defimite reduction 1n the
ratio of 8 to « cells but the results were considered of questianable sigm
ficance 7 Vore recentls Gomon? writes that he has done differenttal
counts on the islets in oyver 50 cases of diabetes and h1s obtamed normn’!
different1n] counts i €0 per cent IIIxs moslt recent SQ( uning technique’
drx) mayv prove of greit value in this respec

("éc[]\ll’rﬁx;;phz-d Gmlr)mns chrome-alum hematovylin method to 301;{1:;f
betic pancreases and found the 8 granules to be completely absent xrr,n o
these and present in vers small quantity in 10 athers Ho‘l‘le‘lﬂ 2 ﬂAI

with normal granulation were mstances of chimicalls severe 1111! xcte: -
though admittmg that the significance of the 8 granules 13 stul not ¢
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Bell™ conednded 1hit a by tologieal diagnnsis of b tes contd he mude m
fhns wus m about 80 pir et of cses Degranulation of the g el s
readilh produced cepernnentathv by hyporghycermia (Barron ™ Teterson™?)
and henee 1t scems possible that 1t may hrve no more speeific spmficmer
than this when encountered m the human pmere1s but may he usetul
m diagnoss 1n the same way that glycogen in the renal tubules 13 useful

Hartroft % uaing phise contrast microscopr  suggests that under certam
conditions the n ¢ of the granules mav proside 2 mare sensitive mdes of
the endocrine activity of the 8 cell than the number of granules

Qutstanding among the recent students «f the subject 18 Ferner ®
who 1 noted 1 Chapter 2 bas applied the Gros-behultze silver stan te
the istands an t on the bisis of lis findings has formulited a theors which
holds that the sther cells  (including the « cells) are the precursors of the
wlnds { meelpotente ) According to this point of viess the a cells repre-
sent wnmature { unrerfin ) eluments which are capable of differentiating
mto g relis under preper stunulation  According to Terner this accounts
for the apparcnt increase in lands with absence of svmptoms in the news
b m it as compared wath the aduit (the infant s 1dands are predomt
nantly « cells)

Ferner has apphed the Gros-Schultze stamn to the diabetic pmere s with
mteresting results  Inonhy 3 of 17 dinbeties was he unable to demonstrate
anancrense n wilver ceffs (i addition to the o cells of the 1dands he
seludes cells scuttered among the acini and in the duets und states mer
dentalls that the latter oclls are not well demonstrated by other stamung
techniques) e seems to be comvineed that the increse 1n o edisas an
absolute not @ relatine cne and interprets this phenomenon as indicating
an attempt at regeneration thus confirming his hn pothews that the a cells
are precursors of the g cefls  As ad htional evidence he finds buds of lver
cells espect iy m disbetie ehiddrun projecting from the ducts ( Insel pros
sen anl Indzapfen ) XM deseriies in detnl the ease of a four vear
11 dibetic culd whose pincreas Joved numerous 1dands and wtnd
buds almost ocmpletely compe sed of sibver cells

Thew obrervations ted T erner to fonnulate the hvpx thess that dibetes
expecially the uvenile type 1s fundamentally due to a falure of sdver eefl
Gncluding the o cells) to ripent into B cells te hie coneesses of dibetes as
essentifly due to a maturatien arredt of the cells of the 1 lands  kFrom
analogy with the meorease of silver cells which he was atle to produce n

s ) . :

thaor o o -

mewns of stimuliting the sibver olls to mature nto sl prsducing
elements

Tomers conaipt whether ¢rn it 33 birne cut by whaeguent nork 1
proveeating and asrthy 1 f anrfol conmborten One wan b bs sy
turaty noarrest Af indeed 1t exists might not be analopous to cmilar situa
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tions affecting the bone marrow due to a deficieney (eg parmacus wemy)
orto‘ toxic factors (benzol other drugs) Certunls the mability to form
new g cells would seem to be the fundamental defect 1n the dibette patient

As noted 1n Chapters 2 and 20 1erner his recentls modified hus exrhier
Views to some extent to take cogmizance of the never thoughts regarding
possible production of the H G factor or glucagon by thea cells ani
has indulged m mteresting speculation on the passible role of the a cells
not onls m norml carbohy drate metabolism but m cases of nsuln resis-
tance

Hess® seems to vccept Ferner s conclusions without questrn  In his
own worh he applied the Gros-Sehultze method to 9 normal and 10 duabetic
pncrenses and computed the ratio of § to « cells after counting 30 or more
sslets mn each pancreas The mean ratio for the normals nas 86 to 99
for the diabetics 21 to 48  The normals had a greater range of distubu
tion m the counts while the ditbetics were faicly closely grouped  How
ever remarkably enough therc was no overlipping in the mean ratios the
Inghest value for a diibetic was 48 the lowest normal § 8 with none be-
tueen these Iless mamtams that determmation of the 8 o cell rano Iy
this method 18 the most rehable method for the histological dingnosts of
chiabetes from the pincreas and states thit one need count only 20 to 30
slets m order to make the diagnosts This conclusion man be rea i
criticized as bised on too fes cases A lrge number of pancreases shoutl
be studied by his method in order to determne its value  Thatitmw hase
valdits m some cases is suggested by the figures in 1able 8 representing
counts of 20 1slands on frozen sections stamned by the Gros-Schultze method
on cne normal and two disbetic pancrewses te 70 attempt to mitate
Hess s technique as closels as possible

TspiE$  DirrerrwyiaL Cot N15 on TaEEE PANCREASES

Tolnl rells 1
0 1slelr

9
B Ralo
8 a 8=
AS0~40 {normal) 1362 161 84
A50-38 (d abet ) " 214 i
b1 210 2

U050 5 (d abety )

Yanation m the size of the 1slands i the three cases 1s of roml-;e n 3;)
cated by the considerable differences m the total number of cel & H;“;P
islands 1n each mstance  Obviously 1 great deal more w orh shoul i be ¢
along these lines

F Tt annears to he a careful prece of work Terbruggen*! "‘tnetj‘"‘

13
t

Appendix A) 1€ lounu . -
;lcﬁlpdcmbetlﬁ while 1 80 per cent of diabetics the ratso wrs less than o
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Lable # 11 reproduced feom Terhruggen ¥ representing Ins counts on 64
nondiabctics ind 20 diibeties of vanng ages (but all over sictecn)

Tanir ) —Ran ¢ or DovrwrsTing Cotnmo iy G Nasntawett « asn 20 Duretics
(fr m Tert rtigg ™)

1 m i tion of Ned Hevease of
8 cells o ge B erlle

Ratoef i 12 [ 14 15 1¢

«lof to tu Al to 10 1o

all ] 1 ] 15 16 17

N babeties 0% 239, 2, e 159 5%
79, 3807, 119

Dbkt 187 12, 120, RE, 0" 0%
0, 07, 0%,

1t ehvaos that tharo s some oveshippmg . Towesar he holds that the
ratio 1 never above 5 an a dibetic and mthis respot gerees with Iess
The question artses 15 ta whether a reduced raitio of 8 to a alis ripresents
(a)nn abolute decrerse i 8 aldls or (hya relatiee decrease mgeells ce
an mnere e m w cells The Litter possihilits av mdicited by Terner
must be consudered particululy moyemle diabeties Loabruggen thought
the dets were usualhy reduced 10 number in the dihetie and m mans
enses the woght of the pisercs a3 a whole seemerd to be reduced  He
therdfore concluded that probiblv the whole wlnd apparatus of the dis
betic contmns foner 8 cells than that of nendnbetin Larbruggen does
not teapt without rescrvation the by potheas of Toner that the a edls
are preenrsors of the 8 cells he pamts to the frequenes f matote igures
n 8 e i< and who to studies of his own showmg thit m sl aduomas
8 «tlls muy an ¢ from nongrinube precursors thus mdieating that @ codls
are not ot ligatory precursors of 8 adls Il suggests that the o all ma
hue a speand functicn of s own

We hue tred the acad fuchan and metha] green mucthod as desenbel
In Terbruggen with < me suceess However all the anthnc dve techmeques
seem subjeet to slight varctions i color v slues which at times make dif
furentodd eonnts diffieult or mpesable Tern lies the grett adsantage of
the Gerowhdiultze stam when propardy carned cut the ety of the pcture
fialit s eovnting altheugh st must be admitted that this advantage
parth oountorhtanced by the thicknes of the frozen wetions also I the
caprier usness < the stun

Gemon «® new af fehyde-fuchun staim for the g clls show s great promise

and s prove to b the most generlls satisfacton methaed for duferential
counts s et derisad
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Hesges Se t Pt Terner Nclusiong Without Question his
onp applied the S-Sk € method ¢, 9 norm 0d 10 diabege
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for the dmbencs 21to4 8 The Rormals haq 2 greater Tange of distriby

tion 1 ¢pe counts y byo the gpq etics were faurly closely Brouped  Jp,,
h ¢ 0 0y

Joy
tween these Heq Muntqy,, that delermm itton of the g o cell ratyy 1y
this Method 4, the most reliaple Method for the )u;tulogml dirgnogyy of
diabegey from the Pincreyg und stqg, that ope Beed coypy onh 20 ¢4 3p
islets g order ¢, Mmake the diagnoyy, This concluyon M be re
CMticizeq o based N too fey Cises ¢ Iarge umt er of Dincrenses ghoyly

er to determy;,, tsvalye Thit st 1pay hue
Yaldyg, m some Cases ;g Suggested B the figures n Tible g Tepresenty ¢
Counts of 2 ishands o, frozen sectiong Stamed by the GmsSchultze method
on one normal anq two dinbety, Pnereises e ap Utempt to hmtate
Hess s technigue as elosely Possibla

Tamzeg \Dxnsm:\"nu Cot vrs o Threp Pancregae,
Total cellt

0 tslet.
20 1oty Kot
8 a Ba
50 49 ¢, Orngly 1362 164 84
£30-98 (U aperyy %0 214 4.
U505 ¢y ahetr ) bl 210 2

Inwhat o PES 16 he 4 careful pye e of work Terbruggenss s tried t

p
s e Lernee "SINg not gy g SrossSchultz, meghog pre !
ethy] green Mmethod (ser

nsley
x ound that 41,6 Ao y 5 between g and 5 for mr:;t
nondiahe;ng while i gg Per cent of diabetiey ghe 240 Was Jess than
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‘Lable 9 1 reproduced from Terhruggen * representing lus counts on (4
nondiabeties and 26 dibetics of varving ages (but all over sixtecn)

TanrE } —RanGE oF DIFrrreNTIST CUURTS 1N €4 NoNpIanETIcs AND 20 Diaperics
(frem Terl ruggen®)

Dmatondf Norm Tnece vee of
ramge B el
Ratos of 11 12 13 14 15 16
atof to to to to to to
cells 12 13 14 15 16 1"
Nondubctien 0% nYy 21% 21% 15% 1%
247, 3% 199
it e "% 420 129 5% 0% 07,
807, 207, 0%

It 15 ¢ by jous that there 15 some overl (pping Howeser, he holds that the
ritio s never thove 51 dibetie and i this respect wrees waith Hess ¥
The question anses 2s to whether a reduced ritio of 8 to a cells represents
(a)an absolute decrea ¢ m 8 cells or (b)a relative decrease mpBeells te
n mcrewse i a cells  The hiter posabality  as mdicsted Iy erner
must be cc nadered parttenlarly m juvenile dibeties  Terbruggen thought
the nlets were usualls reduced mn number 1 the ditbetic wd n mam
caes the weight of the pincreas as a whole seemed to he reduced  He
therefore concluded that probably the whole 1slind apparitus of the din-
betic contuns fewer g cells thin that of nondiabeties  Terbruggen does
not accept without reservation the hvpothess of Terner that the a cells
are precur-ors of the g cells he points to the frequency of mutotie figures
m g cells and also to studies of his own shewmng that in msulir wdenomas
8 cells m1y an e from nongr inular precursors thus tndicating that a cclls
are not obligitory precursors of g cells  ITu suppests that the & cell mav
huve a specril function of its own

Ve hue tned the nexd fuchsin and methy) green method as described
by Terbruggen with some suceess  However all the anihine dyve technigues
seem subject to shight varntions in color values which 1t times mibe dif
ferentinl counts difficult « r impossible  Herun lies the gre it ads intage of
the Grosbchultze stam shen properhy eirned out the danty of the pretore
Habtates countmgz although 1t must te admtted that thus advant ige
parthy countrb ihineed by the thickness of the frozen sections 1l o by the
wapriaousness of the stun

Gomor: <% new aldehy de-fuchsin stain for the 8 cells shows great promre
and may prove to be the most generally satisfactors method for differential
counts yet devised
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tions affecting the bone marrow, due to 4 deficiencs (¢ g prro us atema)
orto toxic factors (benzol other drugs) Certamly the mabilits to form
new 8 cells would seem to be the fundamental defect m the dribetic prtient

As noted m Chapters 2 and 26 Terner s recently modified his exd er
views to some extent to take cogmzance «f the newer thoughts regirding
posstble production of the H G factor or glucagon by the o cells and
has indulged i interesting speculation on the possible role of the « cell
not only m normat carbohy drate metabolsm but n eases of meuln resis
tance

Hess* scems to vccept 1emer s conclustons without question  In Jus
onn work he applied the Gros-Schultze method to 9 normal and 10 duabetic
pancreases and computed the ratio of 8 to « cells after counting 30 or more
1slets m each pancreas The mewn ratio for the normals was 81 t0 99
for the ditbetics 21 to 48  The normals had a greater range of di tribu
tion i the counts while the diabetics were fanrly closely grouped Ilon
ever remarhably enough there was no overfwpping i the mean ratis the
hughest s dlue for 2 drzhetic was 48 the Jowest nesmal 88 with sonele-
toeen these Hess muntams that determmation of the 8 a cell rt> Fy
this method 15 the most rehable method for the histologietl dingnos s of
diahetes from the pincreas and states that one need count onh 20 t0 3
wslets m order to make the dingnosts  {hus conclusion mas be reaily
criticwzed as bised on too few cises A large number of panere1:e8 sho
be studied by his method 1 order to determme itsvalue That it s hare
validits i some cases 18 suggested by the figures i Table § representing
counts of 20 1slands on frozen sections stained by the Gros-Scl ultze method
on one normal and two diabetic pancreases e an attempt t? natate
Hess 5 techmque as closels as possible

TaRLE 8 —DIFerrrNtoaL CotNTs 08 THEEE 1 A\cRESSE

Total eells 1n
0 Tte
. Karo
8 o« pa
A50 40 (30 mal) 1362 13 834
A50-38 (d abet <) 99¢ 214 N
150 5 (d abets ) o6} 210

Varmation m the size of the islands in the three cases 13 “[M’nf\:?ﬂ
cated by the considerable differences m the total mumber of N“[:ed ne
sslands in each mstance  Obvoush a great deal mare wcrh shoul i
along these hines w“ t
In what appears to be a careful prcce of work Terbrugﬂ"“;: ”:;‘i[“
confitm I erner s results using not only the Gros-Schultze met ’:tlwi (ot
a simple modification of Bensley s acid fuchstn methyl g’”n? 5 for mon t
Appendrc A)  He found that the § a ritio w3 betsieen 3 an Jess than 3
nondiabetics winle m 80 per cent of diabeties the ratio w23
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Tible 9 1s reproduced from Terbruggen ® representing his counts on 64
nondiabeties and 26 drabeties of varymg ages (but all over sivteen)

TamtE § —~RANCE o3 DiryExeaatat Cotwre IN 61 NoNdIsBETIC AND 20 Diperics
(From Tert 1slge %)

Dot tonof Norr al Trer seof
Bells rangr 8 ells
Ratt of 11 12 13 14 16
atof to 1o to to to to
i 12 13 14 5 10
Nondsbetix 0% 2% 29% 219, 10% 1%
2% 58% 197,
Dits 8% 2% 12% 8% 0% 0%
80% 207 %

It 15 oby 10us that therd 15 some overlapping - However b holds thit the
ritio 1s never ibove 51 1 diabetie wd 10 this respect agrees with Hess #
The questicn an es as to whether « reduced ritio of 8 to « cells represents
(1) an zbsolute decrease mn g cells or (b}a relntrre decrense mBcells v
an mcrease m e cells  The latter possibility 15 ndicated by Terner
must be considered particul wly m juy entle diahetics  Terbruggen thought
the islets were usually reduced 1 number i the dinbetic and i mam
cuses the weight of the pincreys 13 3 whole seetned to be reduced  He
thercfore concluded that probabls the whole 1sland appiritus of the di
betic eontains fewer 8 cells than that of nondiabetics  lerbruggen does
not accept without reservation the I pothess of Lerner that the « cells
are precursors of the 8 cells he ponts to the frequency of mitotic figures
1n 8 cells nd ko to studies of hus own showing that m msulr adenomas
8 cells may arse from nongranulir precursors thus indic tting that a cells
are not obligitory precursors of 8 cells  He suggests that the a cell ma
have 4 special function of 1ts own

We have tried the aeid fuchsin and methyvl green methed as desenibed
In Terbruggen with some success  Honever afl the amlme dye techniques
seam subject to shight  wmtions i color values which at tunes mike dif
ferential counts difficult or impossible  Heremn lies the gre 1t ady antage of
the Gros-Schultze stam when properhs carred out the dhmty of the peture
Subtites coontmg dhough 1t must be admited that thos dvntage
partly ccunterbilaneed by the thickness of the frozn sections 1l o ln the
capriaonsness of the stun

Gomors 5™ new aldehy de-fuchsin stain for the 8 cells shows great promise
1nd may prove to be the most generally sutisfactors method for differential
counts vet devised
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Creutzfeldt * 1n a study of alloxan diabetes n the dog meluding many
obsert ttions on the Tnsto-physiologs of diabetes mn general remarks on
the \arration m the results of differential counts by different authors and
notes the difficults Just mentioned of counting cells m thick frozen sections
(Hess also mentioned an ervor of at least 10 per centin hiscounts)  Crentz
feldt found no evidence 1 the dog to support erner s thesss that « cells
can be transformed nto § cells e observed no evidence of such trans-
formation n the alloxan treated dog and thought that since the « cells
persist apparently undimaged they must have a function  He obtamed a
8 « cell ratio of 8 1 for the nommal dog

To summanze the newer work on differential counts the vrying figures
{or the normal 8 « cell ratio obtained by v arious authors may be assembled
Terner 51 Hess 9 1 Terbruggen 4 1 Gomort 3 2to 9 ! Gomons
recent statement™ that GO per cent of diabetics may have normal differen
tual counts should also be mentioned again  The differences are unexplamed
they may be due to staining techmques quantity or quality of matenl
methods of counting (especially on frozen sections) or other unhnoin
factors  Certunly since most wwthors found some normals m the diabetic
range and often some diabetics 1n the normal range 1t <eems obvious that
a post mortem dingnosis of dibetes cannat be made by this method with
100 per cent accuracy as Hess seems to suggest How often such a ding
nosis can be made remns for further i estigation to tell no doubt 1t 15
worth triing some of the methods mentioned 1 questionable cses snee
aver lon B a ratio 1s certunly almost conclusise evidence of dinbetes
{see Chapter 27)

Surpnisinghh little work has been done (probably in part because of the
tedious methods required) on the total mass of 1 1ind tissue both absolute
and m relation to the weight of the pancreas It would seem desirable to
appl techniques such as those of Ogilvie % Hamst 7 and Su mwn® to the
human dabetic pancreas 1n conyunction with the differential stans men
tioned above 1n order to establi b the presence ar absence of a reductson it
the fotal + ass of 8 cells (1nd perhaps mcrease in « cells) m human diibetes
Concenably the total volume of 1sland tassue mught be reduced to such an

extent i some cases that a normal differentinl count might lle ns:s:;:t’d
. 3 .

1 LIS} 1 adw ) oeanhvner
10e
ach

1more or Jess oppo es that of nsulm 1t will be essential to extimate the

uantities of both types of cells
b It nould be desirable also to correlate quintitative studn-lsl ot; ‘;l:\.t::
tvpes of cells m the islets with the recent » orh of Vrensha f( n‘d o
the extractable msuhn of the pancrers  These inve tigators four
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ittle snsuhn m the pancrewses of severe ditbetics with onset m youth
{ growtheonset” tvpe) and relatively Tirger amounts 10 subjects who had
renched full «tatute prior to dicovery of diabetes (“matunts-ouset >
tipe)  This unport wt work 15 considered further m Chapter 2u

CHANGES INVOLVING THE PANCREAS AS A WHOLE

Aside from thie in~ular chinges, changes i the pancreas as a whole must
be considered prticulariv those mobuing the acm ir cells

Fibrosis ~1 thross 1s perhaps the simplest and most frequentls securrng
change  Normafl there s onhy 4 rdatiely delieate fibrous tissve septum
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Fio 23 —Marked fibro-is of panertas Doth mturtol ular an mters wnar - Ny sty
afe aged seventy vears  Duration of fabetes thany mne years

between the tobutes of the pmercws and there 1 o dedicate bisement mem-
brane rarels mote than about 1 wmicron thick between the acnt and the
nhnds Lihwases both wterlobular and weracine s ot wlrequent It
m3 or may not be atcompinied by 1 moderate degree of round-cell kil
tration either hmphoct tes or large mononudlear eells Thes chinge mu
~ary from wregniar patches of fibrous t1 suc scattered through the pancrea-
tie substance often tending to center about the ducts, to the alme st com-
plete drappearince of the acinar tissne with dilatation of the ducts char-
actens tie of obstruction such as one <ees 1 higation experiments
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Of the 405 cases that showed yary ing degrees of fibrosis 189 showed
slight fibrosis the bulk of which was mteracimr 141 showed maoderate
fibrosis, agun the bulk of which was mteracinar rither than nterlobular,
and 74 showed marhed fibrosss, agun predomm mtly of the mterwemar
type

There 15 no definite relttionship between the occurrence «f 1w and lestons
and mteriemar fibrosis  However, sovere ¢ises of ather by thmg twon or
fibrosis of the nhands wsualls show at least o moderate degree of mter
nemar fihrosws

Fia 21 —Txtreme lipomatoss of pancreas  Note white ef ithel al trwue in bed 1d
n large mass of fat  Fat has | een staned witt Sulan IV to provile lett rewtrat
No 18 Female aged sty five years  Duration of diabit « oght montte

Natural wze

Y artiunen® found gross fibrosts of the panereis 30 tuncs in o seres «f
1(6 d1betics and not at all n a control series of the seme number
Lipomatosts —Tatty anfiltration or lipomatosss of the panercs asa
whole has been considered 15 chirictenstie of ditbetes  In Ligure 241
shown the extreme degree of fatts mfiltration which ean occur in a pancre :;\1
Tlere hardhy ams epithelial tissue remans the argan being conerted mto
Little more than a mss of fat and fibrous tissue  The amount of p m(ln Iltlm
fit 1 vers do el reluted to that of the norm 1l buds fit and prol “("l
rpresents simph the degree of fit storige rither thn lumgl;“mn:vh
the diibetic process i am pealnrway Certamh lrkm‘ ipom it
he ubsence of diabetes (See Chapter 4 )
t of the cises In our series showed
from z shight deposit of fat smong
to an extremels m irhed ndding

with
1% 1s common 1n obese patients m ¢

Tywo hundred forty -one or 30 per eent
1 inng degrees of lipomatosts ranging
the ncmu and along the mterlobular septa
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of the pancrens with large and sl depostes of fat frequenth orenrring i
smple celiz

Incilentalh q havdhy necd he ramarked it the woght of o paneros
witch g that Hustrated o Tigure 24 s of no wgmhe mee widess the fat 1
ot octed

Avtenosclerosts  Vwrhed ~cher wis of thy pinerotie ves ol cecurred
W Bt ey Artenosderons of the panfreas 1 not neult su common o
 arterioscleroms «f the splecn which lies 10 the same s istular cirent
While the plentc wters mny e extremsh slerosed eadafied and tortu
ous there frequently 1 relitnchy hittle change m its branche wineh 1ead

Tia 25 —-Tapematos s DA™ 9 Female gged sty v ars Durahy 3 of dalbut »
five yerrs  Nate large amount of peniol ular 8t and satt rel 2t ccliv througt out
ac aarty Nifeatobog runderof byalaerdan e ttosplotu oh amidens
tovnninstan X225

to the pancre ts and there froguentds 1 very brtle o] ange i the pureatico-
duedenalarters With onls 7 4 per cont of the prnereases shaving 1 marked
degree of artenovlerasrs atteria cleross s 3 factor m the produstion of
dibetes witle it cannot be ruled out 1 il of outstanding unge rtrnce
Mascheowstz™ seems to be practiedlls alme m newmtamning that arterio-
sclerowis (1 f the hnperplastie typ) mas be of mportance w Ieding to
hyahneation «f 1 lets ant ciosimg dishetes m persons e the older e



Fra 26 —Marked fibrosis and lipomatouss of pancreas with practical dusappearance
of actnar tissue  Note marked dilatation of ducts and large number of 1slands present
n the fibrons tissue  Change secondary to careinoma of the head of the pancreas
V2133 Female, aged sixty mne years  Duration of diabcies eleven years Foun
methy lene blue stam X 15

.
.

-
!\ Iowt o
Fia 27 —Pancreassh “ rowsandly te mucous glands i I fi
' Jomer comer tetie 1 estan X 15

(66)
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P —Acute p 18 d as a causal factor 1n 5 cases
of this series  Here we have the development of diabetes simply through
destruction of a considerable proportion of the pincreatic tissue just as
one might surgicalls remove a sufficient amount of the pancreas to cause

Tic 28 ~Longitudinal section of pancreas from case of acute hemorrhagic pancreatits
Note white fat nccros No 537 Male apd seventy-ony vesrs  Nondtabetic

F1a 29 “ection through head of panereas from samu ease as Figure 28 st owiny
marhed neerosis and tamorthage  Natural aze

the development of diahetes experimentallv.  The excessivels rie anth
entic eases «f post trwmatie diabetes such as Wells et % probabh rest
on destruction of wsular tissue 1n the course of pancreatitis due to the
trauma

Probably cases of diabetes after acute pancreatitis would be more fre-
quent were 1t not that the lesions whuch destrov enough of the pancreas to



Tie 30 —Acute pancrettitis showmg nceross of panereatie tissue, [t neeross fbrin
deposits and leuhocy te ynfilteation No 537 Mal  nged sovinty-one yeurs  Non
dilatiec Tran hematoxyfin Van Gieson stam X 150

lear leukocs tes within
Fic 31 —Acute pncreatitis periductal_ \ote polvmorphonyel
Jduetsan Linfiltration «f wall A4 70 Toain methylond Hoe stam - X 10

(18)
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produce msuline dehenes ar gonnlly sofficoth soae to s deth
from the pancreatstis steedf, hefore there has bun opportunity for dir-
Dbetes to demonstrate 1tself

A most interesting <ertes W 1s presented by Bernhurd * who studied 50
eases of operttine recovery from acute panereatitis Inve developed din
hetes 3 dving of the disease and 2 Ining with sesere diabetes  The time
mters 1l hetween pancrenitss and dinbetes ranged from immeditedy subse-
quent to thirteen vears

Gunbil ef ol % report a cwe of dithetes wsoetited wath acute hemeor
rhagic pincrentitis

Increasing aw wreness of the possible rel ihion betw een chronte pancreatitis
and dibetes 15 evident 1 the recent hiterature  Comfort ef al * found
diahetes 1n 7 of their 29 c1ses of chronie relapsing pncreatitis Maimon
et al ¥ obtamed a diabetic t1pe of glucose tolerance curve m 8 of 9 cases
of chronie pancreatitis suggesting that this tast might uncover mny more
cases 1f used more often  ittle attention seemns to hinve been paud to the
possibilits that mumps muv weount for 2 hrge percentage of ¢ases of
chronte panereatits 391 Shmacher'™ and Pixton wind Punc® i
attention to alteritions i glucose toleranee m wute pancreatitis

Al as emphasized by Root ' 1t 15 probable that more consideration
should be given to acute panereatatss 1s 2 preupitating (use of com i
a recogmzed diabetie

Tins sertes includes m addition to the 3 cases nhiere panereatitis was ap
pavently the cuse of thew ditbetes 12 cases of pancreatitis developing
six months to thirteen s ears after the onset of dithetes Two showed pin
creatic apoplexy four showed acute pncroatitss and s subieute pan-
creatitis

It must be true of course that <ome of the cases of fibrosis mentioncd
ahove represent healed pancre titis but ther would scem to be no me s
of determiming the incidence other than by exhanstine dimteal investign
tion

Abscesses —Lour cases of metaistitie ihscesses mthe painereas were en
countered all m persens suffenng from staplnloe ons premn \o i
hasbean eneountered smed the Tt edition

Syphihis — 1 incre itsc ¢himpes second iy to saplubis e wse dind ctes
but only rardy Among 300 dibctie witopwies reported by Summonds, '
only 3 c1%es were found where the small fibrotic pinerers dimaged
by syphalis had led to dibetes  In neither of his 2 ¢rses of gumma of the
panereas was ghvetsuriy noted X ¢ ¢ of syphiths studied In Carpot and
Harvier™ died with sevare dithetes and shiowed at autopss svphilitic
pancreatitss and gumma Lomann® found bt few ¢ ves of coenisting
syphihis and dithetes

alenls —In our earhy series of 127 antopsied dinbeties panereatic eateult

were encountered three times  Wilder*® reported 3 eases among 55 autop-
sied e One of his ¢ises shawal hemochromitows alvo another gull
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Fia 12 —Pancreatic evsts  ith concret ons  A17-6" Nondahete X225
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Fio 34 —Carcinoma of pancreas showing pers terce of lands 1o the mdst of
tumor tisue No 1633 Male aged fixti-e ght vears Nondbetie Phospto
tungat ¢ ac d hematoxy I nstan X 190

Fia 3o ~Carcinoma of 1stnd-cell type s mulatn g appearance of wlan is of Langer
bans, Fos b methylene bluestain. X 250 (Drawing)
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stones nd the thud choleastitis: Morrson wnd Bogan® have pomte |
out that the diagnosis can be made during life by roentgenogram  Frgure
36 taken from one of therr plates shows multiple caleuli in 1 dinbetic gl
aged twenty three veus They reported 8 cases of which 4 were diabette

Fischer ¢ m a review of the Diterature stated that about half of 2°0
reported cases of pancreatic Iithiasis had ditbetes Edmondson f al
reported 30 per ceut of 26 eases 1s having diabetes

The presence of caleult naturally predisposes to fibrosts of the pincreatic
tissue, erther through direct obstruction or tendency to localized nfections
with subsequent scirring  In obstruction the effect is closely akin to that
of duct higation resulting 1n atrophy of the acinar tissue and persistence
1t least for 1 considerable tine of the 1slands  Ths lesion 15 of much s
torical interest ns one case reported by Barron ° aroused Dantings
mterest and thus plaved a part in the dexelopment of insulm

Diffuse caleifieation of the pancreas without calcult 1s apparentls an
exceedinghy rare conditton  Nuzum™ found 17 eases in the hterature with
evidence of disturbed carbohvdrate metabolism mn 45 per cent Present
wnd Gevman' reyiew the radiologieal findings

Amyloidosis —bmee reictions charactenistic of amyloid were not m
frequently obtamned in ca<es of by alinization of the 1slands much attention
was paid to the occurrence of amylotdosis 2 e s olvement of the pancreas
as part of a more or less general am1 Jord deposition m the usual organs (so-
called typical amvlodosis)  This was found m onlv 2 cises One 2
fermile aged sixty two vears died of ciremomn of the uterus with di
betes of two vears duration Calenli were also present i the panereas The
second a female aged fifty four yeurs whose diabetes had been present
for 4 9 vears died of multiple abscesses and staphy lococcus py emit

Tor a discussion of the relation of atypical mjylord to hyalimzition of
the 1slets see page 33

Carcmoma  While cireinomn 18 of relatrvely mirequent oceurrence
amang dibetics (672 fatal cases among 8 384 dutbetrc deaths reported by
Joshn™) caranoma of the paneres 1 not a rare lesom comp wred with
other types «f < ranoma Whereas the average madence of ¢ arcmom s of
the puicre 1 1s only 4 per eont of all nlignant tumors 1t %o fi und I
\lchattrich and Root? 41 324 per cent of the 37 cases of mtlign wt A
1n diabetics seen at the New Lngland Deiconess Hospital dureng three
half vears
Unnn et al *5haye reported a case of mild diabetes ma m tle aged forty
~lf vears subsequent to the appeirance
Tn the 2 cases of Burh
obstructing the ducts
erating 1 [ind
h oy stadenoma

€ 15¢
and

sy yeurs developing two and a b
of a slowh growing carcinoma of the pancreas
hardt?® with caremoma of the head of the pincrets
chmeal diwbetes occurred 1 spite of the presence of regen
Benson and Gordont * found diibetes m 6 of 28 patients witl

of the pnereas
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Jor 1 considiration of caneer i dithictes d opradls caremomy of
the pancreas as an etiologic  factor see Chapter 24

Metaplanis of Duct Epithebum —This change ringmg from 1+ mere
heaping up of clusters of hasal epithehal cells to complete heratimzation
1 not related to diabetes  Seen at 1ts best in certam cases of A avitammo
ws and “fibroevstic discase 1t m1y be assaciated with retamed secretion
caleuly or other duct abnormabities  In this senes 19 mstances were en
countercd among 811 pancreases examined pieally  without sigm
ficant age or sex distribution the youngest being & woman of fifty nine
Rorpass ™ found this change n 58 of 500 human pancreuses

Quantitative Vanations —So far as the size of the pancreas iteelf 15 con-
cerned there 1s relatnely Gittle ndieation one wav ar another s to the
role that this plass  Hertheimer®® noted the pancreas to be small thin
or heavily mfiltrated with fat in 103 of 162 cases of diabetes melltus  Of
the 730 cases of this series 1n which the weight of the pancreas was known
there were 122 cises 1n which the pancreas was noted as defimitely smafl
ot less than 50 grams 481 ¢asexm which the pinereas was norml or be-
tween 50 and 100 grams and 127 cases i which the panerens w w tuge
over 100 grims  Of cour~e the weight must be accepted with more thin 2
gram of salt as the degree of fitty mfiltration can only be estimated and
apancress for exumple may weigh as much as 240 grams nd vet contaun
fess pancreatic tissue than one weighing perhips 50 geams

Tn a group of 31 pancreases from dinbetic patients Terplan® found 8 to
be fatty The weights ranged from 21 grams m o child fifteen vers of age
and 22 grams 1n an adult of fifts-two vewrs to 110 grams

Varbunen 9 a cwrefy) gross study of the organs of 100 duheties
matched with controls of comp irable age wd ev found that 22 of the
diabeties had pinererses weighing less than 40 gm while only 2 controls
had pancreases of less than 40 gin

Terbiruggen®® encountered <nll pinereases (17 to 40 gni) qute fre
quently m his jurenale duibetic group
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LESIONS OF T INCREAS IN \ON DIABFTIC INDIVIDUALS 77

cases under thirts vet cccurrtng m 36 6 per cent of the 157 cases over thirty
vears of age  While this frequency 15 markedly lower than in diabetie
anslas shu 1l m the same dge groups 1t 1 neyerthedess so preat as to preclude
considering 1t 1 desron duteieteristic of dinbetes  In nondiabe i indiniduals
1t accurs nearhy 15 frequentls 1 ssocnttion with norm il wslands as m those
whose 1 inds showed pathetogical change

Tabts 10 Leki 407 THE [ ATIME ] anchess 1n NeADiaBi Ties

3 OFE 5 3

- K3 3 w ¥y - g

for wax " E £ ¥ . ¥ &
Fle B ER P g2 ox, ¥ f
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Oyl r | o 0 o o 0 o 0 [
ite 0 2 0 0 L3 e a n o a
21 to 30 3 o 0 o 0 o @ o [
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41 to 50 34 3 5 e o 1 o 0 0
51 to 60 63 21 0 [ 1 [ 1 o [
o 70 5 17 .3 2 0 t 0 o 1
71ta 80 » 1 4 1 o 1 1 0 [
2 2 0 0 o [ 0 v 0

0N 7 1

Total R N T T
Ler cent of total 10 135 "o 05 70 10 00 D5

It secms unlthely that nteracinar Abrosss 19 1 cause of atroply of the
pancreas Probabh the fibrous 1s fas more frequenth 2 result of atrophy
of the pirenchyvinatous tissue from one cause or another with resultint
eondensation of the stromt than an actne factor m the production of
pancreatie damage  The analogy to the arrhotic process in the hnver 1
rither strhang

In mam of the c1xs showing fibrosss there s cvrdenee from the e
tomic il fndings or from the Iustors of previous gall gludder disene  In
W of these ¢ ses of hbrosts Abrous-tessue capsules can be seen about the
great myonty of the whinds a finding which Otant consilers dehmite
evidonee of a pathologreal process

Fhe entenn used for the drxgnouts of hipomatoss are (1) separation of
the Tolules by fat cells and (2) frequent fat cells occurring 1mong the
aunt In ths serses the presence of hpomatoss i the panere s was closels
whated to the amount of body fat Undoubtedls the proportion of eases
shewing this would hise been much higher were 1t not for the varvng
degrees of emactition at times extending to almost complete depletion of
the stored fat of the bods 1 the eascs of malignant diserse which were
Turly frequent in this scries of post mortem exammations s wath fibrous
hpomatosss 19 asocited with normal wlinds fulls as frequentls as with
dieased ~hinds

Balo? found the div weight of the pancreas after extractim of fat to be
111020 geans w the normal paneres and % to 12 grunan the fatty gland



78 LFSIONS OF PANCRES IN \ON DIBETIC INDIVIDU LS

It 15 rather difficult to determine whether stored fat 1s the onl factor m
produemg this change or whether there 13 some deposit of fat 1;n respu nse to
ran ng degrees of trophy of the pancreatic parenchy ma

Primary ciremoma oceurred only once an adenocarctnom? of the head
of the pincreas wrising from the duct Many of the ishinds persisted ap-
parenth unimjured m the midst of the tumor tissue and those 1 lands in the
unins ded portion of the p increns were also normil  They were not hvper
trophie This ineidence of 05 per cent contrists with that of 2 per cert
found m our diabetic tc Psy series
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k16 36 Care noma of head of panereas duet type
toxslncounstan X 21.

Metastatic tumors were frequentls encountered as would be z'fl’ﬁ"fd
from the frequency of malignant disease in the post mortem material "‘;
were 14 cases of metastatic tumor or 7 percent  Of these I was mnI;H"ﬂ"
melanoma 1 mvelogenous leukemin 1 hmphatie leuhemn and “f e-
mainder caremoma  In several cises the degree of mfiltration w 13 strt llnh'
but a sufficient number «f 1slands persisted to mamtam normal ¢ irbohs
drate metabolism el 1m

Tuberculosts of the pinereas was encountered once 13 were €1 ce"“\
the pancreaticduets € vstaof the panereas oceurred twice once .u;;p |: j
the result of 1 localized acute pincreatitss with sub equent wtclver o
once the result of obstruction to the duct of Wirsung bu fibrs 15 ¢f un
termined origin

Acute panﬁrmtms either hemorrhagic or gangrenous was lenmlurll:f‘:'?":
5 times  In four cases 1t was the primary cause of death and m
associated with 1 staphs lococeus pyemin
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78  LLSIONS OF 1 \NCREAS I\ NON DIABETIC I\DIVIDUILS

Tt 15 rather difficuit to determime whether stored fat 1s the onh factorm
producing this change or whether there 15 some depostt of f1t i re ponseta
varang degrees of atrophs of the pancreatie parenchyma

Primary eremomn occurred only once an adenocarcinomt of the hend
of the puncrens arming from the duct  Many of the wslands persisted ap-
parently uninjured n the midst of the tumor trasue and those 1slands m the
unyns aded portion of the pincreas were also hormil  They were not hvper
trophic  This ineidence of 05 per cent contrasts with that of 2 per cent
found 1n our dinbetic autopsy series
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Fic 36 —Careinoma of } ead of pancreas duct type Metastas s to hver  lems
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Vetastatic tumors were frequentls encountered as would be expected
from the frequency of malignant disease m the post mortem mterial Thﬂ':
were 14 cases of metastatic tumor or 7 per cent Of these I nas malignan
melanoma 1 myelogenous leukemit 1 Jymphatic lenhemia and the re-
munder carcinom  In <everal cases the degree of mfiltration %13 sin‘dl:)!
but 2 sufficient nember of 1slands persisted to mamtmn normal carboby

d”’;f:; b’:::li‘]:‘:]"m f o are cilcuhiin
enth
the pmcreatt r:. an}
the result of f om de-
once the result of obstruction to the duct of Wirsung by htrc B¢
termined origin untered

Acute pancreatitss either hemorrhagic or gangrenous “as)enm] e
5 times  In four cases it was the prunan cause of death and i

associated with a staphs lococeus prem?






78 LFSIONS OF PANCREAS 1N NON DIABFTIC I\DIVIDUALS

Tt 15 rather difficult to determine whether stored fat 15 the only factor 1n
producing this change or whether there 15 some deposit of fat in responset
sarving degrees of atrophy of the pancreatic parenchymn

Primary ciremoma occurred onh once, an adenocarcinoma of the head
of the pinerens aring from the duct Manjy of the i<lands persisted ap-
parently uninjured in the midst of the tnmor tissue and those islands m the
umm aded portion of the pincreas were also normal  Thes were not hvper
trophie This ineidence of 05 per cent contrasts with that of 2 per cent
found n our dinhietic autopsy series
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Metastatic tumors were frequentls encountered as would be el(}:;hdi‘:
from the frequency of malignant disease in the post mortem material ‘1he .
were 14 cases of metastatic tumor or 7 per cent Of these 1 was maltgnn
1 1 mel lewhemia 1 hmphatie leuhemtn and the re-
m under caremom« “In several cases the degree of infiltration was slr}l)kllnﬂ
but 1 sufficient number of 1slands persisted to muntam normal crbob’
drate metabolism

Tuberculosts of the pancres was encountered once as were (‘ch::dl:‘
the pincreatic ducts  Cistaof the panere 1s occurred twice pnee u}}ﬂh o
the result of 1 loc1hized acute pincreatitts with <ulrequent auto ‘; ade-
once the result of obstruction to the duct of YWirsung by fibro 15 of o
termned origin

Acute mn‘iremm erther hemorrhagic or gangrenous %1s Ienco]urll:l::‘:j
5times  In four cises it was the primary cause of death and in

weocrrted with a staphslococeus premin




Tons of an Ocey, ‘e of Sons 4, the
Blang, of gy, hr sumhrm (Imsefolmd um nbe!es:sn
p:m*qms:r Fe op, dy h, the 2th m ¢,
afd:aberes

Tnbleu ;,-uestbet‘r 2 fev:ansm e i),
Taresyy 101y Ty buﬂzeru\mulNE
oline ¥y 3

| TR i
10 oy /3 /ﬁ"’g ’k‘y/5~§§§§

F AN > $/F $38F
5/ /s/eéﬁiéﬁs i
Q"‘"/'ﬂ“-\"\\"\

01019 \q\ucooouauoo;vo

ey /2/2/000000000000

2ty 50 ;aonaoonoaonuu

o g wv/o:aouoououao

41(050 TI‘HDQDDIDOO’IIlO

Hag, ;s:au/uvulteinn‘

31 t5 79 Mqosznnxnztoxou

7l togp 253021001010(7:00

81 22(0000/)’)0(1000

Totgy "t‘m\ls\: 10 0y [ e, by

ble ) Oy I, allofthu Ny ndls, thyy ar
ﬂ't‘vml:(v) o1, n(lmdmh I 0 e foung alt) Yugh R leg, fre
ene, mnnmlmbt 2 Juals Thy, thcnland  Norgy, g3y

(\:An!o.’t sy bmus of the Nhndsr RING fre, slighy L &

4 Preg, tin 75 'n Iz;nlmtz'umn of the Iy, pnpvmt mn
wvmth rophy oftlmnla s 5 eng "ot g, m th

g pll})('l)llln 15 0t by gy, lcrlnngz-{’}ml een chrlmke
ceffy u(thmk cl.'u(‘lelm Ipercmt and §, ek, g, ) el
anmlen of 15hy pa ©leh g 4 pep

mmbl; brogss of ¢p, uhmls: roy, ® S,
Dttspg Prodyce LI .mmrﬂb st 18 teg, mnnpmmlm
1 it op 15 Pan, Teageq th. ihm\"(l ™5 0f the Bling, ™ peg
ite ‘o g, hap Orttoy, By, Noteey oy iry,

Mz, N of b thmhh % b mn\ul'r d thp,,
Persst,, gy OF ding, It the Trence f iy, o s
nog Safe Eroun,g l'arn!'(lxb }nn;:zvlumm\n of y, ‘o P tthy, Y ug,
“hag 5 1y o gp olzlnmlur Y tead g Uty R

% tepey
whndx n e pan(’r(-nv of 5 N te "y *Pleng, g, Yoy ind,
Jm-natmn for Ning Mongg, Pres o 1 gy, ! “t-fifep M the g,

ey y, Ly

af S B ),

Wbl Probagy, frey,, for the u')xt’n(\ of dnbom nmptmm

R e rrpomyl n Mine A ;:om-ntmn O stype f the Bling, af I_:mgor

& 18 op m Ao uplmwplxr LIET Wity ul\amn/
(‘f\-u"m * earep,) My e they fesy g M et



78  LFSIONS OF PANCREAS IV \O\ DIABETIC INDIVIDUALS

It 18 rather difficult to determine whether stored fat 1s the onlv factor i
producing this change or whether there 1s some deposit of fat i response to
van ing degrees of atrophy of the pancreatic parenchyma

Primary carcinoma occurred onky once, an adenocarcinomy of the hea!
of the pancrens wising from the duct  Many of the 1slands persisted ap-
parently uninjured n the midst of the tumor trssue and those 1slands i the
umm aded portion of the pincreas were also normal  They were not hvper-
trophie This incidence of 05 per cent contrasts with thit «f 2 per cent
found m our diabetic «utopsy series
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Vetastatic tumors were frequenth encountered as would be “p’;g:“
from the frequency of milignant disease 1n the post mortem matenal The :
were 14 cases of metastatic tumor or 7 per cent  Of these 1 nas m'\h};lzn-\r:-
melanoma 1 my elogenous leuhemia 1 lymphatic leuhemit and the
mamder caremomma  In several c1ses the degree of infiltration was stnh;‘ﬁ’
but a sufficient number of 1slands persisted to muntun normal earhol
drate metaholism

Tuberculos1s of the pancres was encountered once
the panereaticelucts  Custsof the pancrers oceurred tn
the result «f a localized acute pincrentitss with subsequent
once the result of obstruction to the duct of YWarsung Iy fibro 1~ ¢
termined ongin

Acute pancreatitis etther hemorrhagie or gangrenous
5tunes  In four cases 1t was the peumars ciuse of death
associated with a staphn lococeus pyemit
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80 LESIONS OF PANCRLAS IN MOV DIABETIC INDIVIDUALS

reports o c1ses of lus own and one of Whipples  In addition he states that
Milne and Peters? mentioned hyvaline degeneration of the <dands i non
duibetie conditions

Wright® has reported 5 cses ll over fifty vears of 1 showmg vanmg
degrecs of hvalimzation of the islands 1ssociated with shght to marked
mterianar fibrows and showing shght to moderate arterioscleroas In
this sertes 3 cases of moder ste hy tlinization of the 1ands were encountere |
wnd one of marhed hyvalmzition allover forty vearsof age  The voungest
case one of Cecll s was thirty sevcn vears of age  Arrangement and stamug
properties of the hsaline i nondinbetics are identical with those of the
1slands of dibetic individutls

The stuntg reactions of um loid mas ako be found mn the hsaline of
nondibetic slinds  Ar(y? found hvaline which he regirded 1s annlod
m 16 6 per cent of his nondrbetic seres and Ahronhein?® obtumed pe t
tive rencticns for amyloid 1 5 «f 50 nondiabetics

Lymphocs tic mfiltration of the islands was found by Susman * m 2 non
dribetic woman aged forty sixvears who died of Addison « disease second
ar to adrenal atrophy

Hypertrophs of the slands was encountered i § cases and 4 of these
showed farly marked mterstitial pancreatitis There 15 some discrepanct
1n stitements as to the normul sizc of the islinds  Howeser  diameter
of 400 mier1 has been considered the upper normal hmt by Ceetl! anl
this has been used as the eriterion i the present study

There 15 one difference however betseen the hypertrophied nlands of
the dibetic nd the nondiabetie  Frequently the hvpertrophied wlands
of a diabetic mdnidun) consist of elopgate cells with narrow centrally
located nucler whereas the hypertrophied 1slands in the pancreas of nm)
diabetic mdis iduals are made up of the usual pcl hedral cells with roun Jed
or shghtly eval nucler

In rdition to the work «f Terner ated m Chapter
whether thrs difference may not be due at least n some cases
domin wnce of o cells in the by pertrophied 1sland of the diabetic $)

Adenoma of 1sland-cell type 1s 1 rare lesion  In 1926 one ofus (3 V .
reported 34 cises and collected 16 others from the literature In onh (\:“!
c1se that of Heiberg ™ was diabetes present  In the present smesfom
cse was found occurring r a femnle aged forty four vears dymg n;“
epidermoid crremoma of the cervic utert  Further discussion of msu
adenomas may be found in Chapter 22

Itas pmb'\l)sle that the occurrence of phnotic nucle 10 the ﬁhl:‘:‘“}[;
15 an artifact at letst i nondinbetics but 15 this hs heen const l‘;" ““\_
possible diabetic lesion (Gibb and Logan®) the oceurrence has been
corded m Table 11

Simlarh hydropre change at least so fir as it occurs i ""“d’“l"f“:ﬁ,
15 probibly due to post mortem change Homever its apperrance weed
2 nstances m which 1t ocenrred i the present scries «f nondnf eticin

e wonder
to 2 pre
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Chapter 5

PATIIOLOGICAL EVIDLNCES OF ABNORMAL
CARBOHYDRATE METABOLISM

Recwr wdvances mn the physiology of the metabolsm of carbol drates
have greatly exceeded those in the histological distributton and hsto
chemistry of these substances Stetten! has recentls summarized modern
concepts of the metabohism of carbohvdrates He emphaswes among
other pomts that one my no langer speah of simple ovidation or burm
g of carbohy drate and that the boundar lines betw een the metal ol m
of protem fit ind eirbohndrate are no longer distmet since 1t hs teen
shown thit therr citwbolic pithsass cross it min pomts ]l thit each
of these three major mutrients may supph organic frigments which feel
wto the tricitbovilic aaid cvele e also mdicutes the fund unental 1ot
portince of the reaction
hexohmase
glucose + adenosine triphosphate
glucose 6 phosphite + adenosine diphosphate

espectally m view of the fact that the anterior pitwitars seetms to product
a spectfic mhibitor of the ubiquitous enzvme hexokin e (although it seems
to affect the hexohmase of muscle and Iiver more thin that of other @
types) and that insulin seems to act to antagonize or peutralize this m

hibitor .

Much light 1s being shed on problems of cirbohydrate and fit metd: >;

lism by the use of rdioactnve cirbon (C ¢ Thus Stetten' show m: d::(‘lt :,
ort

30 gm of carbohvdrate given to the normal rat onlv 1gm 1>l "
ghcogen 10 gm are stored as fit and 10 gm are broken down mto : he

metabolic pool for energy end for comversion to protemn fat or ot w;
substances  Zilsersmut et al * found that the over all rate of oudation Of
glicose by the allovan-diabetic rat did not dffer sigmficanthy from hat ¢
thenormal Villee wnd Hastings *usmg the solated ratdiiphrigm tec]llllfl“"?
showed thit when no msulin was added glucose utilization and glucrhI
metabolized to carbon dioxide were lower than normal 11 muscle froml:t
loxan-diabetic rats and greter than normil m muscle from \drcmm]
tomized by pophy sectomized and adrenalectosmzed by pophs “'Cmm‘m J
anmmals also that glucose synthests withcut msubin 1> Tower than nnrm
1n diabetic and adrenalectomized rats and greter m by pophh oe(tn’;ﬂlm
ciabetic adrenalectomrzed and hy pophs sectomized \drenalectomized T
The addstion of msulin increased the amount of glucose appearni ﬂﬁ!mnt
10 afl but the diabetic diaphragm 1n which the increase #as ot signt

(82)
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84 ABNORMAL CARBOHYDRATE METABOLISM

stain or the periodic acid method in tissues fixed under one hour post
mortem, and 13 much more marked than the stain would indicate i tissies
fixed a longer time post mortem

{n most tissues there 1 « rapsd drop i demonstrable ghy cogen in the fint
hour, and but httle change for some hours thereafter Yater, Osterhers,
and Hefhe' found by microchemical analy sis that one-half to three-fourths
of the glycogen in the rabbut disappears in the first hour and that from then
on the rate of decrease 1 slon

t or none  But
olute aleubod-

fixed tissute after ten vears  Bran? found 3 per cent ghengen pr?l\m:\i;;
a liver Raverling-preserved for exghteen months Ordmary formha cel-
inhibat enzsme action and <o prevent ghycolvas  Traces of b'o‘hl;“m:m
jular and mtranuclear ghy cogen hayve been demunstrated n this laborateer
1n formalm-fived diabete by exs after preservation for over tw & e'}“?wn
Old pwaffin-embedded issue 15 quite sustable for glycogen s\‘:ms.
though the ongnal fivative may have been in aqueous solution utthzeds
Results.~~Both surgical and post-mortem mﬂ}m“‘.h” b?ennimlad\
and the glycogen distnibution studied m the 1 wrious tissues, pa d

Once fixation has nccurred, change w ghy copen b shigh
hittle change 1s detected i stawnrag property of gl cogen mal
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Tt 41 —Molirate amount of gheogen m edls of penportal zone of lver Vo
Kheogen i bver eeld nucdie The effeet of ineulin treatment  DA27 4 Fumle
aged koventy e years Duration of diabetes ame vears Best w armune stam
X9

SERT

e ‘Q‘. . e
IR AT

an= 42 —Slight amount of gl e gen nstrscted to livet eells of periportal zones Mo
00 Femal wgelaivtysevensears Duration of disbeies twa yoars  fhest « carmin
Mam X g5
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CLYCOGEN DISTRIBUTION 80

not only on gly copen formation by the nuclens but 1l o on the perme ity
of the nuclear memhrane for gl cogen

TariF 12 —C Lyce cFn CONTENT 0F T veR-cBLL \NUCLFL

None Stgit Voderate  Marked

T ype of treatment N % Yo % VYo % Ao %
Nomsults 8 21 13 % 8 2 ) 2
Insubn 28 6 o2 3 " 1 2
Tosule 1 fectio present 6 5 1) 19 18 18 6 6
Control (101 hiabu tas) 16 5 34 3w 4

Glycogen 1s most marhed 1n those cells in the pertportal region  Ire-
quentls the cells about the central vem contun none although 1t 15 present
elsewhere m the lobule m large amounts

There 15 no antagonism betw een the deposition of fat and gls cogen buth
being often prescnt n the same cells 1a large amounts  The histological
foundation for the rather presalent belief n this antagonism 15 probabhy
the tendency of gl cogen to be deposited at the periphery of the lobule first
and fat to be most promment about the central ven  However these dis

rendered invisible in these cells with an adequate blood supph where s the
cells about the central vems cells which hiveto sit at seecnd table  mas
be faihy easily Jorded with fit which thes cannot metabohize ind which
thert fore rum uns m v rstble form within the eells

For some reason the ribbit, m contrast to the human shows the glyec gen
deposits to be chiefls 1n the central portion of the lobule 2 3 In the dog
an even distribution through the lobule is the rule but m hepatic ijurs
the depnsition 15 most mirked abont the central vems

Teeultarly enough Iiser gheogen seems to be mercised m the alloxin
dubitie 1t = ¢ The explination 1 obscure Overactivity of the adrenl
cortex may be puth responsible ¥

Lstunations of Iver ghicogen vary gredth T ppinger?s gues the pos
sible amount ¢ f gh cogen i the hiser of & well nourrhed man as 400 grams
0 to 2 pireent)  Dudles and Marnn™ found 5.5 per cent in rabbits
and Fasher and Lackey* 4 6 per cent i fed and 0 3 per cent 1n fastmg dogs

Tartd 13 Crvcores (ovmnTor Tiver CELIS

Vone Sight VMolrate  Markad
PG o =

Type of treatment Yo % Ye 5 N 5 Ne

No sl n 4 20w B 8 X 3 1
Invul n s m 12 3% 13 40
Insuln fection present - R 2 31 2 1R 20 21
Control (nondinb trcs) 103 1 0B oH 18 4



88 ABNORVAL CARBOHY DRATE METABOLISY

1t seems probable that the hearts of infants of diibetic mothers alw
tend ty bave a higher than normal content of gh cogen (see Thible 41, page
252)

Lucr dSmee ghcogame distention of the nucler of liver cells 13 found m
man} other conditions than diabetes, this cannot be regarded as of purticu-
lar mmportance However, m diabetic patients there is a very defimte
reciprocal relationship between the amount of wtranuclear and the amount
of mtracy toplasmie glycogen  When mtrannuclear gly cogen deposition 13
marhed there 13 but Iittle or even no glycogen m the liver cells in thewe
cases  Conversels when there 1s much gly cogen stored i the cvtoplism,
there are few or no nuclel contammg it

5
'

¢ . .
g
. Ay T ;
. Sh Y :‘}j&‘g«g\
. . AL
EEC T AP A )4 7 0=
rtamt
Fin 43 —Liver showing mo A . N
to penportal zone Mo ghcogt Lo o
1020 Male aped fifty years ** N
st X 25
s

regard the sacuolation as 4 rehiable mdex of gly cogen he

Eger and Klarner® mamtamn that gl cogen 15 formed m the nud‘ellrx‘:l [0;\‘(:0!\
Inner cell and then deposited or stored in the cy toplasm The a‘cu et
1n the nucleus m dibetes 13 regarded as mdicating that msulin has
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Leeding, dogs s diet smmbr to Vot « standard diee for man Junhend o
obtuncd a v duc of b3 pereent A macmuan of 4 4 per cnt w18 attaned
By Salter s mine

The abave table gines evsdene of the tffect of wsuln m promoting the
depostt of ghcogen an the hver although this effect 1 samen kit lessened
moseptic ewses  Inseverd ditheties without isubin even chemieal evamina
tion 1 shew no or ver hittle gh cogen t the Irver ' The one nondiabetic
Iver showang no gl cogen histalogic ills was 1 ¢ ise of healed tovic sclerenns
with jaundice What bearmg this may hnve on the diowat finding thit

1
It 44 [wer davog marked gheageme \nflfratian of lver eclls ﬁﬂ‘«ﬂ:rz
1wl trestu nt - Al a s fatty whlteation. DAY 31 ¥ mal g Al ey
Duraton of Pibcte 12y ars B tsoarm ¢ Do X 150

c1ses of eirrhosts of the ver md dnbetes do yot do so well under m»u(m
treatment ns uther cases (v uncertnin but it suggests that there m'xl e
smpurment of errholn drate storage sn arshows Ruvdin® has suntined ll’{:
the evidence m favor of this view and concludes that mured her &
hue deeresed ibilits to sy nthewsze wd store gheagen

Recenth 1 fou studies of Iver gheogen hinve been o
prtient by needlc brops Bonds and Sheddon i acte of dre (nt.:‘ o
which k1d been untreated for ten hours found only v trace g \]‘r‘:" "
o e bopss  After «even and one-llf hours of treatme nt t:‘“ o
mrhed restorition of gl cogen but £1t vacuoles were pumeroRs s
1ater there was 1 <light further inere we wm gl o ger but no chwnge

mide m the Iswg
A
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96 ABNORMAL CARBOHY DRATE METABOLISY

monstrible  With termmnal blood sugar levels below 300 mg per cent no
gly cogen was found 1n the Lidnev s

T ofuntary museles A specimens of muscle came from legs apu
tated for gangrene Thev therefore may posaibly be of dublous value
owing to the mfluence of an umpared cireulation which would certamly
nterfere with normal ceffufar function, and mught well wfluence the fune
tion of glycogen storage  Howeycr, the muscle was alnays taken from as
near the site of unputtion as was possible without cbtaining traumaized
tissze In this war healtin tissue could be obtamed  Thanhs are due ta
Dr L § Mchattriek for permitting the use of fresh sargical matenal fre
Iis enses  In the awtopsy mwtenal portions of the pectoralis major were
utilized

TBtE 18 —GLyc 0GEN CONTENT OF \ OLUNTARY MsCIF

None St ght Moderate  Marked
———— —— ——— =
Type of trealment  No 9% No % No % Ao %

1 1 5 "2 1ou
32 9 M

39 30 AR 15 0
ot 12 4 80N

Nowsubin

Insulin 1 8
Inculin snfection present 1 1 20
Control (nonduat ctics) d

Although the rvesults summanzed m Fable 18 are perhaps not statutl
cally sigmificint there 1 2 tendener for decrease m muscle gh cogen 1o the
cases of dirhetes as would be expected from our knowledge of the disease

Vusele gl cogen has not <o great significance for the dubetic as Iner
glvcogen smee only Iner ghvcogen 18 directls transformable mto glicese
avanlable for use of 10t the cells of the bods ¥ !

81 Unnat® has called attention to the presency, of glicogenn nurm'l)
shin  Recent worh suggests that relatively hittle 1 present under usid
creumstanees ¢ dhds

TWhen 1t 35 pre~ent the epithelium of the stritum corneum sweil ,ofz .
sebaceous glinds and hair follicles ecntuns most - Becher* ‘I‘“"“‘]‘ : fer
glveogen 1 the duct cells of sweit glands 1w newborn mfwts ;1 e
cases of diabetes the erector pili mitscles show hews depo s ¥ lt’l "
Stores ehewhere m the shin are lmost completels depleted  T1e :i: .
states that 1n the depancrentized ammal Ul gl cogen disappers ; arr‘e
traces m stratified epithelum nd 1 ertilige Both these s

avaseular . o
Certun of the histological prepar ttions i the e rlier wrle{w (5 d“(‘zre\ .

paralleled by chemical determimations carried out by Trlx)n;b ne c;\;\) i

Then found the as erage sugar content (total redncing substa e and

ysele and sk to be n nondibetics 126 61 and €9 mg'hﬁnges o plood

ctrvely

dinbeties 238 83 and 163 mg per cent respe Soar

sugar S ere much more closely followed by shan sugar than by mui‘t‘ll:; : o
Tt 15 perhaps premature to attempt to correlate Vanations 10
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monstrable  With termimal blood sugar levels below 300 mg per cent no
gh cogen was found n the hidnevs

T oluntary muscles  \Iamn specimens of muscle came from legs ampu
tated for gangrenc Thet therefore mav possibly be of dubious value
owing to the mfluence of an impured circulation which would certanhy
mterfere with normal cellular function and might well influence the fune-
tion of glycogen storage However the muscle was alnavs taken from as
near the site of amputation as was possible without obtuning traumatized
tissue  In this wan healthy tissue could be obtuned  Thanhs are due to
Dr I S VMechattrick for permitting the use of fresh surgical maternl from
Iis cases  In the autopsy materal portions of the pectorahs major wefe
utihzed

TABLE 18 —GLYCOCEN CONTENT OF } OLINTARY Muscre

None St ght Vfoderate Varked

e e s

Typeoftreatnert  No % No % No % de %

Nomsul n o5 2oL

Tosulin 1 8 3 23 9 69

Tnsul 0 nfection precnt 1 1 2 P 3% 40 15 W

Control (non ! ahetics) v % 12 n 8 ¥
Although the results summarized i Table 18 are perhaps not statr ;11
cally sigmificant there 15 1 tendenes for decrease m musele g cogen in the

cases of diabetes as would be expected from our knowledge of the di eae

Muscle gh cogen has not o great sigmificance for the drbetic 13 Tnver
glveogen since only Iiver glyocgen s directly transformable into glucoe
asailable for use of all the cells of the body ¢

Stin Unna* has called attention to the presence of glicogen il ™
shin  Recent work suggests that relativels ttle 15 pre ent under usu?
arcemstances

When 1t 15 present the epithelum of the stritum corn
sebaceous glands and hair follicles contams most  Becher*? spex
glicogen m the duet cells of swet glands in newlmn mfmts In HT\
cases of diabetes the erector pili muscles show heavy depo its when tl ,:
stores elsenhiere m the shin are 1lmost completely depleted 1‘“‘“""(
states that in the depancreatized amumnl all ghcogen disappean exeep
traces 1 stratified epithelium and m cartilige  Both these 1 sues wE
avaseultr

Certam of the histologieal preparations m the earler sert
paralleled by chemical determmations cirned out by Trimb

1t

peum sweit glands
ko fmuch

es (5 W) \\er:‘
d Carer

le 'm\( £ hood

dm

foocd

Je sugar

sugar v ere much more closely follow ed by shin sugar than by musc! ane 1S
i

It 15 perhaps premature to attempt to correlate vanations i &

L
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sugar and gl cogen with the well-knwn susceptibility of the diahetic pu

tient to entaneous infections  One of us (S W ) his seen several instances

of shin and muscle wnfection with £ coh m which there was sufficient

production of g1s from the cirbohydrate present 1n the tissues to produce
B . P

type of infection we have never scen m nonditbetic pitients  C urtoush
enough the anginal injury and infection of the skin 1n both these cases re
sulted from seratching meident to pruntus showing this may be 1 d mger-
ons as well as an annoving symptom

Brain  Bram tissue does not lose the pawer of converting glucose to
lactic acid mn diabetes  But little of the lactic acid produced 1 formed from
ghcogen most being formed directls from blood sugar # What little gly
cogen 13 present 1n the bram 1s prohably wamobilized as 1t does not fall
following pancreatectomy ¥ Kerr and Ghantus® found an averige of 011
per cent 1n dog brain 1nd 0 08 per cent in rabbt bram  Munzer® demon
strated stamable ghcogen m humin retina ependvma chlcroid plexus
sl Fr 1 ogen has been found one

N\ - te ependyma wnd chorosd
- ] ' tout of 19 ¢1 es dving of
diabetic coma

Eye 'The pigmented 1r1s epithelium of the eve may contain large quan
tities of ghcogen associated with the vacuol sted appetrance of the cells
and with considernble fragility of the iris a fret well hnown to ophthatmie
surgeons (see Chapter 13)

Pitwtary  \ledwedeffs' noted much glycogen i the anterior prtuitars
particularly of 3 cases ltnzer’ noted some m the neurohypophssis
Stams far gh cogen were not done tn the present serses as the material was
sed for sernl sections

Placenta Txamm ition of plicente from diabetic mothers hs reve ded
%o sigmficant difference m glycogen stor ge from that of normal mothers
(8ee also Chapter 23 )

Leuhocytes  Glycogenic granules were found 1n the Jeukocytes of the
granulocvtie series i 18 cases of diabetes all of which shoned evtensne
depoats elsewhere tvpieal of dibetes This finding 18 less sygmficant as

TABIET)  CLYcoCEN ( NTEXT OF I Bt nOCYTES

None 1 ght Voderate  Marke?

Type of treat ¢ ¢ ‘e % Ao % No % No %

Nownal 1 -~ 5 W 3 0 4o
In ulip 11w

Tl 1 fecta pres ot 3 9 2> T 4 1z s
F I

Cefr 1 Tabotios)
7
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monstrable  With terminal blood sugar lesdIs below 300 mg per cent no
gl cogen was found m the hidnevs

T oluntary museles Many specimens of muscle came from legs ampu
tated for gingrene  Thev therefore may possibly be ¢f dubions value
owing to the fluence of an unpured circulation which would curtamhy
nterfere with normal cllular function and might well mfluence the fune-
tion of glicogen storige  Iowever, the muscle was alwavs taken from ss
near the site of amputation as was possible without ohtmning trawnatized
tissue  In this wasy healthy tissue could be obtamed  Thanhs are due to
Dr 1 S Mchattniek for permitting the use of fresh surgical matertl from
his cases  In the autopss matersal portions of the pectorelis major nte
utilized

TaB1E 18 —GLycores COSTFAT OF Y OLUNTARY MUscIr
None Shght oderate  Marked
— e
Yo %

——
Type of ireatmer Ao % A G Ao %
M

o msubin 1 1 5 72 !
Insulin 1 8 ] 23 9 & »
Tnsuhin infoction preacr t 1 1 2) 39 0 40 B b
Control (nondiat etics) 7 o2 12 4 8

Althaugh the re<ults swnn inized n Tablc 18 are perhaps not atm‘(‘,lf
eally significant there 1s a tendency for decreise m muscle ghagenmt
¢1ses of drabetes as would be (vpeeted from our Lnowledge of the dls;‘a\tr

Muscle gl cogen has not vo gret significanee for the dithetic n‘l\ l‘\;
glycogen since only ver ghycogen 15 directly transformable imte £lue
avalable for use of all the cells of the body ¢ ol

Shin TUnnas has called attention to the presence of gl gen :;l W‘Y] lm'
shin  Recent work suggests that relatively httle 14 present un et
errcumstances st gl |

When 1t 15 present the epithelium of the stritum mmeu:n W el
sehtceous ghinds and har follicles contims most - Becher® pet *]n Y
ghcogen m the duct cells of sweit glands i newborn nfants b e
cases of duibctes the ercctor pili muscles show heavy deposits \; Fert
stores elsenhere w the shm are tmost completels depleted ”‘iwpf
states that i the depancretired amun] all ghcogen dmppt‘l AN
traces i stratified eprthelum and m cirtihige Both thee tt
avascular -

Certam of the histologrea! prep irttians w the eher ~ﬂ:’]“ Sul“(‘}m N
paralleled by chemcal determinations carried out by Tr‘l)m' " :095) o1l
Thes found the average sugar content (total rpducmfhsu stan® o and

Slood

ugar

e 1$
Tt 15 perhaps premature to attempt to corrertic & u
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sugar and gl cogen with the well known susceptibilits of the diabetic pa
tient to cutaneous infections  One of us (5 W ) his seen several mstances
of skin and muscle mfectton with I coh mn which there was suffictent
production of gas from the cirbohy drate present in the tissues to produce
crepitation and so simulite gas-hactllus infection  ['wo of these eases re-
sulted fatally, and bacterologic 1] studies both post mortem and ante mor

tem <howed onls coliform bacilh and staphylococer to be pre ent  This
tvpe of infection we have never seen i nondiabetic pitients  Curtoushy
enough the crigmal njurs and infection of the skin 1n both these cises e

sulted from seratching meident to pruritus showing this may be a d mger

ous 15 well as an nnoy ing s\mptom

Bram  Bram tissue does not lose the power of converting glucose to
lactie acid n chabetes  But hittle of the lactic acid produced 15 formed from
glycogen most being formed directly from blood sugar® Vhat little gly
<ogen 15 present in the brun 1s probibly mmobilized 13 1t does not fall
following pancretectorny Rerr and Ghantus® found an averige of 01
per cent in dog bram and 0 08 per cent m rabbit brun  Munrer® demon-
strated st,unahle glveogen m humn retma ependvma chl roid plexus

' T 1y cogen has been found once

N s the epends ma and choroid

' ' 14 out of 19 c1ses duing of
duabette coma

Eye The pigmented 1m1s epithelium of the eve may contam large quwn
tittes of gl cogen 1ssoctated with the vacuol ited appearmee of the cells
and with considerable fragility of the s  fict well known to ophth e
surgeons (see Chapter 13)

Putwtery  Mednedeff? noted much gl cogen in the anterior pitwitary
partienlarlv of 3 cases  Vunzer® noted sorne m the meurohypophysis
Stams for gl cogen were not done m the present scries 15 the material w s
used for serial sections

Plarenta Fxamnation of placents from drabetic me thers has revealed
no significant difference m gh cx gen storige from that of normal mothers
{Scealso Chapter 23 )

Leukocyles  Glicogenic granules were found m the leukoc tes of the
granulocy tie settes i 18 cuses of diabetes all of which showed extensie
deposits elsew here ty pietl of diabetes This finding 15 less sigmficant as

Tasir 1t ( Lrcogen CONTENT OF [ & hOCYTFS

Nonc N ght Mode ate  Warke?

Type of treat wnt Ao % Ae % No % Mo %

Nonsul 1 7 5 33 % 2 & 40
Towsul n 1 o o a0

It nifetor vt 3 9 25 76 4 12 1 3
2 il 8 80

C rlgro it tiew)
7
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most of the cases were ones with e wdence of sepsis  Ghcogen gs u walk
present m pus cells

Other tissuce Medwedef!? and Geypel* record the ocesional prestnce
of ghvcogen 1n 1 rious tissues g thy mus

Value in Dragnosts —The value of this means of histolcgient dingo
15 well shown bt 4 case (No 3928) where the cxistence of diahetes w1
established by the abnormal gly cogen distribution Mass A PP iged ixt
mme vears wns supposed to hyve had imld diabetes but the diigncss was
never defimtel esttblished In \ovember 1928 <he developed 4 left
hemiplegiy and griduddly gren wore with mental detertorati n She
showed no sugir in her urine but this was probabls due to the Jow catone
mtake which was hittle over that which would be allowed 1 moderteh
severe diabetic  Death occurred Tehruars 9 1920 and wn aut ps #n
prformed three hours post mortem

The chief ¢ tuse of deith was multiple foci of necrosss «f the curel rum
secondry to arteriosclerosts  [here was chronse pwereatitis with slers >
and hyalinzation of the 1slands of I angerhans

Best s carmine stun showed a shght tmount of glycogen n the beart
and voluntars muscle 4 trace in the I er cells much m the Ity cr-cell aucler
and 1 moderate umount m the eprtheltum of Henle s loops  On these finl
ings 2 diagnosts of diabetes mellitus was m ule

Not onhy 15 the gh cogen distributton of consider ible ard m establishing
Tt

we b Avan

a diagnoss f

example Case entereld

the hospital un Mowng
Iitle food

a gradual downhull course of tno vears duration with relatnely
intahe  She had been aduised to enter the hospital ses eral trmes pres towsh
but refused untdl practically o exire - o
sentiallh negatie except for weahne
was found in her possesston and she
amounts for the prst two vears December 10 at 11 43 C)lewm\toh\]“
respir itions were noticed her blood pressure w s too low to rexd her puptv
were still contricted The niree stated that during the pst three and 1
half weehs the patunt hid not taken more thm a4 small friction of a11ammt
tenance diet December 10 2t 11 30 431 1000 cc of T pertime ghoens
solution were given subcutmeoush  Subsequenth catheter ~p€“"l‘}“ :(l
urtne showed 2 per cent sugir but no acetone or dicetic acr | with b ‘l
sugar of 670 ing per cent  No pre ous unine spectmen had bren ewmm?;‘ "
owing to her ncontmence of urine nd feces  The findimg of ths ‘";ﬂ
sugar led to the susptcson of dimbetes  Death accurred on Decenber
at910ry

However at autopss twelve hours afterward the pancreis was ft(l]l:lf
to be normal there was tbundant gls cogen m the hser and 10 the ;xlu;dm
there was no gl cogen m the lner cell nucle or n the hidners . Y:’t o
wards the gl cogen distribution was that of a normal mddual
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membrines  of connective tissue and blood vessel nalls mav phuy gnm
portant role in disexse states espectally 1n those which appear to mohe
collagen primanh  ind m the so-called degenerative diseases  Inueed from
« broadh speculatn ¢ pomt (f view practicalls il the hstological Jestons
wsocsated with dsrbetes may be mterpreted as representing 4 disturbance
i metabolism or storige of polvsicchandes esther relanels simple one
(gl cogen) of morc complex saneties (mute pof savehatides)  (See Chapter
28 for discussion of this pomt )

SUMMARY

On the whole 1t may be s ud that there arc many gips n our hnovledge
of the histochemustrs of carbohydrate metabolsm especiifh 15 regard
the locthzation of ghicogen depostts  Indeed the deposition of gly cogen
1n such apparenthy bizarre and meaningless plices as the ins epitf it of
the eve nucles of Iiver cells and cells of the islands of Langech ws s diffic it
to correlite vith any hnown ficts of carhobs drate metabohism

Letterers? has recenth. wntten an interesting revien of the problem of
storage wd storige diseases  He proposes the followng dass fiestion
based on von Gierhe s term  thesaurismosss (1) thesauross or physie
logteal storige (2) thesauropathy or diseises of cells tissues «r orgins
28 a consequence of storage of a particulr maten) 2e true storged e1¢
and (3} pathe thesaurosss or pathologieal storige n priman metabolie
diseases (thss he also ealls  Stapelungsdistrophte o deposition s
traphy)  Presumably the peculiar gh cogen depostts 1n diabetes melht 1
come under the thied classification \

1t 15 to be hoped that some of the newer methods™ ™ for histocherica
demonstration of polistecharides and eazvmes mas lanfy some of the
histological manifustations of aberrant carbohvdrate metahohsm
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The kst mstance of this strihing change w the splecn w s mentioned by
Coats ¥ The patient, suffering from diabetes with lipemss bad died m
comr  Lasge hipoid-contammng cells made up most of the splenic tissue
Other 3 o5 have since been reported and a general discussion 1s grven by
“chas it ®

et pr:
R 7 e
Jd 7T Seal S £ -
AR, B2

Fie 49 ~Tipo 3 stiocyions of q 1w Cae M1 R Mal aged snvtecn vears
Durwron of dabetes five nr Fahalf sears Deathin omawnhmarke tip ma ) oun
methy) pe blue stam X 500

Severt examnples of this conditan ke heen wailible for studs i thes
laborators tueluding mutemal furnshed through the hundness of Des
P B Mallory I M Rabmovtch wd B [ Iafle

1t was noted m these cives that while the splecn was most stribung the
ttientoendothel il cclls elenhere were imvolsed 5o 1ir as can be judged
{rom the stuning reactions the hipod 1s present in varsous forus and some-
tmes even varies m the same case though cholesterol esters or relited
sbstinces predopunite  Thus ih one case the larger droplets are pre-
sumabls soaps or fatty auds among which according to the retetton with
osmic acrd are unsatur tted fatty acids  [he smaller droplets cont un chal
esteral esters

case of generihized xanthomatosss was reported by Tubarch® moa
“oldier aged twents-six years with disbetes of tho vears duration who
deseloped « marhed hipemi i Fenlargement of the Is er Lite s the disesse
At nutopsy o small pancreas with atrophic istands was found 1s well as
widespread xanthomatous mfiktration
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One of the puzzhng feitures of thy coneition 15 the v 1nvits i 10 chetcal
constitution of the hipords tehen up by the cells of the reticnlo-end thel!
ssstem and the difference hetween these ipords and thesc of the ol
Of course the stmning reactions are not entirely rehiable crtersia but m
<everal of the cases of this condttion there 1s marhed difference in the rerc-
tions of the lipotd matemal in the arculating blood and that present nthe
reticulo-endothehal svstem  The <electnve absorption of chole terol ccm
pounds and phasph itides seems not tmpossible

Anitschhon® produced 1 somewhat simulee preture m the spleert of ans
mals by cxpenimental feeding with cholesterol

In chuller Christian s disease! cholesterol wd its esters are deposited
especnail 1 the membrinous bones  Thns hias no defintte associition with
drabetes mellitus  The hipoid stored 1n Gaucher s dise1se 1s chuefls hera
sin 78 In the ipoid histioeytosis of dinbetes the splecn never attams the
large size of Gaucher s dise se

The ewentnl splenohepitomegaly of Ntemann Prek must be distin
gurshed from the lipoid cell h perplastn encountered m diabetes  In this
former coudition the hpoid laden cells are present in the pulp s Here
the Lipotds are chiefly phosphitides  Lhe matersal present in the diabetic
Iipord histiocytoss 1s somewhat different cholesterol fatty acids and neu
tral fats predominnting with a small amount of phosphatides )f ne mas
trust the rather uncertam results of stamning reetions  An excellent revies
of the condition m dirbetes 13 given by Smuth

As one of us (S W ) has prestously pomnted out athcromata of the sorta
are very frequently assoclated with this eondition  drabetes reg irdless of
age Thus 1 the case of Oppenhemer and 11 hbergt” “‘hef"m"t?‘s
patches were found s the mtim= of the aortn and m the emlocnrdméﬂ of Iﬂ
gl aged six years  Atheromata were found i the aorta of our ﬂj;od
only sixteen years of age and our Cv e IT thirty three years of age :
of infarct of the heart resulting from marhed atherom tto 1s and sdema\xsﬁ
the coronary arteries with miolvement of the aorta as well Case b
aged twenti-one \ears showed numerous atheromatous patches 1
intim of the sorta a~did C1se IV aged tnelse years

o THE SKIN
1he assocation of vanthoma of the shin and dnbetes Tas long l;l:ll'

e
known  xtnthoma ditbeticortm  bemng 2 fumbar phry e to every

student

It 1s important to distingussh
pebrarum) and xnthoma dnbeticortin
slowly gronmng flat yelfowwsh tumors of the
wsually bilateral and not occurnng mech more ;
1n the generl population Microscopiealls they are made ul

hetween santhclwm (santh ma pal
21t \anthel s refers to bemgn
4l portren of the eveld
frequently i diabetics than
p of fat-con
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tumng myrophiges but may not show s many  Touten gt «ldls *
as (ther types of xinthowma Nanthoma drbeticorum which 1 called
xanthom eruptryum by some vuthors®** and not sharph distinmished
from xanthoma toberosum by others™ 15 apparently defimtels reltted to
hvperlperma Thannhauser® classifies it as secondars eruptive xanthoma

d with sy 1c hvperl v It occurs 15 1 tumor like
Tesion often brillint vellow assoetated with a red periphery which 1 chir
actenstic  The lesions mav appear quite suddenly and arc usualls e t
numerous on the outside and bk of the forearm and ¢ pecially 1bout
the elbows and knees where they may be confluent  Histologically thes
are ndstingiishable from xinthoma tuberosum beisg made up of hpoid
containing macrophages with oceasional  Touton giant cells  They may
honever show more periphernl mflammatory reaction and more fibroblastic
proliferation than xinthoma tuberosum and f biopsy 1s tahen when the
lesion 1~ undergomg involution cholesterol and other Itpords may be found
extracellululy as well as ntracellutarly  (Figure 50 )

In this diibetic series true xanthomas are extremels rare in spite of the
fact that hy percholesterolem 1+ furly frequent # There appears to be
ccasiderable vanation m the cholesterol fat ratio in these lesions

However oecasional cases a <ection from onc of which 1s shown
Figure 50 show grenter relatine amounts of cholesterol In thus case chal
esterol made up 45 per cent of the lipoid present though only 1€ per cent
ofthetotal mass  Curiously enough the tumors 1n this patient disappeared
as rapidly under dietars and 1o ulin treatment as do the ordmary x1n
thomas

Fxamination of the eyelids by Waute and Beetham® showed 59 xanthel
asmas among 4 001 diabetic eves (1 5 per cent) and 7 among 914 nondty
betic eyes (08 per cent)

In 4 of Joshns'® 12 cases of xanthoma dirbeticorum lipemta retimalis
“as also present  Arcus shows no definite association with hy perchol
esterolema

The highest blood cholesterol value associated with xanthota found m
this laboratory 1s 781 mg per 100 cc  In practically all cases of xanthoma
reduction of the fat 1n the dret has reduced the blood hpod wnd hs resilted
1 the dis ippearance of the xanthcma  One of Wile <3 cases wars a diabetic
When the patient was placed on a practically ft free low-cilorc diet the
multtple xanthomas which he had decreased marhedly m size  Later the
Pbient %43 placed on a relitivels high fat diet on which he I cc ime sugar
free and the tumors showed an ey en more rapid disapp irance On resump-
t1on of normal diet the xanthomas reappe tred

The presence of true xanthom 13 a strong hint that t) ¢ diet need> revision
from the standpoint of lowerng the lpoid mtake  Adlersherg «f al*
believe that the tendency to xanthoma 1> inhented as an  tncomplete

Thus 15 g ant eell in which the muclexlie near thcenter of th_cell groupc Earound
**mallisland of nonfoamy ey toplasm and surrounded by fosn v ¢3 toplasm
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domnnt trast 1n persons whe erry two tmormal genes for cholesterol ang
that atheroscleross 1s s frequent i these peaple

Still another factor to be considered 1 that the diet of the arerage dix
bette patient 1 nch in bipochromes and Jocal eutaneous lipod deposits may
vers well be emphasized by depostion an them of hpochromes € onnor
found the narmal rige of carotinemia to be from 00 to D07 mg and be
found m 18 of Joskin s dishetie patients selected at rindom v vines ringing
from 005 t0 0 W mg Vs Hunt m ths Taborwory Iy i fosmd m 19 deter
mmations on diabetic patients who were chmenity sispected of ¢ wrotmemia
values rnging from 0 09 ta 086 mg  Whether earatin hag wvthing to do
with the peculiar yeffowish color of the bones i same ditheties® 1 not
clear

~t ol
o1 b peis of o b

Tr A0 SCtir of a1 | skl s orum Doation
endtal unt 11 bmd nw conrective tsu Mal age {forty N(RH‘::!’.;mntmcnf
of doaietes pigh £y ear Lo sons smibay to that sl ove eleare [ap an for 1o

Hunstanilncosn stam X 20

m
Necrobosts Tipowdica diibeticorum was first deseribed by Opp(":}‘l‘:md
but numed by Urback 3t Twenty five cases most of them voung
amoug Joshn »¥* pitients ihe
lhfdnmxe 15 1ot confined to diabeties although about :)Olp(;;mnlpl;mk
and
riported cases have heen diabetics mostly women s
coﬂtrnlled According to Hildebrand efal ® the gross lestons may g0 th

i1l
four phases (1) 4+ small redds h infiltrated papule (2) an nereasaing]
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Table 21 from Ophuls * shows the neidence of gl stones by age groups
in 3000 autopsies of whch only 34 were performed upon dishe ties

The avmfable statistics 15 1o the accurrenee of galt stones vy groath
from 3 per cent 1 Vhite v series of 11031 atoopses based on Gm s
Hospstalmatenal to 21 per cent m Mentzer s¥ series of 500 1utopses at the
Mava Clune Raufmann®® at Basle found 10 9 per cent of 1t 02 autopsies
to show gall stones

Wilder™ reported 10 ¢ wes of cholelithirms and 4 of ~overe cholecist tis
tn 55 qutop ses on ditbetic patents performed nt the Mavo Chinie or 2
per cent nith cholehithiress and 345 per cent wath golf bludder d erse

¢
¥

e A 4 1
iz g

\
- Tio 52~Cross section of sovee
o trom Cane DA 5 Forale of the stones shonn i Figure &

lestern} from Case DA2™ 95 Frmale
aged sty years Duration of dibetes
five vears These stoney were found
st autopsy  There bad been no defi
rite g3 mptomatalogy pomting toward
them

8l ghtly enlerged

Thus compares cfosefy with our findings (31 per cent of 453 wit p (l:;\ :;::l;
ing cholehthings and 30 per cent showing erther cholelithit 13
ey stites,

This )mcrea&ed prevalence of cholelthiaus and chol(c)\“;“s ‘:‘ \;lr:dx,::;?
13 of ob 1ous smportance from tnoangles  the gall bladder ne;‘e;n s
and the marhed depression of sugar tolerance exerted by am inf
process tn the diabetic organisim
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"The bulk of stanes found are of the rholesteral ts pe, though oeeraonally
the pigment-ralewm stones are encountored A fen examples of anahies
fram 1 sertes of duwbetic and nondiabetic gl stones performed by Dr T
T Trates m thes Iaborators are given bedow wnd Wlnstrte the marhe)

Lante 23 ~Asanasis or Gat Sones (Dry Waaon)

¢ e Aunderof Cholesterol  Cal yurs
No Diabries  stones  per eent pos sond
703 N { P
319 " oL we
Avere + we i
T iough + o & b

yartion s chemic il constitution th it iy occur awmong stones from dir-
bettes  Noneter the frequent occurrence of cholesterol ncl: wtones m th
thabetie sertes wod the statistiedd evidence sugpist & connection betnern
dimbetes, by percholesterolemia, and gall stones

Vhalder®® felt that the unusually hegh maidence of gall stones in dnbetses
prettonsly seported By Root and Warnn® could not be sabstwtiited be
the results in hisseries although his figures were omparable to theirs, as e

€ g

m
manirbeio

IR
s nas

Tyr 58 ~Calewm and prgmert
Wones from fomale, aeed wts

Y1 53 —Large sigle ol olesternl

stom with xmall amount of caloum i

1t ot und found 1a nonduaintic p seare  Duratim vf!\(\f\b\(m‘“ "}

tunt Female aped Sif3y oneyears aeams Thiars one of the frkoer
iahetos shonang b s aledm ot pIE

et stone ratber than the (i fs
1010} ype of stonc

tic and controt
rol series whach

comdercd the difference m prosalenee between Tns di e
o whncl

<ersesshight  However it must be remembered thit the (:n\( P
Tre used for comp inison was hised on matert from the Mo (i
would paturilly he wetghted wath eases of galitane dmense
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In Taible 24 the ltsers are grouped by weight and ge  For weights
under twelsve years of age those of Coppoletta and Wolbach* are considered
normal for ages 13 to 19 a range of 900 to 1400 grms for adults the range
from 1400 to 1800 grams has been nccepted asnormal The table is divided
into three parts the first made up of those cases dymg prior to Januars 1
1030 the preamsulin eases and those of the e arly Banting Fra and the second
wnd third parts of those cises dymg since that date  Most of the latter
recened more hberal earbohy drate diets ind more msuln  Howeser the
Inver weights are strihingly similar in the three senes  While there 1s a
shight trend toward heavier Iiners in the dibetic patients this 1s far from
strlung

Velule 1t ks been generally assutned that the mcretse m size an ! seight
of the liver i diabetes 1s due to fat this does not exclude other factors
Fnlargement of the liver has been shown to be due to glycogen storage to
circulators changes amyloidosts and metastatic tumor 18 well as fat  Of
much mportance 1s the flud content of the ner  Best* hns noted that the
Iiver water content tends to dummsh as the fat content increises

Chiri® emphasizes the frequent occurrence of fat in the Rupffer cells m
the hiver wnd holds that the amount may be relited to the seventy of the
diabetes

The more recent series of autopstes contatns a high proportion of coronan
deaths hence passive congestion of the Iiner may be a factor

The abd 1 pun not nfrequently a ted with a large Iner n the
dinbetic has been suggested by Marble® as secondary to stretching of the
capsule This suggests a rapid change in size—perhaps too rapid for fat
depo 1tion—but quite compatible with marhed tacrene i tracellnlar

flud
In a series of diabetic and nondiabetic v ers analy zed n ths laboratory
by Dr Nellie Hallidy the total fatty acid ranged from 2 2to 4 3 per cent

wet weight of fresh Iiver n the nondiabetic cases and from 41 to 108
r. 2 v med fairly

formalin fixed liver
The possiehty of fatty degeneration of
tions accompanyng the ditbetrc state must
explam only a limited number of the cases
As h s been already mentioned large amounts of !
preclude the presence of normal or even large amounts of ghcogen
infiltration may occur m son Grerhe s discase 1 oterest
The fatty livers found 1n expenimental diabetes* are of much 1 ol
Drigstedt s assumed mnsular hormone lipocaic 13 effectrve m presen R
sl mmf ss o3 mam the Iners of depanerentized dogs \\!x:n Sl“““m

the Iis er m toxemias due to mnfee-
be considered but this mught

fut n the Inerdon t
atty
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Leevy, et al S using o battery of lner function tests, found that 389 per
cent of 350 diabetics had some evidence of Iver dysfunction and demon
strated fatty change or eirthosis m » few by biopss  Honever, Brona
usmg 8 standard tests in 25 diabetics, found no esdence of ymparrment
It 15 obvious that the selection of tests and the interpretation of rewults
must account for some of this disparity

The clums of Taub, ef !, that the “ynvemle’ and adult’ types of
dhabetes can be differentiated on the basis of hver dysfunction (which
held to be the fundamental cause of the adult type) have apparently not
been confirmed by others

In <ny study of vacuolization and the the in hyer cells 1t 13 mport int
to heep in mind the wide norma! vanations  The relation of diet to (vo
logieal changes 1n the Iiver 1s described 1 n interesting paper by Flman,
et al ©

V THE ARTERIES

It 13 possible, though by no means proved that the meresed merdence
of atherosclerosts 1 diabeties may be assocrated with abnormal fat metab-
ohsm  For further discussion of this question, reference may be made to
Chapter 9
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Chapter 7
THL PATHOLOGY O \CIDOSIS \AD COMA

Acrvosts and com in diabetes are ascociated with the ccumulation of
theso-called hetone bodies which are no longer regarded 15 1bnormalmetab
olites but are hnown to be formed normally and abundantly i the course
of fatty aeid degradation  Thes do not recumulate 11y the blood of pormal
persons because they are rormalls consumed m muscle and Irver s rapidh
as thev are formed  Vwhen glucose 15 scarce either because of Ik of
dietars ¢ wrbohy drate or hec wse of loss of glucose 1 the urine or when glt
cose though wbundwth present 1s not t aug catabolized at a normal rate
exeewsn e quantities of fat we trusported frem the depots to the liser and
there degraded probibh to twowarbon acety! fragments ani 1 portion
of these are converted to acetorcetic and I these normal processes be-
come sufficienth evaggerated the rate of acetoacetic acrd formation will
exceed the body s caprats to destroy this corpound and its level m the
blood will rise The re-establishment of carbohy drate metabolisn 1 such
1 subjeet appers to reheve the liser of the necesstty of degrading fatts
ands 9t eveessie rites and s the formation of hetone bodes resumes its
normal rite the hetone bodtes which had accumulated in the body are
etther excreted 1 the urine or destroyed bs the tissues of the body m their
normal fashion  (Stetten')

The pathologicl phyvsiology ¢f drtbetie coma appears to be exceedingly
complex espectifiy s regrrds electrolvte metabolism and gt 1 onfi In
recent years that an msight has been gained into such factors 1> the al
important rule of potassitun  Butler® m particular has pomted out that
many deaths haxe accurred after correction of the acidosts and after adjust
ment of the serum concentrations of sodiun chlonde and ghicose to
normal with no demonstrible cause of deth bemg apparent at autopst

As he mdicates such derths may well I tve oceurred 1w the pust as 3 restlt
of therwpy bemg focuse} on extracelular find concentrations at the ex
pense of intracellul ir needs particularly the need for potassimm

The mpidits of the development of verdosis 1nd 1ts sequel coms de-
pends not onls on the rte and amount of production of aad bodies but
al o (n the amount excreted and the rite of excretion whith are clovels
tnked with the condition of the hidnevs s well as the amomnt of sal
bodies tahen up by the brses of the blaod with displacement of the com
hined carbon dioude '

As diabetios have 2 strihing tendenes to develop anenwden‘)m "3??

clero 13 and preloner
o dea) with the main

wtertlar deease ratercapilliey gl
fadnes € wre frequentls alcerds mmpured nhen needed
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perform siticfactory glycogen stuns on cerebral tissue from mat tses
of dinbetic comn m the few cises that we have examined we canvot b
stantiate this theory
The wntagomn hetween “eptic processes and wsulin  autogenous or
mjected 15 all too well hnown climicalh A diabetic pitient treated or
untreated loses tolerance with even mmor mfections  This 15 as true tod s
as 1n the pre-insubin davs  When attached by infection an msuln treated
diabetic requires more nsulin dunag the course of the intercurrent disease
and promptly drops bach to Ius former requirements when the mfection 15
past The tables in Chapter 5 bring out vividly the fact that the one ana
tomically visible feature of carbohydrate metabolism glscogen storage
tends to approtch that of the normal indwidual m msulin treated cases
but that i cases with sepsts the picture tends toward that of the untreated
diabetic m spite of msulin  Whether this 1s a direct antagomistn 1t 1s m
possible to say
Rare cases hive been reported in which the hver showed normal or in
creased glvcogen content after death from romat Usuallh hepatic gly
cogen 1s depleted  Popper and VWozasek® give Iis er gh cogen + 1lues ranging
from 75 mg to 19 mg m 8 cases of coma with most \alues tonard the
lower extreme  As noted in Chapter 5 Bondy and Sheldon® found only 2
trace of glvcogen m a Iiver biopsy from = case of coma but noted restora
tion of glycogen within a few hours of treatment
Let us conaider the typical pathological findings m a case of aoidosss
progressing to death from coma m a non msulm treated diabetic  The
only changes which we find are those characteristic of prolenged acidosts—
practically nothing but renal tubular changes sometimes with ev 1dence of
tovie mjury to the liver cells
The hidneys are responsible for ses ere functional disturbances and some
of the cises at autopsy show varymg degrees of acute tubular damage
often with marked fatty degeneration? of the tubular epithehum Anuna
or ofiguria 1s not mfrequent ¢ ¢
Rarely renal msufficiency may be so marhed as to prevent the excretion
of the acetone bodies n coma so that ketonuria may not appear *> Nitrogen
retention may be very marked and showers of casts and alburain may be
resent n the urine
P Ho?\e\er the changes 1 the epithelum of the renal tubules n cas&‘ns
dying of coma gre not comparible with the acute damage of toue nﬂi‘l
"Phe vieerosts 15 Jess marhed the absence of polymorponuclear feukocvtic
exudate 1s strihing
The Iner cells are practicalls
with it The epithelum of the
10 the heart muscle 15 mcreased while m the striated
t 15 depleted
! The ::mcreus may show almost any type of leston m the 1:‘»\‘:@!5 0:;;‘;“‘;
sainar tissue or it may show none  Fulmnating cases of dbetes

devord of glycogen their nucler distent {ed

Ladney tubules shows large amounts thit
muscle and shin
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progressmg to coma nd death frequently show hivdropic change of the
slands

One furly frequent post mortem finding 1s the occurrence of blood fresh
or partly digested 1n the stomach and mtestinal tract  Usually no bleeding
pomt can be found and presumably capillary hemorrhages rather than gross
bleeding pomnts are the source At tumes the stomach 1n particular 15 tre-
mendously dilated cansing marhed distress This distention may be a

16 56 —Extreme acute d latat on of the stomach n d abetic coma  Photograpt
by courte v of Prof Dr I B mng

of acute gastric dilatation i dibetic coma 1 as been emphasized by Bern
g one of whose yljustrations 15 reproduced m Figure 56

Lestons similar to those of acute asphvxia—capillary dilatation pen
apilliry edema degeneration of ganglion cellb—hwe been reported by
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Dillon Riggs and Drer * m the brams from 8 fitad erses of comr  Thrs
capllars. dilatation may help to explam the frequont inmncosal g strotten
'’

the tple Clln U i oasts w1 tonl Lidnt  1lustrates not too con
vinemgh similar changes m a single case  We have not found these
changes Ymndle e al * found no defimte cytologic changes m guiex pigs
mude severely aerdotic by ammonium chloride gi en by stomach tube b
lactate buffer gnen mtravenously or by breathing 30 per cent cirbon &
oxide
‘Lhe eye changes m coma are discussed m Chapter 16
A few of these coma c1ses were accompanted as would be expected by
disturbed metabolism of the higher lipmd substances  Of the 11 cases of
abnormal hiposd distribution mentioned in Chapter § 5 died t coma
Fipetart in coma may be most strihing the blood max resemble melted
strinberny ice crean with 2 total ipid of 19 9 per cent  VWhen studed by
darh field microscope such 1 blood shows myriads of droplets /on and
W irren® stuchied the el lo-uueron count 1 a nuraber of norma) and dia
betie prtients but found no reltionship to cholesterolem  Howeser the
highest counts oceurred 1n ditbeties  (See also Clapter 9)
1he doughy consistencs of the abdomen frequently noted m ecm 1> due
wually to two fictors distention of the colon by retnuned fecey and distent
tion of the stomach  Often dilatation of the bladder mav be extreme
Strihing evidence that the anatomica] changes 1n uncomplicated coma
age reverstble and hence short of actunl cell destruchion 15 given by the
cimerl course  Gven a case of comn pure and simple nsubn treatment
brings prompt recovers far more rapid than would have been p ssible of
any marked mjury were present
1he deselopment of msulin treatment has strhingh altered the picture
1 <0 fir as deaths from coma are concerned T 1his 1 nell shown i the
table m Appendix B
Acute or sub teute pineretitis was wsoctated with several of our ¢a»ts
1our of these were under twenty years of age 1 oord and Bowen'hase re
ported 2 cases of acute pancre ititis 1n 3oung dirbetics dying with ccms
1ittle attention seems to hase been gien by climcans to acute pancred
tit1s as a pos ible precipitating ¢ause of coma 1 an established diabetic
Its occurrence 1v emphasized by Root 1
‘The shn of coma patients max be very susceptible to mfection
bs deseribed  derm wtitis gangrenosa  occurring in com
Coma with or without mfection m1y be accomp nied
cell count which gretly complicates the picture from the
pont A white cxll count as hugh as 97 000 with frequent muel iy te: ;
been reported® 1 coma without any evidence of mfection and the blood
picture returned to normal and rc maned so after recovers from Co,n]@*
Recent studses on electrols te changes i dihetie sesdosss will dout ¢

Riven?

by 4 lugh white
chmeal stand
5 has
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rove of gre it import ince an the understanding of the condition although
1y yet they are wathont known pathotomcl ccunterput Holler was
apprreatly the firt to recogmize the unpcrtince of potis tun deficiency
and his paper has been followed by mns cthers confirmmg Ius ob ema
tions #2¢ \artin and Wertman® studsing 14 ¢ wees of severe diabetic aca }
d sis found a marhed fall ;m serum pot »sium 1n 40 per cent and a con
siderible drop m ~erum magnesium m 36 per cent  The prime impe rtance
«f the electroc irdiogram in asswsing the disturbnce of p tassiun metabo
fsm 15 indieated 1in Chapter 11 1 ranks ef aof * found that afthough the
plasma morganic phosphorus was elevated m il their ¢ 1ses prior to treat
ment a preciprtous fall oceurred i both the plisma Javel and urman
excretion of phosphorus when treatment w s begun suggesting a depletim
of stores of this element  Butler? has recentls written wn able summary of
the pathologic phystology and mansgetent of diabetic com emphasizing
particulieh the importance of considering the intricellulir 1« well as the
extraceltular electrolvte balance
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Chapter 8

DIABETLS AND INTECTION

INFECTION was the eanse of death 1 213 of the 818 fata) cases of diabetes
It 1s a strihang fact that the incdence of death from fection in the eases
summarized 1 the last edition of this book was 38 per cent, while in the
cases added since that time (1938) the meidence 1s only 6 per cent, o change
doubtless attributable lirgels to the modern antibiotics  Tubercnlosis and
syphilis are omitted from the total number only the acute infections bemg
considered  Eighteen additional de wths were due to tuberculous and 2 to
ssphilis Moreoser 1 number of cases of gangrene are ineluded only those
cases being considered where generthized sepsis or grs gangrene was the
cause of death  Pneutnomn was responsible for more deaths than any other
localized infectious condition There were 38 deaths from bronchial pneu-
moma and 10 de1ths from lobar pneumoma

Just as artenoscleross 1s the bugbear of the diabetic who 1s domg well
so infection 1s the fear of the diabetic who s domg poorly  The more severe
the diabetes the more susceptible he 1 to mfection  Once 2 diabetie 15
mfected s chabetes becomes far morc severe  As stited previoushy sepsis
1 the greatest foe of insulin

TWhether ar not we can teanslate ta man the result of the experiment of
Rosenthal and Behrendt ! who found that fresh pus mxed with insulin
abiolished the ineulin effect when 1t was mjected mto rabbits nesertheless
chmcal obsers ation has long shown that there 15 o marhed meretse mn the
seventy of the disease during infection  As Joshin® states  Insuhin will not
maint un 1 sugar free urme dunng an active 1nfection unless ginenn very
lwge doses  Moreover when these large doses wre given there is the con-
«tant fear that with sudden recorvery 1 msulin re wetion m v result

Inwmuch 2 many cases of the acute infectious disenses show central or
focal necrowis of the I er or an acute renal tubular necrosis 1t 13 reasonable
to suppose that other pirenchymatous orgins such 1s the pinerexs are
acted on ns well particularhs where the pancreas of the diahetic 19 just
on the ragred edge 1tsislinds burely producing enough wsulin to heep the
orgamsm going and needing to be helped out with erther dietary controf or
extrineous msubm 3t 15 obyions that any very shght infecttons process or

toxema may be sufficient to mjure the istwd cells  Thus the already too
delicate balance that 15 being mamntamed 15 overthrown

Ye hmve seen thiy towie myurs to the 1slands 1n 2 number of mstances
both in nondiabetic and dibetic patients  Oue of the most stnking cases
13 that of & nondiabetie patient who died from fobar pneumonsa Oue of

(1224
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us (5 W) had the opportumty of <tudving this cse 1o 1€ while
Dr Mallory « laboratory  Vost of the cells m the 1sIwnds of I angerhans
were necrotic or showed some evidence of mjury  There were as well
numerous mitotic figures sometimes as high as seven i a sectton of a single
wsland showing that there had been serjous damage It 15 quite possible
that cases such as these may give the clue to the transient gly cosunas that
occasionally appear m nondiabetic patients m the course of severe acute
mfections

As previously suggested 1t 1s perfectlv reasonable to explain the severe
drop in sugar tolerance noted m diabetic patients during acute 1nfection
m this same way The one hopeful feature 1s that the diabetes 1s not made
permanently worse or rather the sugar tolerance 1s not hept at the same
low level to which 1t 1s forced durmg the course of the infection  The quich
recosery of the diabetic patient after the infect:on has gone 1» very striking
ndeed suggesting that if the effect 15 on the insular epithelrum it stops
short of actual cell necrosis

It should be added that the evidence 1s by no means clear that the above
mechanism 1s operatine nor 1f 1t does imdeed occur that 1t 15 the only one
mvolved Other possthiities wre Iisted by Varblet as ’0110\\& (5ee als
Greene and Keohen®) (1) incresed d of h
{2) destruction of insuhn by enzymes in leukocy tes or pus (S)mter!ereme
with the storage of glicogen None of these mechamsms can be regarded
23 bemng supported by anything Like adequate evidence

Also VMenkin® 7 study ing the mechanism of ephanced diabetes associated
with mflammation in depancreatized dogs concluded that there was in
creased proteolysts at the site of nflimmation and that the products of
this increased protemn catabohsm seemed to lead to mcreased local gluc -
neogenesis from protein  He also stated that msulin appeared to repress
both the increased proteoli sis and the gluconeogenesis  This work requires
confirmation

The types of infection vary but pneumens and py egemic infections stand
out above all others

To protect the diabetic against pneumont there 1s relatrvely httle that
we can do exwept to muntan his dithetes in as favorable a condition as
possible  If anvthing 1t 1s necessirs to be overcareful with regard to cokls
and upper respiratory trict infecttons in the hope of chechmg them before
pneumonia may hase an opportunity to develop

After pneumonia the pyogenic mfections are the most important par
ticulirhy those of the staphilococcus and the streptocoecus groups  An
mntact shin 13 essential to a diabetic patient for 1t 13 his best <afeguard
agunst mfection  Blisters and scratches that would be msigmficant to the
normal person must be crrefully guarded from the access of bacterta  Fien
orgamsms which ordmanly are of very low sirulence are capable of setting
up severe mfe Thus Staphylococers albus 15 ord: h con dered
of httle signifiennce and indeed f found i & blood culture 1s generall

i
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dismussed 1 1 contammant vet it muy be an extremely dgerous org intan
to the ditbetic respansible for pyvemit nd multiple 1hscesses Just as m
certam cses m ehildron 1t my be responsible for osteomy ehiti

Lhe diabetic skin 1s fertile soul for the pyogente bacterr: T he carbuncle
with 1ts tendency to deselop septicemia with the syb equent establishment
of multiple abscesses 15 one of the most dangerous ty pes of cutancous infec-
tion  Since these organisms are lnavs present m the shin wating for an

" a1 . . H

course of tremendous importance 1n both reducing the number of organisms
present on the shin and m heepmng in check their opportumities for entermg
wounds
Progeme mfections caused 102 deaths  In few cases aside from the ful-
mmating osteomvelitis of children 1s there s widespra i distnbution of
thacesses as th it found m some of these cwses  Lortunatch thunks to the
nodern antibiotics such eses are becoming rre
Fxcept for their extent and tendency to hecome generthzed furuncles
nd cirbuncles m dbetic patients differ 1n no regard from those i non
habettes
Infection and gangrene are  particululy dngerous combimatron to the
hinbetic  Infection 1s not only a frequent complication of gangrene duc to
he Jon resistnce of the undernounshed and necrotic tissue Jewding fre
uenth to the establishment of generalized sepsis but 1t may be the under
ving cwse 25 well I ven a low gride mfection muy be suffictent to over-
ome the narrow factor of safety harely muntamed in the drbetic leg
1th arteriosclerosis of the drabetie tvpe and result m the estibhshment
f the gangrenous process
An odd finding secondars to high sugar content of the blond and tissues
15 encountered 1n 1 dibetie with pulmonary mfection due to Aspergillus
wrge amounts of oxilites were excreted m the unne nd numerous
rvatals of Cilaun ovalite were present in the sputum *
1 hree ¢ wses of mucormycosts of the cetitr il nervats 3 stem were reported
\ Gregory of af * m diabctics These ¢ ises were remarhable m tht al!
resented the sume trsud (1) uncontrolled diabetes (2) evidence of orbital
fection and (3} menmgoencephulitis assoctated with the presence of
tge nonseptitehvphe  An entirély simbar LRSI P S TN Ly TR
addition was described by LeCompte and Merssner *
Frcess sugir in the urine may lead to pneumaturta when a sugar fer-
enting org 1nism gans access to the bladder Aur introduced by catheter
ust be ruled out
Two very strkmng and unusual cises eilled attention to the clmesl
wportance of the high <ugar content of the blood and tissues i cases of
abetes wath infection  Both these cases had been chncally diagnosed as
1s gingrene but repeated eultures both acrobie and anacrobie s well as
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guae =pig inocudation faled to revarl anvthing other thin colon baalh
and staphrlococa In an additional ¢ wse form wtion of gis by org inrsmsin 4
peninephnie abscess outhned the hadney strihingly m the roentgenogram

Fre o7 Roent tegram e finf ted knec of labetre pat at shawing g tul§ e
10 ~oft i< arwn thJomt

Case No 3747 was v mw aged Hftv-aght sears whose diibetes wis
known to bise evsted for onls 3 month althongh undoubteds st had been
present for some tune previoush  He bed suffercd from mtense prumtus
and through «ritching had produced several fected wounds i the in-
gumil regions LThe <use of doath was an extonsne phlegmonous alieess
mielving the mguinad regron and the loft ik At post-mortem as
exummtion during hifc there w s marked crgtation of the tissues but o
considerable 1mount of rather creamy pus together with a defimtely pury-
lent condition of the underlying muscles, coupled with repeated cultures
negative for {lastridmm nelekn and postind for I eckerichia colt, led us tn
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depleted In er gly cogen dev eloped low er agglutinative titers against t phoid
vacemne than dud well fed controls with abundant Irver glycogen  In fur
ther experiments the same author * found an apparently sigmficant cor
relation 1n normal ribbits and depancreatized cats between the percentile
amount of glycogen m the hver and the survnal time after intray enous
moculttion of bactenia  Likewise bacterta were found more frequenthy
1n the organs of depancreatized cats twents four hours after mtradermal
noculation of bacteria  However alterations in blood sugar cholesterol
protemns and hver gly cogen did not appear to influence this dissemmintion

Recently Crarckshanh and ’ay ne ° found that a T pe II pneumococeus
moculated into whole blood of rabbits with alloxan diabetes ind incubated
wm ntro grew much more ripidly than i normal blood However when
plasma alone was moculited growth tended to be heavier in the normal
plasma  They therefore suggest that there mav be 1 defect i the leuko
cytic defense of anmals with afloxan dabetes

Flick efal ®testing the wtibody response of diabetic patients to ty phord
immumzatton found a positive correlation between the antibody response
and the serum albumin concentration

SYPHILIS

Whle syphilis particularls m the congemitl form with 1t tendency to
insolyement of the liver and pancreas s a possible etiological fictor n the
production of dizbetes nevertheless the incidence of dem nstril le luetic
pathology 1svery lon Ve have not seen a pancrets 1 this series where it
seemet] that sy phihs could be re ponsible for the chinges present and even
the occurrence of syphilitic lesions 1 other organs 15 very rwe  Warthin
and Wilson? emphasized the import wice of «yphilitic pereatitis but our
matenl 15 apparently vers different from thars

o our series 2 deaths only were due to the di ease  One ¢ st a colored
female aged fifty veuwrs with diabetes of three vears duration died of
hemorrhage from 4 sy philitic ulcer of the tracher  The other cie vmale
aged forty two vews died from a ruptured ahdommal aneurvsm  IHis
diabetes had been present for three months

TUBERCULOSIS

Although tut creulo 15 was formerly responsible £ r mmy of the deaths
of diibetic patients only 18 dexths from tuberculows occurred in this
sertes “This 1s probabhy abnormalls low as ¢ ises with a b weed pulmonar
tuberculo 13 are often discharged to their homes or to sanitona

This 1s 1n marked contrast to a generation ago when nearls half the fatal
cases of duibetes died from tuberculosis  However the decrease in rate of
ineidence of tuberculosis 1n adult diabetics 15 not s rapid as the decrease
of tuberenls 15 i the general population *

r
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The course of tuberculosts complicited In diabetes seems to be 1n no
W remarkable as long a5 the diabetes 1 properly controlled - A
curtous obsery ation m regard to the pathologs 1 th it of Wicner and havee™”
tpprrenth confirmed by Root and Bloor ™ that dense pleural adhesions
seem to be onlv about halfl as frequent i diabetics as 1 nondrbefacs
Apparentls ths 15 correlated with dimical recogmtion of greater ewse of
indueing pneumothoris n dibetics with tuberculosss  However, smec
dibetes 13 not known to mfluence granulation tissue or fibrosts one wonders
whether this finding may not indicnte a <elcction of less slowly progressing
cises (one thinks of pleural adhesions s assocrated with tuberculosts of
fuely long durition)

Tor extended information on tuberculosis m dithetes reference may he
made to the chapter by Root i Joslm s hook 8
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Chapter 9

VASCULAR DISEASE IN DIABETES

Dronine the st few years 1 oluft m emphasis his oecurred wath regard to
diseases of the blood vessels m diabetes  Whle <clerous of the Jarger arter-
1es espeentlls the leg vessels andd the coronry arteries 1< still recognized as
2 major problem ¢ ircful obseryation of dinbeties whe huwve curvinved ten
fifteen twenty or more veurs with their divense makes it ncre wnghy dear
that the disabilities i this group are hirgely referable to disarders of the
<maller blood vessels (e artemoles venules cimliaries) =t Lhe lesons
affecting these small vessels seem to be fundwmentally different from those
imolving the larger dastic and musculir artenes and m mnny rcapects
they seem to be charctenstic of 1f indeed nat specific for diabetes *
Since however the effects of imolvement of the smll yessels are usnally
mamfest in etther the hidney or the eve discassion of this subject will be
found m the chapters devoted to the ¢ organs amd to the ¢ wes of long durt
tion (Chapters 12 13 19)  The present chapter will he concerned with
dwense of the larger artenes 1o atherosclero 1n and medn! (iletfication
(Moncheberg s sclerosts)

ARTERIOSCLEROSIS OF THE LARGER VESSELS

Whether the mcressed preslened of arterio clerosis m dibetes 1> due
to the disc 1se stself or tomcthods « f tre ment «f the dist 1se the importance
of the problem 13 such that it cwnot he disregirded  In the fint edition of
this book the statement wasmade  Thue vet ta we at autopsy a diabetic
ur to read the autopss pratocol of 1 diabetie sho ¢ dise e has hted five
vers or more free from artenosdlerons regardless of nge  Since then a
tew cwes with duration over five sears huve been found to he pricticalh
trec from artenioscdlere 15 but they are not mwmsy

Of course many of our ea-ts il wi the older age group and therfore
would be expected to hue arteniosclero 13 10 any event  Tlowever the
e1ses in the vounger age groups frequently show this lewon as has been
pomted ont 1n Chapter b m conaidenng the pathclogical evidences of abnor-
w fat metabolt m I we aceept tentatnddy Anchoff <7 modsfic ation of
Virchow s tmbibition thecry of arteniselercws whach 10 essenet seums to

* 1t unfortunate that b wor ] artennsderss 13 uaed 03 Dosdy toineled the
et alar 4 et al Lwinns of diabetes eapectadly an the young pat nt T e chatactenstic

varroane 10y st w nt L int reapillars @111 Raler chatges s ta be in fact lewes of
ap Han~
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ARTFRIOSCLE ROSIS OF THE LARGFR VESSHIS 1%

\orrson and Bogan® have shown the greit help that the roentgen iy
may gine m the dignoss of artenoseleross with caletfieation

However this drygnostic method e tike no cogmzmee of athero
m oy or other chinges even though they mas be very vdenane s st
records the deposition of caletum salts *

|
!
|
%

Fie o8 Rt oy of g of 20aarol Tdalet  mar «lown g cal sfied arters

By these methods Wite® Fund evidenee of arteroscleras m 24 of 104
diatetic chaldren 19 <howed calotfic tion «f g arteres ind 5 <showed retinal
selerosts alone  Siner her eardier rport she has userd the roontgen ray
effectinel w gwmging the presence of vaseular dise ve not ondy w childros
but al\e in pregnant diabetic wormen (Fign 58 and 59)

* O Dafieat Ll the vas L nnvaeale mommonndnbetes = Taopelat oo if any
U oarterinl hoena 1 b



132 VISCLI AR DISF\SF IN DI\BITIS

Recentlhy Lindbom™ has published 1 beautiful demonstration of the 1 lue
of refined wrtertographic techmques tn the study of vuseular di ¢ vemthe
loges  Anoxtenane ewher study wae that of Rubl

Our cther me s of dugnoss are dimcal — the phyical sgns insnp-
toms of lnc il arculatory deficiencies Some of these are of defimte yalue
such as the pun m elwdiction the oceurrence of gangrene color changes
the presence cr absence of pul ation in the vessels and local temprature
Goodman ef al ' an 2 cnitien] survey of methads of assas ing vasculer d
e m dibeties found the follonmg techmques of gretest v iue (1)
crotid smus pressure test * (2) palpition of suprwfniculie pulsations

Fre 59 —Cale fie I pelvic arteries m a 21 year-ol 1 d abetic woman

(3} presence of calaficition of the abdommal aorty and i the arch of the
rort1 (4) determin ition of ocelusise chinges m the legs by palpition ;
1t must be emph wsized that alt methods for the diagnows of  gener
wed  arteriosclerosts m the living patient are subject to gross errcr )

There are tho mun tvpes of artertes  the elastic arteres such as ‘l»c
aorta the e and carotid artenies and the muscular arteries such nslt €
pasterior tibral or brachinl m which the development of the musculwn
very often overshadows that of the elastic lumine  This museubw hp’;‘l‘;
encountered chiefly 1 the penipheral nnd the splinchmc wrteries hi
arterioles also are of the muscular type

P thw autl rebss the slleged value of thc esrotid ::\:

. 1nc on wt
=t :;h! ::n gurtertncler mae gpare th | froalghiriyatn 1 poe tas

Torpo il * lws tseersc v g






% YASCULAR DISFASE 1) DIABLTES

o sotme doubt hont this e hamsty Thes eafimm o s hoeome the
< hareons ar even bom plagues formed 1 the atherom woms remons Ay
the plaque heeome Targer and reaches nearer the surface the bloed stream
may sweep anay portions of the pultnceous matenal forming the fimdiar
itherom wous uleers

As wall be noted further below Lansing Blumenthid and co-uorker
ke muntad v senes of papers™ that atheroscle rasts v actually
clesely assorsated with the process of agng and that the form wion of ather
omatons piiques 15 wans preceded by calafication ( elasto-alemons bl
of the media

.. . ~at .
Fi¢ 61 —Femora) srtery showing medial ealesfi stion ar the Mancheberg tspe of

scloross The dark mass iling fumen of the artery 19 a thrombus

1he veond gt tape of artertdd dhange 1> that seen m t:‘v‘- 2;::(:
vewel  Here mednf (afuficition the Monchebeng (‘}:e‘,}:,m.,mu‘ o
predominates Ll levion 1 entirelt distint from the dl cromaton prae

which ne mect 1 the elastie sessel and 15 restricted Jeuler
- Jntimal chauge 1 neghgsble and the hmen remams mta o
o ,lll widened  The calerum hecomes depomted 1 fine grar{z_u z;- ﬂxﬂ
:;l:"c:::‘e;\\)w lmsue stroma about the smuscle u«ll\ Th:{\m; l:;:;; :W

ut finally surround

gmduﬂ“}hbcz(;“:;i’:;r:o:gdm!?z{:::eat‘;‘;{rh It 13 sometunes difficult s:‘;; ;;‘B
- mo}:h: rticles of calonm salts are ontside of withi t)u; musr: oM
“:::}l:{; w lﬁ\nnecmm Am lenkocy e T tction 18 extremeds il
A



FRIOSCLI‘RO‘IQ oF THE IAIIGFR \FS\F!Q 13

m of the catafied uass 18aY ake place with resul-
which W eveh contain oarrow 0 the mort &
r

\anced cases Through secondary W sl njurt osis 10
6 e which s dem(m:tmted 1 the roent=

ART

ecn the occurrence of

, rlationship betw
s slthou h ocfasmm\\\)

rat

There seems to be nttle, 1f any

s ©P of xmenosdemsls and the atheromato¥

the two {orms 1033 coevist (As noted ahove, One group of mv c:-ugn(ora" 1
ymportant relation betweeh crlafication 1t

¢ 15 o dlose &P
(he media and atheromatons plaques } In the smatier artenes there mas O¢
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¥10 62 Th e antenor ginat ATLEDY {rom » €At of \hmmbmngu\u obl teran® oecur
g s nond Re o granulstio® e and SbroRS nvolving the Jumen

aath some vehm\\\ul\on

tnchening of the mtun Ath or without he deposit of hpmds When thi~
\ntimad chianf® 1satalt marhed one s ;\\suﬁe«l  conmdenng ol
that the patient from whomt the vessd romored MW
The third great ty1¢ € artent !
oblerans oF Buer
‘Here thrombosis orgamzal
\zation of the l\m\mho:n\ | egsels aT¢

P dutinction ucen the b arky norma\-«ppcunng adrentiti® and mus
C amnle 13 shO¥T

culam and the obliterat



Fra 63 — Aetcrsoncherans mvatving ¢ anterior Gibal arfery m & diabitie Aot
the marked intimal thickening  Ther 15 alo a considernbile de gree of medind calafieas

tion  Hematoxyhin-eosm «tmin X 10

the diabetir boy whose Jogs were sllus-

Fio 6 Rem g 0“ ‘3‘? ‘S" \:)5 ‘o“"‘ ‘*I\L:--m?t-(“mlurz the boy E(wnn.qno
cre 15 marhed calaification of

als  Note the falure of the

wed dwarfism 1n additian to

\136)
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w Faygure 62 Tt 15 apparently not more frquent e the dithetic thm m
the nondiibetic

In the diabetic mdiiduals the atherom tous type of livon 15 the out-
standing one  Lhe others m1y be prescnt but f there 13 ene thing that
should led us to suspect that an arters 11 1 grien Cise comes from it
betic prtient it 1v when we find the intimal ty pe of 13 ol ement 1n the mus-
cular artenes either alone or supcrmposed upon the medial Qlafic an

In s senies of 816 di it tic autopstes suit ible for study of v ienlir lestons
288 deaths (3o per cent) were due to arteriosclerasis or trwne inges
mmmeditely secondary to that leson Since 124 cwes of the series wert

s -
o 1 e YL N TN

e Go —Naswes of el nlestere] ervstals from thickened antim of antcnor 11 4l
arters Mah agxlmxtv- vess Duration of didetes ushnown  Ip temal chang
ace mpatidd by A mod me amount of kel eadelfi ation Fowosanaibady 10
stain X 175

under forty ve s of age this high prevalonce of arteriox lirosis as a4 e use
of death s xen more stnhing  In the 300 Cxes of the first series 72
(24 per cent) dred from arterioselerote Jest i This shight relatin ¢ incre e
35 due prob by to the <harp drop in e iths from comn Phe pereentage n
crses of Jong duration 1s practills unchanged  Of the 157 cases o diabetes
of fiftetn vears durition crover 31 or 80 per cent died fron nrte roneler tic
Jesions.

Of interest1s Case No 3293 a fapale aged fifts vears who chowed al
most no arteriosclerasts although her dabetes hud been present for fifteen
Lears
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“The he irt Jed il the other organs with 201 of the artcrioselerotic de the
attributable to 1t Of course, this 1s only a small proportion of the hearts
showng the evidences of arterioselerotic mjury, as reference to Chapter 11
will show

TBLE 25 —INCIDENCE OF ARTERIORCLEROSIS BY DECADES

Total Deatta
Ageat with dueto  Arterso-
deat] Total arterto- arterso-  scleroms
Jrs ases slerosts  sclerosis absent
0to 10 11 1
11 t0 20 35 17 18
21 to 30 40 30 4 10
31to 40 38 34 5 4
41 to 50 88 82 14 6
51 to 60 197 100 €5 2
61 to 70 257 2 129 2
7110 80 132 132 66
8t+ 14 4 5
? 4 1 1
81 "2 288 H

TanIL 26 ARTERIOSCLEROTIC DFa1hs AmoNa 816 DraBETIC ATTORIFR

Arteriosclerosis

most marked 1n Vumber  Percert
Heart 201 08
Fxtrematies 2 94
Brain 28 9=
Ridneys 17 59
Not lorahzed 15 52
28% 100 0

ArTERIOSCLEROTIC DEATHS AMONG 157 DIABETIC At TOPIES

Tante 2/
Dt raTiox o DraseTEs FIFTEFN 1 £ARS OR OVER
Arterrosclerosts
1 0%t marxed Vumber Per cent
art. “ 0
Fxtremitien 3 32
rain 10 106
Rideess 6 64
Generalized 1 11
M 100 0

Arteriosclerosis of the extremities as evemplified by fatal gangrene
accounted for 27 deaths The percentage of deaths from gangrene l]l'ls
been reduced to onc-fourth of that mn the first series This reflects ih; salue
of educiting the diabetic patient m the care of his feet al o the mfluence

of the antibioties



DISEASF OF THF CAPILLARIFS AND VENULFS 110

Corchral mamifestations o arterioselerosis were responstblc for onh 28
daths, ind vasenlar discise of the hadnevs although prescnt m mn
cses, was fital moonly 17 *

"Ths marhed prevatence of carthie and penpheral artenal ms ol ement
in dithctic patients contrasts strongly with the frequency of cerebral and
renal dam ige m nondnibetics That this 1s no peculianty of the present
~eries 14 shown by Table 28 giting the aite of fatal arteriosclerosts m 4,495
cases

Tanrr 2% Lacanizanos o Tersinat [estoy 1v 4 495 Diswrrie DEaTas
Y b TO ARTERIONCLFRONS (JOsLn®)

Per cent of all deathe

Ely Late Charles

eof terpural  Na wm  Allen  Bantwg  Bantmg  Hagelorn If Bew
era ia era era era era
Bram m 22 0 18 22 22
Kl (13 (5] ) g [ -
Meast 1N 40 4 o7 (] t
b oraphior) gangr e 2 [ 1 " 8 4
b naraaged st ) € i) 4 4 3
ANumbior T ibs " 208 72 S h3a (311

Cerchral arteriosclerosts 1s no more froquenth & < wse of death im dii-
bt patients than i nondabetic in spite of the groater prevalonce of
arterib di e i the former group

1hmg the aorta 15w ndex of artenoselerosss we find only 66 free from
wrteraoselerosis among the 783 which are recorded  OF these 155 <honed
shight mvoelvement 194 moderate and 303 marked mvehvement o
taibultion includes coses of all ges thangh naturilly most Le in the older
1§ gronps

ARTERIOLAR SCLEROSIS

Discase of the arterioles usually takes the fonn of by iline thickemng of
the intima re the change <o often associated with by pertension in the
nondiibitic and desenbed - the olsacal paper of Montz and Olde s
Sclerasicof the artenalos i the dnbetac canses its most obs tons d omage
the Midnervs Discussion of this tvpe of vasabie chinge s therdfore given
m greater detad m Chapter 12

DISEASE OF THE CAPILLARIES AND VENULES

Avandicated at the beginmng of this chapter, discise of the smallest
Blood vessels hs now come to occupy the eenter of the stage in discussion
of the vasculir complicntions of diabetes  For constderatinn of these lesions
the v uer 1« referred to Chapters 12 13 and 19

“ In the group of s out & disheties of long duration renial diease 14 & major cause of
1 ath fare Chiny ters 12 an 1 18)



40 VASCUL \R DISF 1St IN DINBITLS

ETIOLOGY OF ATHEROSCLEROSIS

o part of the whole field of pathology has becn so much the domaty
of dogmAtic statement 4s arteriosclerosts 1 ach generation wots turn hey
accepted some doetrine put forth with autharity on the most meecure basys
m fact and even now  1s 1 some relimons diveysainns there are those who
tre Jneistent upon some explanttion quitc v arnce with that equally
vigorously mamntuned by another group

The above statement by  distingusshed tudent of the dr e ™ ap
peared m 1933 and 1s »till apphicable todis  Oulv the flunuest sort of
evdence 15 walable as to the etuses of arteriosclerows and sne e do
httle more than list v 1rious hy potheses

In this section discussion will be hnuted to the mtunal type of dise e
atherosclerosts *  As mdicated above this is the most mpoertant type of
vascular disease ince it now appears to be the leadmg cawe of death not
anhy 10 diabetics, but i the rest of the popiliton as vl No ennsulera
tion will be gnen to theories unsupported by any + thel ~crentific evsdence
such as those which hold the diseist to be due to aging alone tobicco
aleohol syphilis hypotension lead epmephrine rie Some ulev of the
tremendous mount of fiteriture both good wd bid which has appe red
on the sthject mwy be guned from the volummous review I Hueper
Other valuable recent reviens are those by Duff and McVhlhn #in Rate
and Dauber # and by Gubner and 1 ngerlesder % to which the reuder 1
referred for 2 more det uled di cusston with numerous references

The most obsvious and char 1c ferture of atherosel
presence of hpids mn both earhh and late Jestons Mot theories regarding
the etiology and pithogenests of the discase huve therefore included some
attempt to explumn how the bpids get mito the lestons and whether their
presence s indicative of a pruniry mettbolic disturbance or amph rep-
resents & secondary depostt 1n injured tissue

One reason for the lirge number of theories concermng the pithogenesi
of atherosclerosts is to be foun 11n disagreement as to what constitutes the
eurliest lesion of the disease Indeed 1t 15 mmpossible to be cortam of this
paint smee m Cannmng the trssues st Decropsy ong s attemphing to
seconstruct a dy namie process from morphologic ] evidence Tt 1s usudhy
access iy to wsume therefore th it the s dlest lesic s wre the erhest and
1t follow « that such lesions wll be found onh by chance during the exumin t
tion of many icroscopic sections  Hence 1t 13 held varousty thnt the
earhest change 1s a swelling or necross of the mterceitular ground sab-
stance 7 #7 a fine deposit of extricellulr Itpord droplets ** or 4 small collec-

15 the

twon of hpod phagoeytes 1®
The oldest aud perhaps most widels held theors of the pathogenes of
ath ] 1s the mmbib or mfiltration theory  Furst enunciated by
doew not d fer frem
* The medial ealerfication of Moncheberg as seen in the diabetic
the snmi type of lesion an the nondiabetic  The patl ogeneas 13 quite ohwucyre
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Narchow, and populanized by Aschoff, the theory holds th it Yoot Yoosenmg
of the mtercellular cement substance due to mechameal stress 13 followed
by imIibntion «f ipid< ontunung flind from the blood plisma mte the vewel
wali  Thagoeytosis of the hipids by histioes tes oceurs followed gradually
b fibross and growth in size to form the fully developed plaque  Aschoft
dutimgushed an atheromatosts of vouth 1n which the hipid nfiltration was
severaible but more recent authors scem to agree that this process does not
difer m kand from that ween m ~dults

A varant of this conapt 1s the  anoxemia theory  of Hugper 3 hased
on oxpenmaoants i ammils with vanous macremoleculir subst wees and
folhng that dud to  an mbilince of plismatie collodnl equilibrium o
thin film «f chofesterol n depasited on the endothe hum o ding to mter-
ferancd with the nutrition of endotheuf eells which become more permeable
nd are at the sime time stimulted to take up cholestero] ind become foim
eefls Lo eells nre abo thought to be formed from suben tothehd phago-
cites

In eritiervm of Hueper s theory 1t may be «ud that 1t 1 bised on expen
mentat work m which massive doses of macromoleentir coffords (polsvina i
alechol methul cddiulose peetin and acren) were mjected antras enoush
into anymals  \s noted by Loary ¥ thewe substances are essentially foragn
bodies which 1n 1 1rge doses overnhcim the experiment 1l anm il and lead to
wts death alko the ntrsenous route 14 net & maturd one  Turther the
«arry-over to the human situation has the defect of being & reasonung by
unalogy with msufficient supporting evidence

1he major role given to choleterol in this theory v m accord with the
modern trend which reflcta the influence of the rabbit and 1ts response to
af3 s - .

w the human disc we 16 imdicated by the work of Mirch and Wemhous
who found the hpds of atheromatons pligues to be present in the xame pro-
portion s 1 the plasma suggesting an mfiltrwtion fecm the blomd mther
than o selectine absorption of cholesterol  Buek and Rowater ™ however
found differences i concentration of the sarous bp I which suggested to
thein that smple nabibitse n was not an x:d‘:qu:ue «xplipatin

T ar . ' e saml N

hedd that di ctes 18 wathout imfluence on stheroscleronis of the norta and
that the detormining fators ure age and blwed pressure However only
£ of thaar 32 dibies cculd b chsafied 151 Anctenaise, and one we nders
about the aigmficanct « £ tlus amafl menber

Another paint of vion was expreced by Winterntr et ol 2 acvording ta
shich most of the dhing ~ i atherosedonsican reganled as sediatel b
ey s v ramn which enn b adetnoustrated 1 abunda o o oo s g
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‘.L plaques A ding to ths theory , the lipids and other con~
stituents of the plaque may be deris ed from exudation and hemorrhage Irom
the vasa vasorum  Although suck processes certamnly are factars it the
life hustory of the older planues, and 1 the formation of thrombs, they ean
hardly be regarded ax effecti e m imitiating the earhiest lestons, since vessely
are rare in the mtima of the normal human artery . Alo, 1t his been powted
out that the v emns of humans, which are baghly v asculanzed, and the arteries
of some ammls <howing etensse vaseularity are on) rarrly the stat f
atheroscleross

Another theory of the origm of the ipids of the theromatous plague 1v
that of Lery," who holds that invasion of the arterial wall by foarm cells iv
the onigin of the plaque  This pomnt of view is based on year- of expenence
m feeding cholesterol to rabbits  The sequence of events i the rablt,
aceording to Leary, 1 as follons  when cholesterol 1s fed, there oocun 1
latent period dunng which cholesterol esters are precipitated i erystalhne
form m the Iiver and are then taken up by the Kupfler cells, which eventu~
ally escape from the simusoids, traserse the lungs, and selectnely made
(by “chemotaxis”) the mtima of arteries fram the flowing blood  The
Testons <o produced are held to be entirely simifar to the feswons of human
coronary atheroscleronts, although this pomt has heen contested # Leiry
also contends that the earliect stages of the lewion, 1 £, 1y aston of the enda-

wn s ba demnnne

Sl b

the hipophages, by reason of their low specific gravity, would he expected Lo
move tonard the slonls-moving peripheral part of the hlood stream, adp-
cent to the endothehum  This type of reasonmg 1, of conrse, highly specu-

fative
. Ve

Lo wv has much cvidence to support fils conception o1 the svyuue
events m the rablat  Ilowever, the theory as applied to the hman
wrtoush weakened bn Fulure to demonstrate the part of the (vdde msoh~

. Proa Aane bt that this difficalts s due to the fat
wed Tt

M AN
, in fived
the endn-
3 aintotic
stk Ftes
OF ENAOLHEIIU Al as ity an R futes (}m
earliest Tesion 1n both rabbit and man mag be considered debatable In
<hort, althongh Leary ' hy potheas has much to recommend it, the evadence
far 1t et hardls be regarded as complts
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The Réle of Cholesterol —It woukl be difficult to overestun ite the m-
portance of the ribbit in the history of thinking on the subject of athero-
aclerosts  The regulants with which this ammal develops vascular lesions
when fed cholesterol nsshownby Amtschhow® and the Rusaran school wd
hter by 1 e #has dembtless been responsible more than iy other factor
for the current cmpbasis on cholesterd] In general otheranmmalshive becn
quite ressstant to cholc sterol induced atherosclerosis but recentls the chick-
on has been found to be a susceptible ammal* 3 and o the dog (pro
auded that thiouriell be grven at the sime tme) 3

This extensiy e expeniment 1l workn animals hisled i the list few vears
to an extrordinry nd probibly unwarranted emphass on the role of
cholesterol as divtinet from other hpids 1 humm atherosclerowus Axowill
be seen below most ppers hive reported only total serum cholesterol
without reference to other lipds e often without referunce to genetic and
other factors which mi be of major importance  The recent wdmirable
pipurs of Ancel Revs' 9 2 indicate the necessity of controlling some of
the many v artble factors before any vahd conclusions an be drwn

In general it mis be s ud that efforts have been devoted toward imswering
two questions () Te the kel of sorum cholesteral neltted to the degree
of atherosclerosss 10 4 grven indisidu il and (8 Ts the les el of serym choles
tert related te the dictary mtake of this subst ince?

A« regards the firt question both negutne and positine evadenee s
wailble  Lande and Sperey# studied the serum cholesterol in relition to
the degree of atheroscleross (inesured by hipid content) m the anrtas of
123 healthy perons shadied In violonee thes found no correlation Unger
tader and Gubmer found 1o ugmficant difference s regands Qrdiovase
culir disea ¢« between two large gronps of nsurane apphieants one huing
blood cholestcrol less than 175 mg per cent the other over 200 mg per
ecnt  In another report,® however they found distincthv less vasauhir
drseast m a group with unusually low blod cholesterol and ried the ques
tion as to whether the so-called normnl range of blood cholesters | m 1y not
be w raabty high  Scveral other recent ruports have suggested a positine
corrcdation betworn the hoght of the seruim cholesterst and thy presenes of
coreniry selorosie Lor instaned Stemer and Domanshi® fillowed 13
pitients with corontes discwse and 35 controls of comparable ages for
perinds up to two vears and found an average blood cholestorol of 335
mg pereont with & ringe of ¥ to 49 ) 1n the coron i group an 1 an mver
agcdf 2% with a range of 214 to 130 the controls Of cons lerible inter
estasthe work of Boasetal “and \dlenbergefal ¢ who houve domonstrited
w wtnking farmbid medenes of ngh sorum cholesterol xinthomy xanthed
i arcus of the cornan and coronary discase  ecrtain famibes They
even suggest that vanthomy and often coronary di ease develops in pr
tients who carry two abnormal genes for cholesterol 16 homozgotes
whirssm thow with onh ene abnormal gene (heteroza g tes) the «nh
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mantfestation of disturbed hiptd metabolism mas he an clevated serum
cholesterol  Wilkmson®s # his made simtlar ohscrs ations
Although there does pperr to be some (vidence suggestmg a reltion
betnecn hyperchelestcralomse and itheroscderosss the relation hetween
serum cholesterol ind the dict irv mtake of this substance s by 1o means
dewr Hevmw wd Rk found no mse m serum cholesterol after givsng
lrgt doses to duldren Stanert Ithew e obtuned negathe results Shaf
fer® found no inere 1se w coronars drese in a group of patients on a high
cholesterol diet Revs® 94 wha e paper stand s models of careful
mtestigation i this fild found no correlition hetwecn diet iry intake and
scrum cholesterol (except with extraordiniey diets snch 1s nce and fruit) ®
Reyvs tlso points out in v convinang w v some of the many factors which
miist be tihen mito account hefore one ¢ <ay that 4 ginven indis iyl does
or does ngt huwe 1 normal  erum cholesterol  Apparenth 2 highh
refined fat free diet (protemn huvdrolysate and dextrimnltose) wil reduce
serum chalesterol * but the prictieal sigmificatice of such ohservations 18
open to question  Geographieat es tdence 1s unconvineing  paradovieally
both the I «humos i the Chmese e eted a5 h1ving 2 low ncidence of
rteriosclerosts the formier hetng on a meat diet which must be fawely high
m cholesterol the Ixtter on 1 vegetable diet presumabls low in cholesterol
Gertler et al ** pont out some of the fillicies of this tyvpe of esidence
Thannhauser™ alvo emphasizes the weaknesses in the argument and holds
that the s ascular xanthomn of famihial hypercholesterolemrs 1s a different
disease from arterosclerosss  In general 1t may be saud that in man evs-
dence for a relition betwcen the amount of cholestero] ingested nd erther
the height of the blood cholesterol or the meidence of atherosclerosts 15 not
convineing %04 95 This seems to be true even though  fairly impres
sive ¢rse my be made out by citing onls the positiy e es dence and neglect
ing the negative 7 At w3 rite attempts to presctibe Jow-holusterol drets
to proyent arteriosclerosts would apper to be premiture  Bests? dismrsees
the use of choling i artertosclerosts as hvsng neo 3 thdity
In this connection the work of Wilens® 1 of mterest  He pomts aut that
overweight 1s common m all the important conditions that are assocr ited
with atheroscleross and demonstrites on autopsy miternl a general
correlation betwecn obesity and the ineidence of atheromatons  However
Taber and I und® appear to find no defimte effect of obesits when Inper
tension Is tihen into rccount
One gets the impresston thit too much attention ks been grven to
chalesterol alone without considenng its relitton to nther S‘lb““"”;
pacticularhy ipids m ats absorption and metabolism espeenlh s rt‘l!““":
sts stabihty 13 the blood strevm  4s noted shose it his been shown ! “:
the Iiprd~ of the atheromatons lesion are present 10 the same prorl»nﬂﬁﬂt
1s 1 the bleod plama  Thes do not constat solely uf“chnlv*t;r;; “ m‘!
pipers of Gubnee aud Lugcrloder™ ind of Gertler e ol u,nl i I\; e
AL are cspeertlly v afudd I m posnting out the naleplity of T
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mvolied * The import ince of £1t i the mtestm  absorption of cholesterol
and the réle pluved by phaspholiprds and protetns i mantuning the col-
Toad st alabits of cholesterobn the eirenhiting blood 2re of great importance
Tt by been suggestedd that the ratio of phosphe ipd to cholesterol moy be
more ymport int than the tot 1l cholestcrol © 2 Rellner ef of * <howed that
10 ribhits mjection of detergents resulted m o higher blood cholesterd but
Yess arterioscleroas they found thit the phospholipids were davated along
with the cholesterol  Simms et al % have deseribed the presence of sub
stances m plima cilled  Dipfanogens  wlich promote the formation of
mtracellnlar Mt grinules i tissuc culture and also produce fat deposition
tnsegments of adult chicken arteries 1 rifro . The action of these sulntances
15 sl to be opposed by antihpf nogan
ho of much mterest 15 the recentls reported work of Becher of al ¢
who have studied the ¢hylomicron count m the blood aftcr going a fat
meal (03 gm oleomirginme per hg of body waght)  lhey found
that the chvlonmcron count of young subjects reached a peah at two
and one half to three hours ind returned to the fisting level by the and
of the fifth hour  In older subjects the count did not reach its peak for
aght to twedve hours ind did not rcturn to the fisting lavel forabout twents -
four hours  These results suggest that older persons have a continuous ele-
sation of the chyJanucron count and the withors suggest a posable rdhition
to the oceutrence af atheron lerosas
Zon and Warret® found higher ¢hylomicron counts mn dibeties thanm
normals but coul testablish no rdation to the che lesterol fevel «f the blood
Morcton®® his al 0 made extensive studies of ¢hs lomierons
The new work of Gofmnan amd assoct ites? hns attracted L good deat of
attention  They chiractorized the harger molecules of the semm by ultr-
eontnfugation recordmg thetr results in terms of the flotation rate in Svedd
borg amts (S0 Tirst studvng mblats they found that nonmally the
~orm contomed 8 good moans lpeoprotem meleculs £ 55 10 8 wath
chulesterol content of thout 30 per cent by waght In cholesterol feedmg
thas hipoprotean icrased but there also appoirad gont molecules of S 10
10 30\ stwdy of 104 patientswath proved mvocandnl infarction revealed
wn ahinost unnersl ocenrrener o cholesterol beanng moleeules of S 18 to
2000t fwrly high Taels Al thare normal controls <howed o lower fre-
«quencs of nceurrenee of mesuriblc concentrations of this el of melecule
than dul the myocardnl infarction group  Thes also found wigmificantls
tuagher aumbers of these melecules i mabes from tvents to forty v of
age than i fomakes of the same age preup I the age groups sver forts
i th males amd fomddes showed sizmbennt incretses - thes molecale
Their dita nl o wemed to mdieate a probabls hugher e leonce of mes-
wrably coneentrations of melerntes of the S 10 1o 20 elass m 2 group of
Adnbutiey

T A Ll et et w ol 1] el 0 ko N popeten <1 the pat begeimeis
Fatler sckromis i trle Fuir Lir o meores of artichs i the Atwn an 3 arral of Ml
-

"n /
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On the other hand Revs ™ holds that there 1s no evidence that the
estimation of these grant molecules has 1oy special virtue bevond that of
stmple cholesterol measurements i predicting atheroselerosts or 1n esty
mating the activits of the artertosclerotie process

Finalls 1t should be re-emphasized that artenal disease should not be
considered 1n terms of lipoids alone to the exclusion of other well
recognized factors such as mechanical stress infection yasenlanty of the
vessel wall physico-chemical charactenstics of the ground substance
(see Chapter 28) efc  Saphir and Gore™ have recently stressed the possible
etiologic role of mfection m the coronry disease of voung people The
worh of Meyer’ and of Faber” suggests that the connective tissue changes
in ath 1 mi be independent of the hpoid deposits  Blumenthal
Lansing etal % hold that caleification of elastic tissue ( elasto-calemnosts )
13 a normal accompamment of the aging process and 15 also a prerequisite
for the formation of mtimal plaques This would not of course explun
the well known atheromatosis of infanes #

Eventualiy 1t 1s to be expected that some of the new refined methods for
studving the fine structure of connective tissue recently reviewed by
Gross ™ will be applicable to the problem of arteriosclerosis

Summary —Jt appears clear that much 1s vet to be lewrned about the
early lesions of atherosclerosis the factors governing permeation of the n
tima of arteries by Iipads and the metaboh m of cholesterol and other Iipids
with particular reference to the phvsical chemistry of ther colloidal state
m the blood It seems possible that the level of serum cholesterol aor at
least the collodal state of cholesterol i the blood 15 related in some way to
the pathogeness of atherosclerosis but 1t is not clear that dietary cholesterol
has much influence on the level of blood cholesterol Meanwhile the pop

ulanty of cholesterol should not be allowed to lead to neglect of other
pathogenetic factors It 1s possible that alterations m the ground sub~
stance may be of much greater importance (See belo ¢ and Chapter 28)

Etiology of Atherosclerosis 1 Disbetes -—As noted ahove there can be
no question that diabetics are prone to deelop atheroscleross at an earher
age and to a greater extent than other persons The reasons for this situa
tion are difficult to assess

It was pomnted out 1n exrlier editions of this book that fluctuations in
blood sugar concentration might md mn producing swelling of the 1ntimal
ground substance through changes in osmotic pressure In evxn;xnmg
biopsies of the shan of diabetic patients 1 this lat oratory 1t has been foun

that in those wath high blood sugar concentrations the connective ti sue
of the corum mas be shightly edematous and basophulic strangls re e;nbhﬂ:'
the change seen m the intimal ground s\l'!)smnce u: earli‘ ?lflfl;ozt‘;:;ﬂ;‘“
Unna™
robable

rtance of the mucopols saccharides }
<
»
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Vuch attention has been given to the level of blood hpids particularly
cholesterol as n posable etiological factor 1n the atherosclerosis of diabetes
As noted above, 1t 1¢ both affirmed and dented that a I'P]ilﬂ(m‘hlp e(li!‘i
between the level of the blood chol ! and the maid of
osis Certunly the diabetic 1s sometimes subject to an elevation of blood
Iypds and various lesions such as xanthema have been considered to be
related to this elevation IHowever the evidence 1s conflicting m that
frequently the most severe degrees of atherosclerosis may be found
patients with relatively muill diabetes  Alo 1t 14 not clear that well
controlled dibetics have amy striking aberrations of the serum chol
esterol 77 Perhaps some of the recenth descnibed methods of doing fat
tolerance tests™ and chylomicron counts™ % may cast hight on this phase
of the subject

Wilens® has pointed out that oxerweight 14 common in all the important
conditions that ure belteved to be associated wath the atherosclerotic procs
ess (eg dibetes hypertension) He shows that there 13 a distinct cor-
relation between obesity and the presence of atherowclerosts  His study
Tike those of hey s = suggests that constitutional and other factors must
be constdered 1n any analysis of the relation between lipid metabolism and
atherosclerosis

Pomeranze and Runhel® found about 50 per cent of 273 diabetics to have
a total hp 1 level above 700 mg per cent which they considered the upper
limit of normal ~ Although ch lesterol phospholipid and neutral fat were
all increased the increment was greatest for neutral fat  They found a
general corrclation hotween nrtertosclerosis and high total hpid high chol
esterol or reduced phospholipnd/fcholesterol ratio  They concluded that
determnation of cholestero! levels alane could not be uved as an mdicator
of total hpnd levels  Also there was no evident relationship between <ever
1ty or duration of the diabetes or sts control age sex or weight of the pa
tient or s1ze of Iiver and the total hipid level

Of particular interest 13 the surprising ﬁndmg of I)uﬁ‘ etal ¥ % that alloxan
hiabetes tends to inhibit exy t; lesterol ath: il n the
rabbit  These s estigators found l)mt the factor most conustenthy asso-
cinterd with the inhibition <eemed to be the presence in the sera of the dia
betic antmals of a greater amount of neutral fat m proportion to the level
of cholesterc 1 than in the normal controls and suggested that this may be
dueto mchihzation ¢ [hody £1t connected with the diabetic state  Their
findings would «eem to emphauze agun the necessity of conudenng the
concentrations and interrelations «f afl the hipids of the blood instead of
«ngling out one such as cholestercl

Scarcelh any arterioxclerosis has been descnibed in animals in connection
with expermental diabetes  Allen and Lia* report a dog diabetic for
taehve vears following partial pancreatectomy and controlled by det and
insulin Mo vaccular lesions were found at autopsy
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On the other hand heys ™ holds that there 1s no evidence that the
estimation of these glant molecules has any speeial virtue beyond that of
simple cholesterol measurements n predicting atheroselerosts or 1n est:
mating the activity of the arteriosclerotic process

Finallv 1t should be re emphasized that arterial disease should not be
constdered 1n terms of hpoids alone to the exclusion of other well
recogmzed factors such as mechanical stress infection vascularity of the
vessel wall physico-chemical charactenstics of the ground substance
(see Chapter 28) etc  Saphir and Gore™ have recently stressed the possible
etiologic role of mfection m the coronary disease of young people The
worh of Meyer™ and of Faber™ suggests that the connectiy e tissue changes
1n atherosclerosis may be mdependent of the lipoid deposits  Blumenthal
Lansing efal =18 hold that calctfication of elastic tissne ( elasto-caleinosis )
1s a normal accompaniment of the aging process and 1s also a prerequisite
for the formation of intimal plaques This would not of course explam
the well known atheromatosts of mnfancy ™

Eventually 1t 13 to be expected that some of the new refined methods for
studymng the fine structure of connective tissue recently reviewed by
Gross ® will be applicable to the problem of arteriosclerosis

Summary —It appears clear that much 1s vet to be learned about the
early lesions of atherosclerosis the factors governing permeation of the m
tima of arteries by lipids and the metabohsm of cholesterol and other hpids
with particular reference to the physical chemistry of their colloidal state
m the blood It seems possible that the level of serum cholesterol or at
least the colloidal state of cholesterol n the blood 1s related m some way to
the pathogenests of atherosclerows but it 15 not clear that dietary cholesterol
has much mfluence on the level of blood cholesterol Meanwhile the pop~
ularity of cholesterol should not be allowed to lead to neglect of other
pathogenetic factors It 1s possible that alterations in the ground sub
stance may be of much greater importance (See below and Chapter 28)

Etiology of Atherosclerosis it Diabetes —As noted <bove there can be
no question that diabetics are prone to deyelop atherosclerosis at an earlier
age and to a greater extent than other persons The reasons for this situa
tion are difficult to assess

It was pomnted out 1n earlier edittons of this book that fluctuations 1m
blood sugar concentration mught aid 1n producing swelling of the intimal
ground substance through changes m osmotic pressure In examimung
bropstes of the shin of diabetic patients in this laborators 1t has been foun
that m those with high blood sugar concentrations the connectiie tisst
of the corrum may be shightly edematous and basophilic strongls re emblin
the change seen 1n the mtimal ground substance mn early atherosclerost
This change n the collagen (or in the interfibrillar substance) 1s very stmxIa
to the swollen basophilic form seen in manj elderly persons which Unna
has called collacin  (See also Chapter 28 for discussion of the probabl

vo.r&mce of the mucopelysacchandes )
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Much atmmun has been given to the level of blood hp\ds, particularly
choll 1, a3 » possible etiofogical factor m the ath of dialietes
As noted above, 1t 1< hoth affrmed and dented that & n‘hlmmh\p existy
Betw een the level of the blood cholesterol and the incidence of atheroscler-
osis  Certamnly the diabetic is sometimes subject to an elevation of hlood
hpds and sanous lesions such as tanthoma have been considered to be
related to this elevation  Howenver, the evidence s conflicting wn that
frequently the most severe degrees of atherosclerouis may be found m
patients with relatively mild diabetes  Also, 1t 15 not clear that well
controlfed ditbetics have any stnbang aberrations of the serum chol-
esterol 77 7€ Perhaps some of the recently described methods of damg fat
tolerance tests™ and chylomicron counts#2 may cast fight on this phace
of the suhject

Wilens* has ponted out that overweight 15 common in ull the important
conditions that are believed to he assoetated with the atherosclerotic proc-
ess (e g, dhabetes, hypertension) e shows that there 1 & distinet cor-
relation hetween obesity and the presence of atherosclerosis  His study,
lke those of Key s/ suggests that constitutional and other factors must
be considered i any analves of the relation hetween hpid metabolism and
atherosclerosts

Pamerunze nnd I\unkel" Immd about 50 per rent of "73 dmbet s tohave

N ... _—

esterol, or reduced phospholipid/cholesterol ratio  They concluded that
determination of cholesterol Tevels slone could not be used as an wmdicator
of total hipid levels  Also, there nas no exident relationship between sever-
ity or duration of the diabetes or 1ts control, age, sex, or weight of the pn.
tient or size of liver and the total bipid Tevel

Of particular interest 1s the surpnsing ﬁmlmg of Duﬁ H ol % % that alloxan
dinbetes tendy to mhubit exp 1 m the
rablat  These un estigators found that the factor most conststently asso-
osated with the inhibition seemed to be the presence i the sera of the dia-
betic amumals of a greater amount of neutral fat 1 proportion to the level
of cholesterol than m the normal controls and suggested that this may be
due to “ mobihization of body fat connected with the diabetic state * "Thew
findings would <eem to emphasice again the necessity of considering the
concentrations and interrelations of all the hpids of the blood instead of
singhng out one, such as cholestero}

Scarcely any arteriosclerosis has been described 1n smmals 1 contection
with expenimental diabetes  Aflen and Lica report & dog diabetie for
twelve years folloning partial pancreatectomy and controlled by diet and
wsubn - No vaseulor fessons were found at antopsy
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On the other hand heys ™= holds that there 1s no evidence that the
estimation of these gint molecules has any special sirtue beyond that of
simple cholesterol measurements m predicting atherosclerosis or 1n esti
mating the sctnity of the artertoscleratic process

Fmally 1t should be re-emphasized that arterial disease should not be
considered 1n terms of hpoids alone to the exclusion of other well
recognized factors such 1s mechameal stress mnfection asculanty of the
vessel wall physico-chemncal charactensties of the ground substance
(see Chapter 28) et Saphir and Gore™ have recently stressed the possible
etiologic role of fection m the coronary disese of young people The
work of Mever? and of T'aber™ suggests that the connectn e tissue changes
m ath ) my be independent of the lipoid deposits  Blumentha
Lansing efal ** **hold that calesfic ition of elastic tissue ( elnsto-calemosts }
23 a normal rccompamment of the aging process and 1s tlso a prerequisite
for the formation of intinal plaques This would not of course explan
the well known atheromatosts of nfancy

Firentually 1t 1s to be expected that some of the new refined methods for
studymg the fine structure of connectine tissue recently reviesed by
Gross ™ will be applicable to the problem of arteriosclerosis

Summary It appears clear that much 1s vet to be learned about the
earls lestons of atherosclerosis the factors govermng permeation of the in
tuna of arterses by Iiptds and the metabohism of cholestero! and other ipids
with particular reference to the physieal chemistry of their collordal state
1 the blood It seems possible that the level of serum cholesterol or at
least the collodal state of cholesterol mn the blood 1s reltted in some way to
the pathogenesis of atherosclerosts but 1t 1s not elear that detary cholesterol
hag much ifluence on the level of blood cholesterol Vleanwhile the pop-
ulanity of cholesterol shauld not be alloned to lead to neglect of other
pathogenetic factors It 1s possible that alterations in the ground sub
stanice may be of much greater unportance (See below and Chapter 28)

Etiology of Atherosclerosts mn Disbetes —As noted above there cmn
no question that diabetics are prone to dexelop atherosclerosis at an earher
age and to 2 greater extent than other persons The reasons for this «itunt
tion are difficult to assess

It was pomted out 1n earher edittons of this book that flucturtions u;
blood sugar concentration might aid 1n producing swelhng of the intrma
ground substance through changes tn osmotic pressure In u.zmmm)i:
biopstes of the shin of ditbetic patients 1n this Jaboraters st hasbeen Imm'

that 1 those with high blood sugir concentrations the cunnecine t‘ITu
of the conym may be <hghtly edemntous and basophthe strongls re "m ':’f
the chanre seen in the intimal ground substance i earh nthem&c?ﬂ)‘;
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“uch attentton has been given to the level of blood hpids particularly
cholesterol as a possible etiologreal factor i the atherosclerosts of diabetes
As noted above 1t 15 both affirmed and denied that a relanons}up exlsts
betw een the level of the blood chol 1 and the mad of
oss  Certamnly the diabetic s sometimes subject to an elevation of blood
hipids and vanous lestons such as xanthoma have been considered to be
related to this elevation However the evidence 1s conflicting m that
frequently the most severe degrees of atherosclerosis may be found m
patients with relatiely mld diabetes  Also 1t 15 not clear that well
controlled diabetics have any strihing aberrations of the serum chol
esterol 7778 Perhaps some of the recently described methods of domng fat
tolerance tests? and chylomicron counts?* may cast light on this phase
of the subject

Wilens® ha pointed out that overweight 15 common in all the important
conditions that are believed to be associated with the atherosclerotic proc
ess (eg diabetes hypertension) He shows that there 1s a distinet cor
relation between obestty and the presence of atherosclerosis  His study
like those of heys *** suggests that constitutional and other factors must
be considered 1n any analvsis of the relation between ltpid metabolism and
atherosclerosis

Pemeranze and Runkel® found about 50 per cent of 273 dabetics to have
# total lipid level above 750 mg per cent which they considered the upper
lumt of normal  Although cholesterol phospholipid and neutral fat were
2ll mereased the mcrement was greatest for neutral fat They found a
general correlation between arteriosclerosis and high total hpid high chol
esterol or reduced pho pholipid/cholesterol ratic  They concluded that
determination of cholesterol levels alone could not be used as an indicator
of total hpid levels  Also there was no evident relationship between sever
ity or duration of the diabetes or its control age sex or weight of the pa
tient or «ize of liver and the total ipid level

Of particular mterest 15 the surprising finding of Duff et af # % that alloxan
diabetes tends to mhibit experimental cholesterol atherosclerosts mn the
rabbit  These v estigators found tht the factor most consttently asso-
ciated with the mhibition seemed to be the presence in the sera of the dia
betic amimals of a greater amount of neutral fat i proportion to the level
of cholesterol than m the normal controls and suggested that this may be
due to mobihization of body fat connected with the diabetic state  Their
findings would seem to emphasize agatn the necessity of considering the

concentrations and interrelations of all the lipids of the blood mstead of
singhng out one such as cholesterol

Scarcely any ar has been d bed m ammals 1n
with expenimental diabetes Allen and Lisa® report a dog diabetic for
twelve years following partial pancreatectomy and controlled by diet and
msubn o vaseular lesions were found at antopsy
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Bell*” has made an extensive study of 1 large wutopw senes of dibetics
with particular reference to vascular lesions  He emph istzes the high et
dence of coronary diea e of gangrene of the extremuties and of renal
artentolosclerosts (ineluding ntercapiliary glomerniosclerosis) m diibetes
His studies led him to conclude that the frequency of severe v seulir
Jessons incre es with the dur tion of dinbetes n those who dre before the
age of sixty vews  He al o concluded that the development of <evere
vascular lestons 15 mdependent of the severity of the drabetes The la t
conclusion would appirently be contested by Root and co-workers 8 &
who m severil papers present evidence that 1 ascultr lestons are likely to be
more seivere m young diabetics of long duration and that mamtenance of
rood control of the diabetes tends to cut down the modence and seserits
of these complicttions  VWilson Root and M arble # suri ey ing a seriey of
247 patients whost dibetes begin between the ages of eighteen months
and thirty yers and had been m existence from ten to thirts four years
found 1 general 4 Jower incidence of vascular ealafication and retmitrs
n tho e patients under good or excellent control as opposed to those under
farr to poor control  However it should be noted that they were able to
plice only 7 patients (2 9 per cent) m the  excellent control group

Tn summany 1t would 2pper that the revsons fur the incre rsed inedence
of atherosclero = m dubetes are quite obscure  Concenvably the newer
work on lesions of the capillines may shed some hight on disease of tle
larger arteries  Imolsement «f 1151 \asorum nught contribute to forma
tion of atheromatous plaques One may look for contributions from the
newer studies on the connectrv e tissue ground substance and the phy siologsy
of captllary walls (See Chapter 28}
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Chapter 10

GANGRENE

LrANGREAE 15 anie of the miost semous compheations of diibetes both
from the nature of the lesion ttself and from the wide path 1t opens to septic
measion of the bods  Among 839 fatal cases of dibetes 144 cases of gan~
grene deseluped  Twenty mne were accompanied by generslized sepsts
and there were § rases of gas gangrepe

TABLE 20 —~ONE-1 XDRED FORTY FoL R CAsES 0F GANCRENE ANONG
85) DiapETIc AUTOPSIES

+ Generali ed  Cas
. Nimber  Coma  wpms  gangrenc
AN casen e 13 2 5
Cuses over 15 years duration 29 o 7 0
Duration unknosn 4 n 0 1

Bell t {rom & study of autupsy protocols at the U pneraty of Minnesota
concluded that the disbetic process ntensifies and accelerates to an aston
wshing degree vascutar changes which are present to a Jesser extent as part
of the aging process in the extremities of nondiabeties  He states  1f only
the gangrene dne to atherosleross is considered then gangrene deselops
nearly forty times a3 frequently tn dhabetic a3 n nonditbetie subjects

Embohe Gangrene —~L{ringrene due to embolic occlusion of the lasger
vewsels v the «ame 1 dizbetic as 1n nondiabetic persons No 438 an amn
from a diabetic nged sixty-one vears showed embolsm and secondan
thrombous of the avilary arters  There way shght medial calerfication
but uo wtunal change

The voungest cave of embohic gingrene 1o diabetes that ne have ween
occursed m e Bngham s case ? Sudden gingrene of the left foot devel
oped i ahon aged piim teen years who was i dinbetic coma preopstated
b preymonia T the article in which this case 13 reported 52 others have
heen coflected front the hterature

Cas Gangrene ~Onh b eaves of fatal gas gangrene huve been en
countered W 859 autopaes  Since the infectious feature of this condition
15 the most wiportant 1113 discuzsed more fully i Chapter 8

Disbetic Gangrene —1t 1s frequenthy imposuble to tell f2om the 1 essels
alone whether & given <pecimen 1 from a diabetic or nondsabetic* How-
ever geuerally speaking the extent of wmvolvement and especially the
atheromatous thickening of the mtima may be expected to be greater

sty



152 GANGRENEL

the diabctic  Allen, Barker, and Hinest prefur the term “arteriosdirosn
obliterans™ for the ty pe of sasaular discase aftee ting the lower extrenuties
They state, however, that atheroma is the most Important component of

the lesion

Q_
TEUIELETIE e

Tme

Duration of diibetes 4 3 years

howing
Fic 67 —Lower portion of pasterior tibial arters from s1me r;,n‘ uprn.,gz;rm oz 17; g
complete occlusion by itimal proliferation snd onls elight imiolsem

calfication being present
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There 1~ one striling difference between asterionclerotic and diabet?
gangrene—the former 1s more bhely to be dry, the latter more commonly
maoist, although this distinetion scems to be less marked since the intro-
duction of antihioties  The final occlusion of larger arteries is usually sud-

of a collateral cireulation and anemic neerosis results  MeKittrich and
Root? sllustrate excellently the ubsence of collateral eirculation  As they

pownt out, many diabetics show this type of gangrene

-

e
S ety
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=
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7117, aged
Note

n  Case N
lation presat

feg after Ampuuht;
ilateral ewreul
-~ nty years Diabetic gangrene \ery edensive co
S o of dursahs peds artery  (Melauttrich and Boot %

)

Fie 70 —Roentgenogram of inected
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Fie "1 Fam duhebie gangrene of foot and osteomyelitis  Case No 37554
Aged seventy four years  {Mefuttneh and Hoot %)

Fia 72 ~Gangrenc due to embol ¢ oeelusion (Mehatined amd Root
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Dindbom® has published 2 be wetrful arteriagephic study of sascuhe
disease mn the extremities

Artert il occlusion m the typiesl diabetic gangrane 1s » gradunl process
at least at first— 1 progresatye encrorchruent on the hunen of the rtert by
wtinad thichemng  not mfrcquently showing heny deposits of lpord
Hence there ts time for collateral arculation to deselop  This 15 well
shown i Figure 70 Winle there may have been pan and disabilits dung
the process of rewdpustment esentually + delic ste pownt of equilibrum s
reiched where the combimed blood supplt from both mamn vessels wnd
coliatertls 1s Just sufficzent for the ordinars needs of the mb i1 unusuat
stress will tip the bilance  There will be msufficient blood supphy to mun
tun hfe of the tissues under aboormal conditions too much to permut
mummufication  Vost gangrene results wnd all too often leads ta general
1zed sepais

On this basiswe may say that the t3 pical diabetic g ingrene s preventble
Inyury and pacteulaly mfection can be prevented  Dirt il fitting shoes
carelessness ll wre ample 1l mescusable m proper)y tiught patients
(and only the diabetic with hnowledge of how to ¢ are for hes speetal hazards
and disabilities m v defet the disease) but nevertheless thes ctuse many
tases of gingrene
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Cliapter 11

THE IITART

A Ma1LraL sequel of the presalanee of arteriosclornsis in duabetic patients
15 the very frequent occurrence of myoc rdinl myury due to coronary dis
exse  \ stnking proportion of dibetic patients die of crdinc mjurs with
or without coronany occlusion wd mfwction While m the mterpret tion
of the sevents of chronic myoc irdil lesions the person 1l equation m 1y enter
(~ome mdis iduls regurd o g en degree of fibrows as more seyerc thm others
would) nevertheless there e four unequivoctl lesions concermng the
mterpretation of which there can be no question  These are (1) 1 fresh
infaret of the heart (2) a healed imfaret of the he trt with or without aneu-
rvsmal dilatation (3) rupture of the heart which 15 prictically always due
to mfarction () coronty occluston  \s my be <een by reference to
Table 37 in Chipter 19 these Iesions are appallingly frequent m dithetie
ptients

The statinties of wfaretion are wideh yanible ind depend somewh it on
the type of prictice from which the materl s driwn

3 —THeart showing healed an? fresh infarcts  Note adherent thrombus m 1 [t
seatriel  Female aged fifty mne years  Duration of d ahotea fifteen yeara

Qarey
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Ophulst 1n 3000 autopes of which 34 were on dirbetie patients found
18 cases of recent infarct and § of heled infaret  Seven cises showed
aneurysms of the left ventricle and in 2 the aneury smal sic had ruptured

In 1000 e unselected psies at the Mavo Clinge 49 mfarc-
tions were found *

Clawson ® in a survey of 30 265 autopstes, concluded that about 4 per
cent of the deaths could be attrmibuted to coronary sclerosis

The oceurrence of wnfarcts and coronary occluston 1 the present sertes
1s summarized 1 Table 30

TaniE 30 —INCIDENCE OF InFaRCTs oF HEART AvD CoRONARY TRROMBOSIS 1N
761 Di4pETIC AUTOPSIES

Male

Coronary
Fresh thrombosts
and without
Fresh Healed healed  Total  nfarction
Number of eases 2 35 21 83 5
Aversge age vears 615 60 3 60 2 no
Average duration vears 13 125 106 07
Duration unknow n 1 4
Female
Number of enses 45 2¢ 26 95 10
Average age ycars 612 €33 639 68 8
Averagt duration yvears s 1835 1o e

Thus 178 cardie infarctions (24 per cent) and 15 additional corenars
thromboses without infarction were found m 761 drabetic autopsies

Torty-seven cases had weathered one or more myocardial mfarcts before
the one that proved promptly fatal On the other hand 15 cnses died of
coronaty thrombosts without time for the development of demonstrable
rvocardtal infarctions

That drabetes 1s not merely an mcidental feature in these ¢ ses 13 s
trated by the duration of the diabetic process long antedatmg the cardiac
condition ‘The averige duration 1> tnehe vears thus gnmng ample time
for the abnarmal metabolic canditions to aflect the vescels

Tieference to Table 37 1n Chapter 19 shows that fully 43 per cent of the
deaths 1n these long durtion cases were directls attnibutable to disesse of
the coronary arteries Manu others of conrse had severe coronary drense

In our sertes of the 178 infarets of the heirt 53 per cent ocenrred tn
females

\athanson * n revienmng 100 dinbetic sutopsies found extensne curo-
nar disease m 52 per cent of drabetics above fifty years of age us agamst

cent 1n general autopsy materal

5 ?;;ot Bhndg Gordon :\11)1 White* compared 349 diabetic autopstes with
3400 nondrabeti antopstes and found coronary occlnsion to be much mort
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frequent m the dizbetics and to occur almost as frequentls 1n diabetic
women as i diabetic men

Stearns Schlesinger and Rudy® found sigmficant coronary disese 1n
approumatehy three fourths of 50 diibetic hearts studied by Schlesinger s
mjection techmque Among dibettc women over forty they found coro-
nary artery diseasc to be as common as among diabetic men  This meant
that in their dibetic series coronary ocelusion mereased twofold 1n men
and eightfold in women

‘The most extensn e study of the incidence of coronary artery dr ease 1n
diabetes 15 thit of Clawson and Bell? They reviewed 1 series of 50000
autopsies 1nd found that fatal coronary disease w1 about twice as fre
quent 1n ditbetic as in nondrabetic males and three times as frequent m
drabetic as 1n nonditbetic females  Thesy also concluded (in common with
other writers) that the incidence of disease of the coronary arteries in dia
betic women 1s almost as high 1s 1t 13 1n diabetic men 11 contrast to the
marked preponderance of the disease 1n nondiabetic men over nondiabetic
women In ther seres about 4 per cent of the deaths due to coronan
disease 11 males and 14 per cent of those mn females were associated with
ditbetes

Mulard and Root* found thit 8% per cent of a <eries of 108 diabetics
shoned coronan sclerosis of some degree

Tiebow and Hellerstein * summarizimg severil papers from the Literature
record figures for the post-mortem meidence of marhed coronary seler
os13 10 nonchabetics ranging from 8 2 to 37 per cent and for dibetics from
45 to 74 per cent  Obviously differences m the observers judgments as to
the presence of marked or severe coronary diseise must account for 1
good deal of the vination mn these fiures The same authors present an
other table showng the post mortem madence of coronary thromboss
varying according to chifferent reports from 2 to 23 per cunt for non
diabeties and from 19 6 to 61 per cent for dinbetics Here agun observa
tional differences must be important and st 13 noteworthy thit the high
figure of 64 per cent was obtamned by use of Schlesiger s 1njection techmque
which 1s recognized as disclosing a hugher percentage of coronin ecclusions
thin any other method (see Tig 78)

One of the youngest deaths from cardiac infarction included 10 our scries
of autopsieswas 1 pitient of Dr Joshn Case No 1704 Whenshe w 1stwenty -
five years of age dirbetes developedd Under msulin treatment she hid
permitted her weight to nercase from 67 to 133 pounds At the age of
thirty three vears eight vears after the onet of dibetes whe deseloped
mten e precordial pun after breaking diet Death occutred 1n a few hours
after severil Cheyne-Stokes ttticks At autopsy she showed fresh infare-
tion of the apex of the left ventricle and the interentricular <eptum  The
left coronary artery was practically completely occluded barely admittmg
o horsehaur 1n ats first portion  The night coranary arters showed numerons
wheromatous plaques B th of the coronin onficcs were surrounded by
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atheromaty which extended down on the ¢ndoe rdium beneath the aortic
nng  The norta showed extensis ¢ irtenioscleross of the atheromatous ty e

A ovpuat death from coronary muftciencs occurred m Cuet Mo Rlin]
onder the care of Dr Jodn 1 gird whose diibetes had dovehped foar el
tindfvors before her death  the e of twenty tno e Sl had
occr 1and attichs of pun over the haart wide v kg nd m the weck
Ju t before her derth hid frequentls compluned of 1t Her de 1th necurred

! o g e pat o liint
must Bl rsaba nt
U Joty gitese them

stddenls with the typral symptems of angmt while ndxn;i m an xlut:h
mobile  Ter blood pressure had been 120 mm systclie an1 90 mn; '”or
talic  The Wasserm wn re wtion w s negtive ind there was llD‘hl*\ m-;
rheumtie fever or charen  Unfortunatels an autopsy wwnet n‘)tnum "

Touhn s € e No 2703 died at the 1ge of twenty two veirs with T;m::d ?
thrombous ' Tn 1020 at the tume of the onvet «f his diibetes ﬂgl]\\:mhc
half vears before death the Was erm'nmlx rexl(‘hzr: wWirsneg e and

ssure wis 116 mm and dimstolie was 75 mm

hlol‘;lxlly’:es muw be auld and vet lead to serious wmmr,\ n(her:‘:d,(‘-‘m\sl*_‘
L man aged twenty seven vears whose dialetes had been
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years had been hept on a low-carbohydrate high fat diet  Death was due
to coronars sclerosts and occlusion assoaated with widespread athero-
sclerosiy 1

Diabetes 13 by no means a prerequisite for coronary dise e myouth as
13 shown 1n the remarkable series reported by Yater ef al 2 of coronary oc-
clusion 1 vcung men 1n mibitars service  Here of course the diabetics
were screened out before induction

When we consider chronic myvoeirchal fibrosis entena e difficult to
estabh b However scattered diffuse scarrng of the musculature chiefly
pernasenlar und barely visible m gross was considered shght  Pesubly
these fine se ur~ might be regarded as phi siological rather than pithelogie 1t
Thev are encountered vers frequenthy m the herts of elderly persons non
ditheties as well as diabetics A mederte degree of ¢hronie myvoc irdial
fibrosis was diagnosed when fine diffuse scarring was visible to the naked
eve and when the inicroscope revealed frequent small foer of fibrosts  The
preses ce f generalized fibrowis both gress ind microscopic was considered
a> evidence «f a marked degree of myotardiil damage

Fatrly cJonels paralleling these changes <o far as sevenits 1s concerned
ard of cour<e underlying them are the changes 1n the coronary arteries
Here again three grides of imvolsement are cousudered

) Shght «cattered atheromata or fibrous thickening of the yntima with
but slight nirrowing of the lumen

2 \oderate «attered atheromta with or without eilafieation or
fibrous thickening of the mtima the lumen reduced not over one-third

3 Marked numerous athercmata usually with some calafication or
fibrous thichemng of the mtima the Jumen reduced mere thin one-third
Actual oceluston m s or may not be present

TaBLE 31 —MY0( ARO14L SCARNING AND CORONARY DISEASE 1N 811
DranETIc AUTOPSIFS

Myocard al Coro wary
ros 4 Ler cent scleros & Fer cent

Note 1) 451 21 278
Sl ght 160 190 169 201
Moderste IR 16 1) 17 -
Marked 116 174 201 3

‘Total 783 731 813 % 7
Datamw & 58 £ 28 13

Clineally angina pectons 1s abnormalls frequent in diabetic patients
The sex ratio 1s nearly equal Since angina oceurs in y oung diabetics since
the duration of drabetes prior to angina 15 usually long and since the prog-
noyis 15 poorer for dinhetic pitients diabetes itself 14 1 all probabality a
defimte factor i the di ease ™

1
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The relatnely short duration of hife after the onset of angina pectorts fnd
diabetic 15 well explaned by the seventy of the coronary disease and tyo-
cardial ehange found at autops).

The oteurrence of hy pertrophy uf the heart 1s not mfrequent, as is shown
by Table 32

TapLe 32 —WEr uts oF Tie HE wr 18 817 Diceette Avtoraes

Niomber Per cent

010 350 ym 128 524
331 to 500 g 20 3 6
500+ gm L] neo

Three hundred and 6ty grams was conidered as the upper hmt of the
normal heart  Those wesghing ovcr 500 grams were considesed mrhedly
hy pertrophic

1
F16 75 —Roentgenogram of heart from ¢ase of mfarciion and mromdnxx:ﬁn;t;o:“
No 5142 Male, aged sivts-one sears Duration of disbetes one 8% 5 O% 30
Note the marked ealetficatton of the coronary vesels, als the by peirep

The wurght was 520 gm
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In the coronary artercs 1 n other irtenes of the ditbetic patient 1m-
timal changes of the atheromatous type predommate  The involvement 13
not umform, an arters may be almost completely oceluded at one pomt and
rdatively normal it wnother As elwwhere the atheromitons deposits
tend to hecome caluified and the artires mw becomd of pipe-stem char-
acter or show spots of ciletficition  Roentgen rav cximinition of the
excrsed heart demonstrates the ¢ lafic ition well as shown m Ligures 75 and
76 In the Ining body this method 12 not of value

FiG 76 —Rowntgenogram of heart from Case No 496 Mal  aged sevinty s
years Duration cf diatctes thirty veurs  Tnfarct of 1eart with rupturc  Note cales
Fieatian ¢f ngt t ns woll & loft cotor ars arton <

In wddition to the therom stous ty pe of imolvement fibrous thichamng
of the mtim frequently occurs

Whike the correlition betwedn coronary artericsederosts and that ehe-
where 1 the bodt s furls elose 1 the ditbetic patient there are wile
diserepncies at tunes, just s e found m nond:hetics

The most sitrsfictors method for demonstration of coronry lewons v
that of Schliunger * - By the use of colored ridio-opque 1njection masses,
hoth coronary wveclustons and anastomoses can be brought out and the

o~

-
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Fic 78 ~Roentgenagmm of heart injected by method of Srhlesinger Note occlu-
#1075 and anastomoses  Frmnde, gy vy four venrs Duration of disbetes tnelve
eare

4

nuFuda .

79 —Large abscoss of the heart from a case of carbunrle with Staphylococcus
aureya fepticemia and numerous abucesses myolving heart, hiver, and hidneys. Male,
nged 6ity years  Duration of diabetes twenty-thrce 3 ears
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Chapter 12

THE RIDNEY

Tut kidney of the diabetic patient may exhibut any of the disease proc
vsses found m rondibetics However, vertan lesions are encountered
ssth far gre tter frequency 1n dribetics and two of them {als cogen deposts
mn the tubules and intercapillary glomerulosclerous) tce almast pathagno-
mome of the disease

The rena] lesions which frequently complicate diabetes may be listed as
follows

T Presumably reversible methohe phenomena

a Glicogent deposits 1 tubules
b Fat depostts i tubules

2 Artenolar scleroses

3 Intcrcapillary glomerulosderosns

4 Acute and chronse preloneph mcuding g renal pipsl
btis
It should be emphneszed at the outset thit 1t 15 common for two of more
of theoe Jesions to he found together in the same budnev m the dibetic
This 15 puticalarly true of the last three diseases named aad 1 a ease of
ads anced renl disease it may be vers difficult or unpossible to assess their
relatsse importance  The \punger dsabetics who hay e had therr disease for
wany years 1most iy ariably shos o mivture of renal lestons so muth so
that one may speak of 2 mned diabetie nephropathy  as charzcterizmg
these patients (see Wilson ef of ! Aduns ? and Chapter 19}

Glycagen depomits m the renal tubules (so-called  glycogen nephros )
we discussed elew here {eee Chapter 5) Vs noted there such depowts are
presumed to he evidence of termm i ghveosurtn an hypothesis which sms
put forth m eisher edstions of this book and which has heen guen e\'pm4
mental confirmation by Curtss ef al? The leston has no hnown chmed
sygntficance other than as an dieator of gheosurit Fxpermuentally, &t
Lan be shown to be reverble by fowermg the bood sugar fter previous
high levels have been maimtamed ¢

[;'mt depostts are alo mentioned elsewhere (r ¢ Fagure 55) Fat “1;5’“:
1 the renal tubules under a1 wets of rondstions? and 13 usually regar: . a
& seversible amfestation of myury to the renal epithelm is mgda:
Clipter ¢ 1t hns been <een n the diabetie usually i1 s&wmm;:hv:: Q:w‘
dosis and coma & w uch 1 the past was aften Further compheated

Cases without recent coma s aho show fat
(168)
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sty reveried

diabetes WY delime wion

of the podular t+PC of mtercapu et ey feel et

te dxﬁemmx\le‘\ from cmilar leston® oceurring W ,, hrosclerost>

and chroni€ &' jomt T onephritis & conclude that 1w the odular form™ the
afic duertte Tustologie entith oceuTTIng only M drabetes

o1 endothels A and ep\theha\ cells 1 the g\«ymem\\h
d soddard” &r¢ pm\)a\)l\ e entirilt
qmular to those ge~cribed by ogha ef ol 1 TALS inade drabetic by prrtnt
vm\mat«tnm n nerther case can the e\penmema\ dueast be TeR wrded
a5 o eproduction of the huma?t Yesi0n
1t seems gener Ally agre that the ynadence of the lesion ¥ more doebh
celated to the Quration than to the seventd of the diabetes and our ORI
(hrenyations conform to tlus opini! ome thors virfinda correlation
hetneen duration of dibetes an madence and sesenty of the leson

I here seems 10 pe awile pread and w€ ok erroneous ympre~-100 that
mtercapiliary g\omzm\nﬁc\ems\i 15 rare 10 Joung diabeties On the con
trary 1t apPEIS to be common at Jewst W thost of 1ong duration (See

also Davson and Platt™ Ina auall of voun Aibett of long
duration ¢hsen € m this aboratory tercapiltar™ \nmem\osc\em 18
appears 10 esel x almost .y cent the few 1 which 1t cannot be
dently recopmzed sepresentin® 5 m which 1t obscured bt other

cevere lesons 28 noted abor€ Tndeed renal di €15€ fas become * major
problem m these 308 patients (see also Nitiard and Roo \Mann Gard
aer and Root™” Wil-on et a os?
ught conss e {he remt leson v redated 10 the sevents of the dibetes
nce the younser patients oftenhare he more ~€ ere diabetes n Ilowerer
many \ears seer™ tobe required pefore the renal di €15¢ s mamfest 1 these
ases

The time required for denelopment of thelesion 13 anknow \pparenﬂ)
wmay apperr wrly rapudly ® ndicated By the ntere UK case of Dero™
‘aad Schle nger® AP et & S Y peyear-old SO nd had
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disbetes for esght ve s before herdeath 1 our veirs before death a neph
rectomy hnd been done  (arcful wtudy of sections of this hadnes reveafed
anly 8 ingle nodular lesion m 1 wingle glomerulus which the 1uthors e
wehued to discount beeame of 1ts Lich of assocration with any vl thichen
g of the glomerulir tuft  Two vears before derth the pitient developed
mn e Abymmuna and 1t aatopsy showed 1 severe nodulie form of
mtercapithiry glomerulovderosts n the remamng hdney  [he authors
suggest that the pattent mas have had the Jeswon for only twp verrs c-
mcident with the alhumunuria

Therc apperrs to be no correlation between sutereapilisy glomerulon
suferows and byvahmization of the wlets of Langerhwns i the pancrets
However astnhmg correlation with retmal ch wges has been noted  Hen
derson ef of ™ found ritmopathy 1 688 per cent of cases of wterepilin
gloweruloscerosss 15 opposedd to 22 8 per cent 1t s of ditbetes without
mteropilliny glomerulosdeross Dolger® found that retimop i tended
to ppe ir approxun el thirteen veirs fter onset of ditbotes whether i
the third or feurth decarde wd to be ssacrated w0 por et of € sses with
hapertension wd atbuninarie most of the Letter begy, presumed & kue
mterapitbing glomeruloselerosts  Studies of thes wort mated hanmebtiel
wd Porteet® to suggest that retmopathy of the dibetic type should be
comstdered part of the chimeal symptom complex wssoctited with the rndd
divese

The elimcal recoguition of witerepllsy glomerud scleroses s pech iy
more difficult than was thought in the first few years of study of the dr ene
Robbine and Hoger*® conclude that not more than 40 per cent of ¢ tsex €20
be correethy dimgnosed on chimey) grounds  Contrary to earher expectt
tions st wppe s thit a fully developed  nephrotic svndrome e be ex
pected m onhy hout 10 per cent of cases [l pertcnson snuther feature
stressed 1 the first e vse reports 15 absent w as mamy as -4 per cent of some
senies (Ilenderson et al ™ 1he diygnostre value of finding any strepe h
pouds 1 the unine is stressed by Rufhan et al ¥

Runmebstid ind Porters s up the chnie ! findings as follons Yath
the exception of chronte glomerulonephritrs 1t can be stated tht dwabeiet
oceurs 1 almost ll cases of ntercapilhny glomendosclerass Hyper
tension 1+ found m approvimately sinty per cent  Sigmficant afbn nnuria

ot 11 the majorts of 1ses (approvimately two thids) cdena ‘f’l“

that by correhitimg severif of the sbove fmemgs v p om
pitient s e 1 fuehy accurttedingnosts mu be made i some e ¢ o
can sy however that i a pattent fifty or more vears of s with € ;r;mﬂ
ditbetes nephrotic edems and Albumm in the unne \»11!1!1 hx!;.l:n e;sy
mter ipiian glal
cholesterol one can safels make the dingnoss of § o B ot

seleronis with approxvimatels 100 per cent aceuracy
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glomerulonephritts m s be excluded by repeited Addis counts which mu
be expected to rereal hematuria not found 1 mtercpilliry glomeruloscler
osl

The ahoy e statement should perh ips be modified to the extent that inter-
capdliry glomerulosclerosis 15 probibly more closels correlted with dury
tron of diabetes thin with the age of the patient  As noted elsewhere the
madence of mtereipillary glomerulosclerosis 1n voung ditbeties of long
durition 15 extriordimanly high both on cimeal and pathologi grounds
Rather sudden onset of mirked albuminurts together with rise 1 serun
cholesterol 15 often noted n thew pittents ™

‘The pathogenests of the diert remans obscure  Prolonged diabetes
appears to be the sine qua nen Hypertension although commonly found
m ssociation with st cannot he hedd accountable since undoubted c e
occur m the absenec of hypertension Recently Wilens et el have made n
study of frozen sections st uned wath Sud w IV 21 ¢t es of the dise we and
find a statstically wignific it Tirper wnount of Fit m the glomerah i thes
condition thin m my of the other mum v nctics of ronil discise m dny
betes alone or an dubetic hypertensise patients without nterc apllan
gloneenloslernsis Although m o few mst wsces they found lhirge tnounts of
ghmirul v ipid 1 other types of ren il dise e the deposttion of fat 1n these
conditions bore no constant relition to the scventy of the renal lesions
In mteraipillany glomeruloscleross howescer the quantity of glomerulr
fat was directly proportional to the severity of the Ie 1ons i most nstances
From these data wnd from the distrtbution of the lipids within the hy alme
masses and betnecn the glomerulir tufts thev conclude thit depo ttion
of fat 1n the glomeruh mas be of primary wmport ance m the development
of the lesions of the disene W huve confinned the presence of lipid
droplets 1 the glomcrul but bave not mide a quantit e study of the
phenomenon

Lhe posstble etiologic relation of the tesons of mtercypllirs glowerato-
~clerusis to the cipillin meurvsms of the retiny Gspecnlly in relition to
the polvsacchinide content of the lostons forms 11 anatmg subject for
specilition (see € hapters 13 and 28)

Pyelonephntis —'1he frequency of urmry mfection i dibetes 15 welt
recegnized * In a scnies of 196 autopsted Cses Sharkes and Root®” found
Ppurulent infection of <ome pirt of the urmary trct m 18 pereent . Robbins
and Tucker'® found acute pyelcnephntss to be four and a balf tunes more
common as 1 ¢ wse of death ameng dobeties thm m nondubeties In
thetr wrics of 07 diid ctic pateents st w s the Sixth commonist Cu e of
desth g 21 of the fatditis Thes found sume cvdone of wnte
prebmephritis m | out of evers 5 autopsies «n dibeties

s conforms to expenience m this laboritors Fien now when acute
prelanephritis 14 heing controlled more and mure with the gatibioties (1=
dence of he tled lesions rresponding to the classieal deseription of Wers
nd Tarher* 1 found with grot frequency
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Recenth o proticulsr type of acute pyeJonephnitis known as necrotimng
renal paprihiey h recened mcreasing attention  In the <emes of 107
crees of dribetes reported by Robbins ad Tucher gt occurred once
cvery four cises of acute pyefontphitis and wav the <evercst form «f the
diserse accounting for 16 of the 21 deaths m that group

The lesion has been recognized for veary, but has recently been the sub-
Ject of threc det niled reports® © 4t y jyeh emphastze chinical as well as patho-
logtenl fertures

m the
2 —\cerotrzig renal papilhitis & owing th e mfaret Jike patches of necros s
ha a1« Photoyraph by courtesy of De Stanlés. Robbins

Junction of the pyrumd and the cortex  As the leston progresses ll;esi
abscesses hecome confluent resultmg in 1 complete necrosts of the trrmln:{
two thirds of the pyrimid  Grossh the Jesien resembles nmfre ;‘

the cortex but 1 hkely to be vellow brown or yellow green |\l!}lﬂ; l’)’(’;r’:;;r

«rl p tler zone which tn turn 15 often surrounded by a red z(}(mgc;(e Aborder
The more usual type of acute ptefonephritts may be found m t] e
vunang degree The process 1s frequentls but not nhm\“s)bl;x‘err'm o

ot cases i the prruneds of the affected kadney re v n; t:(" A
Frentualls portious of the papulle v breth off or St;qllll‘; :"”“m‘ i
whole papiliy wto the pehis may occur with wsocnted b
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renalcolic (kig 83)  Astnglecase of an apparent!s healed leston 1~ deseribed
by Fdmondson et al *®

The pathogenesis of the lesion remauws obscure  While common
diabetics 1t 13 secn alvo m nonditbeties with obstructise lesions of the
unnany tract  \o particultr bactena are constwtly found although F
ol and Staphylococcus aurens are frequent  The ifarct like necross 1
thought tobe assoctited with imp urment of the atredy rither feeble Cipil
Tary blood supply of the pipilfie  Small fiyalne thromb are commonty
seen 1n these vessels
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Fio 83 —Necrotizing renal pap itis Tow power  The necrotse tissuc of the
papla fns separated ke sequustrum

A someshit stmbar esion wus praduced (xpenmentally by Mallory*
by hzition «f one ureter m ribbits and mtr enous mjection of breterin
No sgmficant lestons appored m the nonolstructed hadnes but on the
obstructed sule an acute pyelenephntis with necrows of papille was ob
served  VMuirheid «f of % produced something <imilir by aseptic nrcterdd
ligation in dogs  Tlowever they offer no evidence to explim the fugh m-
ctlente 1n duirbetes without obstruction  Robbins and Angnst® eall atten
tion to the earher nork of Borlind and Jackeon # who desenbed neerosis of
the renal pyramids with calexfication in rats on a fat free diet  The relation
of this work 1f any to the human lesion 1s not clear The same apphes
to the experimental medullary necross induced with vinviamine by Mandel
and Popper ¢

17
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Chinically, the discase carries a high mortaht

as early as possible and treated vigorously édrzs:i:ildnhzlﬁozsn ,zc:t{
that the disease should be suspected in the following ty pes of dmbet:gg 2
tients (1) those with sepais 1 whom urnary symptoms or ﬁndlrl\’

suddenly develop (2) those who g0 mto coma rapidly with mtrogen mtes
ton but without an antecedent lustory of pyelonephritis (3) those with
Iow-grade py elonephrinis who suddenly become worse (4) those with hema-
tuna or renal colie, (5) those who faul to rally from severe 1ctdois with ade-

o)
b
B
W

> 2 E:

Fic §1 —Mixed dizbetic nephropathy 1n a young diahetic of Jong qwauon . ef
15 ovi deneq of watereapillan glomerylosclerois artertolar sclerows an { pyedor o hrite

X 150

quate treatment and whose nonprotetn ntrogen continues (o ris¢ even after
the blood sugar and carbon dioxsde his € rettirnted ta normal and {f) thon
with eharactenstie roentgenographie findings

Robbuns ef af % emphasize that the disease mas appeir as an atute ful
wunating febrile illness Without premomitory signs or ebe as an acute
severe exacerbatton of a chronic unnar mfection

The pyelograms may be diagnostic The following changes have been
emphasized (1} o deformuty of the tip of a c1lyx sumlar to the wsual
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pyclonephritis (2) a picture of cxeayation extending into the cortey, (3)
ring shadows may be scen m the necrotic papille, (4) extreme dilat ition of
the conenve tip of the Calyx, (3) tips of sequestrated papille w1y tppear
s free mas o5 10 the ranal pelvs

Summary —The hdney from o dithetic of fong st inding espectlfs one
an the younger e group mu be cxpected to show a mixture of lewons
usually arterolar selerosts mterciplluy glomerulosclervas  1nd pyelo-
nephmtis (g 84)  \lthough itercipiiliey glomerulosclerows 15 practi-
cally confined to diabutes clintenl recognition 1s difficult and furthermore
1t 15 the mixture of lesions that 15 charwcterntic of the dubetic hidnes
Therefore the common climeal tendeney to refer to wy ditbetse with signs
of renal diserse as havmg - Rammelstiel Wilvon diserse  would veem to be
unfortunate
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Chapter 18

THE EYE

Ine guestion as to whether the diabetic eye shows am characternstie
or pathognomomic changes 13 still disputed  However certun lesions do
occur more frequently m diabetics than 1 the general populition  Some
of these lesions are better studied sath the sht lamp or ophthlmoscope
than by histologreal techniques and ha ¢ been particularly well summarized
by Waute and Beetham ¢ to \\hose pper the reader 1 also referred for 4
d of the f

Eyelids —Waite and Deetham! reported a shghtly mcreased 1ncidence
of xwntheliwma* and of squimous blepharits m their series a» compared
with normal controly

Conjunctiva — W\ ute and Beetham' found 4 <hghth increased naidence
of conjunctivitts m the dibetic sertes  Cultures i 40 Cises shmved 1 pre=
dotum wnce of Staphylacocee aurens m most wstances

Cornea —In the senes referred to! wrinkles of Descemet < membrane
were found to be defimtely more frequent m the diabetics  They also ap
peared at an earlier age thinn the controls  The madance of raus was
the same in both groups

Ins — It 15 an old ohwervation that n the operition for indectomy 1
diabetic patients, s pigment 1s readily <et free and makes the agueous
dark and cloudy or altcrnatively an an oper ttion for catarwct a p et of the
pigment lyer may come anay with the lens ?

The cause of thrs phcnamcnon known for mamy vaars to ephthalmic
n of the ptigment
ul ind tustrated

ghvcogen i the
vacuolated cells  He '«tmc(l that the norma eye 1s free from glycogen Fut
thit m mflimmation ercnlatory disturhances and dittetes deposts of
Elscagen may be found 1n the i the cornel epithebum the retin and
thepticnerves  The presence of s acuoles and gh cogen in the prgment f43 -
¢r of the s 1n dinbetes has been confirmed by others and Villam® has
produced similar changes 1 rabbits gnen ntrapentoneal ijections of
Rluense over a perod of twelse to thirty four divs  Although the presenee
of ghecgen may not wecount entarcds for the swelling of the pgment ¢

S Nanth lsnafna an  mnw % b e dan o . a
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thelum wd the depsgmentation of the s frequently seen an diabetics it
seems Iihehy that 1t 15 2 major rctor

Lens  1he generilly weecpted moumfestation of oculie pthole v m
dubetes mellitus o the prey dence of Citaret Noted first by Rollotsre
hundred ind forty vears 1go 1t s nunte ned In practicth all tovth oks of
ophthilinology  Onh 1 recent ve trs has there been some doul t e1st 1s to
nhether citirict wn the elders person yartes 1w the ditbetic nd 1 the
nondbetr Therc 1s defimte evidence that catwact i the juventle s fur
more frequent n dithetrc pittents than 1 nouditbetic patients

Wute and Beethun® in their Cireful study of ocular pathologs m dit
betes exumned 2 439 patients iabetic nd nondnibetrc  Lhey found m

e
af gt
of the
Photor o

those over twenty veurs old thit 1 total of o per cent of the .lmhmcy:ﬁ
tients (3047 eves) howed lens opraities of all types wherers 1mnngf ){.1’
eves of nondinbetics 57 per cent showed of 10ities ot onh was {lxte ln o
number of lens oprcrties the same 1n drabeties and nonds tbeties b\tIf ¢ ‘:d
was virtpally no difference m the proportion of comphieted ¢ warae h'\u(r\; i
G per cent among 4 001 dibetic es es and 8 per cent among 914 nons

0)2‘75" the basis of I annk statistics Anthomsen® found that dependa gupon

tod
202 tupes the number of ¢3taracts m ditheties were opere

-
age from 15 to ed from the presalence of (it

upon m the Rigshospital 1 would be expect
rict m the general populition
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In a study of the chemical constitution of the cataractous lens of adult
type n both nondiabetics and diabetics the findings as miven by Carey and
Hunt'® arc approvunately the same  [hus m 30 nondnbetic and 13 dia
hetie cataractous lenses the cholesterol content was 525 and 511 g per
cent respectisely the caleium 30 end 35 mg per cent respectivel  How
ever there was a distinet difference 1n the phosphorus content, there being
i the nondiabetic 197 mg per cent of nonhpotd phosphorus as agunst
only 62 my per cent 1n the diabetie  1he cholesterol content of the catar
actous lens 15 approvimatels 20 per cent greater than that of the normal
lens and the calelum content, roughly three times that of normal lens or
normal blood

Chtaract has been a striking and frequent complicatton of experimental
alloxan dinbetes in rabbuts and rits  (See Chapter 25)

Watens" studhed the biochemical changes m the lens of the eye durng
expertment 1l diabetes m rabiits and found that although the glutathtone
content of the lens remained within normal hmuts the total sulfhydryl
content decreased within four hours after alloxin wd remuned low as
lomg as two vears  He concluded that the deercise must be due to a
decre e mn the sulilindn groups of protems Mot all these ribbits got
cituact but the expeniment shoned that early chemieal chinges occur in
the Jens within 1 short time after allosan

Oue feiture «f ctariet in the diabetic patient 1s seen in the juvemle
pitient where there 13 development of a distmctine type of opacity, dis-
tmetive i the sense that it does not oceur 1n normal indis iduals although
itisindistingusshble from the etaracts induced by various of the met ibolic
dwsarders and dimitrophenol  1hese opacities occur 1n the anterior and pos
terior cortical portions of the lens and resemble 2 chemicy] precipitate of
floceulent nature They have been deseribed as diabetic eataricts by Schiy -
deri2 ard as snowflahe opreities by O Brien Volsherry and \llen

An extaie dioson of eataract mas be found m the monograph by
Bellws ¢

Retma  Lor muny veurs the question as to whether v speuhe ditbetec
retimopithy exists has been 4 matter for debate among ophthalmologists
Recently the opimen seems to be growing that i manv dibeties including
some witheut hvpertension and without evidence of artenal or arteriolar
discase there oceurs an ophthalmoscopie picture characterized by smail
punctate and tregular hemorthages often associated with dilatation and
tortuo ity of the retinil vens with <harph defined  hard wlhite exudates
and sometines ending 1n the late stages 10 type of retinitis proliferans

n which many newls formed ves.els are found  Scyveral recent writers have
tud particul ir stress on the small punctate hemorrhages (mans of which are
probably mucroweury stas) as representing the carhiest detectable lesion 1
dhabetic retinopathy  As & vesult of this mereased attention has been
devoted to the study of the cipllaties and venules rather than the arter-
1oles as the probable site of the early damage mn diabetes Tlus point was
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emphasized by Warte ind Bectham ' who found deep retinal hemorrhages
m 18 per cent of 3915 viable fundi m dibeties  Flwyn® prtulated a
dilitation of the caprianes with con equent slowing of Bloo) 1 s (whie
he called prestwsis ) leadwg to dupedess of erytiroey tes and the formy
tion of smll hemorrhiges  He felt that this condition was me re clearls
related to hy pergly cenia than to anv other factor

Particular interest attaches to the work of Ballantyne® 1? who desenibed
microwmeurysms of the retinal eapilaries as the earliest Jesion in diabetic
retinopthy * These aneurysms are desersbed as about 50 to 60 mieri
diameter occur chiefly 1n the permacular region and are perfecth round
In fact many of the so-called punctate hemorrhages probably actually
represent this leston  Ballantsne desertbes them also 10 fiat unstained

e s
S d

T

The capllary pus ng from the Joft an} st ghtl

Frg 86 —Duabetic rctinopatly s

downwarlsull nl Ialloors out 1 to & m eroan urism rontain 1 g re ! Haod eells

speamens of the fe rmalin fixed retin L and in histologic i} sechion e states
that they mn have thichened In ime walls and my show cnlothebl
prohiferstion  Thrombosts and deposttion of fat in the endothelim may at o
ovcur Ve have found 1t difficult to Drate these lestons by gross examint
tion of autopy specrmens by Ballintyne s method presumably be(‘tx;;
the retmnl vessels m the usual ¢wdaver are furly well emptied of i !
However m occasionat fortuntte sections ;e hé\(\")e encountered fesion

which seem to conform to Jus de cription  (Fig

! The study of these capullary aneury sms has been greatly nltereddbysi‘)r‘!;
denwald o ® ¥ useful discovers of the value of the penodm!'w; St
rergent method of Flotebhiss and McManus when applied to whole m

and lustrated b

bed
+ Asroted Dy Slermll ™ ret nal m eroaneury pms were seserd a1

F Inard Nettlexhip in a case of - gly cosune retimiis reported by Macl
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of the retima By thes method, which has alo proved so valuable i
studsing the rcnal glomerulus (see Ligs S0 81), the (ipilliry brsement
membranes are stamed us intense purplc rel - When the whole retmu s
Stuntd dedivdrited obcred wd mounted flit withont scctionmg @ be ut
tifut dehinction of the ¢ apillary network 1s obt uned wnd 1t becomes dear
that the lesions described by Ballantyne e indeed aneursams shich often
accur 10 lusters and which may have thichened, hyahine walls (Fig 87 and
Plate I1I) ‘Lhese tiny aneurssms shich doubtless 1 large part represent
the punctate hemorthages of the chmieal hiterature seem to be most common

&'E\)\"’\'&.
*_‘n?’ =}, r‘f’\‘ [PES

Fio 87 ~Dubetic Capiliars Iy the
penadie uid-Selall g m thod appli 1 10 whle mount of rcima  (Dr Tonse
Fricdumal | courtes of Am J Oplth 57 457 194))

e dnbetes bemg found onh accaston dlv i other conditions 1% al
though Aliton, ™ wang mjection me thods finds smafl perpheril weurssms
nubout n thied of nondiibetic eves The mterestimg question 1s to whether
thest lewions oceur to 1wy gre it extent i other treues of the body his not
been answered A few hiove been descrbed m the conjutictis 2 *1 and ot
beda e

Tredenw ' and abo Ashton= ate the well known weoctition of ths
type of lewian with mtcrcpudliry glomerloscorosis (e € hapter 12) and
~peculate asto whether there mas be any puthogenetic relitonship 1 rie
denwald® makes the mteresting suggestion that both muw represent 4
disturbinee an the metabolsm of mucopohsicdindes  “This eoncept
s entarged upon in Clinpter 25
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Ballunty e also emphasizes the possible impc rtance of vem sy <trs
w the production of capillary dilatation and hemorthage  Lortwosty wnd
berding of the vems e furly common nd the occurrence ¢ f phleboscler
o his bren described particalarly by Gibson id Sputh 2 They strens
espeendly 1 by shine thickening of the mediy of the retmal vems  Symlar
abeervations are reported by Agatston” and O Brien and Allen® The
Intter authors describe venous vances m the retna as bewng more common
w dinbetics than tn pitients suffening from astersoselerons and sonal dis
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ewe (Fign 85 89) It <houll be cropha wzed liere that wetenclir sleross
13 ¢ ften seen partical b m the choroulsl ves (s but s simlir to that
found m nondobeties

e g wmable esistence of wmamercr of cgilhiey fraohity e dobetes s
wm expluntion of the frequency of retmal hamerrhage s Leon sugaested
by Haonm * Wagener 27 wd others und hinled to the trement (withont
dlear-cut results) of pitients with itumin C andvarous flnone deratives
such as svitymm P (ertnin) hespendin wd espeendls rutin Rodriguer
‘md Root ®foun 1inereased capuliiry fragility w40 per cent « f 100 unselected
dnbetic pitients prictuically all of tho ¢ having retuates showed an i

= =
¢l 8. -
"qﬁ.ﬂ«i
N ‘,
w T
S

et
E:‘ T
.f.,' -, ,),.;
S
iy o
s P ~
LT N
T
o

AN

Tie M Rty (uyrolforans na labiteeve The ptenerematthel fi Iy ¢
Nomere Bealn 11 alc  t«tv tsuemenbrme axtir bt t AL \itraan
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crewsed framhts The feambits ¢ ull be brought to normal by gis g ey

therapy with rutin

The hird winteexudites <ecn ophtlilmescapically 1ndy theye g g
uhy an sametumes referted to smply os byaln ¥ riederwilte pon
RKoranag® negied them s ms s of n jssated protemn presuns?, .., o
wg frvin transudstion of pla wa through capliar walle Thely oy x -
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regards them as charietonstic of disbetes  Deposits of fat and chalesterol
sometimes m phagocy tes ms lso be seen

Retmtis proliferins shieh conwists esentilly m the tronth of 1 con
tectrve trssec manbr e fron the retiny mto the vitrcous m be the un
fortunate cud rewult of dibetic 1ctmop thy % althongl it 1 not spuctfie for
ditbetes  "Lhe pathogenests 1s obscure althaugh it secms to be wsocrited
with the orgunz:tion of repeted hemorrhages  Some authors emphaare
the frequent 1ssociation of thys condition wuth the renal compic wtons s
often seen in diabetes of long durition  Rben™ distingrashes tno 1 pes of

Turdy) o ry sow Ietad
Lo B —Rotunt prol ferans Sarne as Figure 0 %

£ the prclforatut g vaseular canrective sy mendiar Dk gro syt
tmoalm X 12%

retinttss proliferans  1he first 15 due to wfl unatory ar trwunitic nll‘vr.lre
tions 1n the retinal vessels anr 1s charictenzed Iy bewg Jocrted amywhe
1 the fundus and by the formation of 4 denve opique comtective ﬂﬁnu'c
membrane rich i cells but contanmg few blood vewsels  The w[:m:;d
which is the type found m diabetes orgmmites at or hear the aptic di ::“
1 charictenzed by profuston of newh formed blond vesshs appe lrmx‘:
sn advance of any notiecable amount of connective tisue, and 'm‘"::mr-
<howing 2 brush fike arrangement with coils or Joops m the s itreows 1t
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mg to the dsk (Tigs 9091}  Klien"” conwdered the ltter type s due to
degineritive vasculir discase le wding to extensive anastomoss

T rom the standpoint of the generl pathologist retitis proliferans would
st to be most ewily cxpluned as equn tlent to in orgatiang hematotn
m other tisues  Its histologac pattern would then prosumably be due to
the chrcteristies of the vtreous and its frequency m dirbeties would be
the result of the multiple retin il hemorrh iges <o common in these patients

Another ch nge not infrequenthy scen in the e st rges of dyihetic retenop-
ithy s accdusion «f the central reemilvan erther by thrombeas or intim il

i

EAT I
=y “‘*}‘\
P v
RN
- NSearn

o922~ Bitnords o ttertuap adabitt TL s nay le sevnta
alt tarun 1t i e Laletien X 250

pOlifeeation This I uls often £ the formatim of 1 pecalir <onneetin
1 sue munbrin on the intencr urfae of the ins (g, Sy

In the Iite stages md particatieh movoises wath ads mend iscalar s
Cueof the hidnevs the desions mthe retm o e eomplic ted by thow
of soalled “albumumunc retmatis with marked artercdar sloross m
both the retm and < rord and the deposttion of  Bbrin nets (hg 92
These lesions are tewtsfully dllu teated 10 color by Schieck

Nerves —The onlv change wiich appe i to he distinctive for diibetes
1 the deposution of glycogen i the corneal and optic nerves menti nedd | v
Bestt and fully descnt ed and allustrated by Hoffman
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Summary In summoury the following ocultr ehinges mn be sad to
be charactenstic of though not neeessanly speofic for dnbetey (1)
vacuoltion of and depositton of gheogen m the mgment (prthelium of
thems (2) capilary hemorrhges and espeaatly, nucro meurs sms 1n the
rctmay (3) dilrtation of retinal y ems with phleboscerosis (1) the deposttien
of dense protem rich trusudites m the rctinu (5) retinitrs prolferans
(0) occiusion of the centril retmal sem with form ttion of a3 wcuhe cen
nectre tissue membrane on the antersor surfice of the s
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Chapter 14

THE NERVOUS 5YSTEM

\rTHOUCH drabetes mellitus v mtinately connected with the nemous
~istem (emotionl glycosunt decreased carbohvdrate tolerince during
peritds of mental anwetr) demonstrible changes m the nervous system
are almost entirely due to complhic ttions of the disewse rather than to dia-
betes itself

The most striking chinges are those second iy to vascular dise e
Cerebril hemorrhage 1s much less frequent relitine to othar types of arter-
1osclerotic disorders m dibeties than i nondubcties The same holds
true for ccrehril mfarction Among 818 deaths of this wories only 29 were
due to corebry) artenosclerotic changes Tlowever e Tong hasroterstesd
the pont of vicw that mam of the neurologic muntfest itions of diabetes
muy be attnbutable to vasculer disense

Sections of the brun tn Case No 06 dying 15 a rosult of mossneintra
ventrieulir hanorrhage are shownn Digures 93 and 91 This case wis 1
woman uged sixty~even veurs whose dibetes had heen present 21 vers
The hemorrhage was secondry to rupture of the left nuddle cerebral arters
Of course changes of thes tvpe are m no <«en e peculir to dinbetes

From the bruns which we h e personalls examimed  ind from the reports
m the hiteriture there are no chnges distinctive of dithctes other thn the
abnormal glyec gen deposits m certain ¢ wes of dibetic comy - We have not
scen the droplets of glycogen described by Geipel® as ox Curring m the py -
Tl cells o some ¢ ases of dibetic coma Crsamgor hs desenbedd the
presence of droplets of glycogean m the pery iseulte Ivmph spaces of the
brunm coma ¢ v es although these wre frequentls prosant m the mfections
diveres s well When the glycogen 15 prescnt i hege amounts droplets
m be present in the gha eells One of us (5 W) has seen this tvpe of
gl cogen depoution 1 3y eta hruns 2 from coma Qses Other aspects
of eerbril change will be discussed 1 Chapter 22

The findings of Medwedeff and of Thilon Riggs and Dyer m the brun
m eases of coma re mentioned n Chapter 7 The specifienty of such ¢h inges
may be gquestroned

A s o f heas from the presint series s o b studied By Dr
S P Hihs  Ilis meomplete results suggest thit ther are no const it
changes  Minor ehanges are «f coure hard to evalite unce dabties
are subject to <uch a vamety of complicating diseases e pecialh of the
blood vessels  The findings of Vonderahe! and of Morgan of af ¢ of a reduced

numbir of ganglion cells i the pwaventnieulir regons have net bern
et
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confirmed, ~lthough Cluan® has clamed to find degeneratue changes ¢
this part of the brun in 2 «ngle c e

Disbetsc Neuropathy —While neuritis purticut s of the Jower extront
t:es 35 common 1 ditbetes the underfving lestons are poorls undertor
Puresthesr wnd vwsthestt are not rare ipprent trophic disturb e

Tic 93 —Massive lotraxentricular ! emorrhage from muddle cerebral artery \o
4606 Female aged sixty seven vears Duration of diabetes 23 yuar

k3 91 —Tumorrt age m fourth ventricl. from same case a3 above
mas occur 7 Woltman and Vi sldert b e collected 36 cases from the Inle;;
ture and haye reported 10 additional eases  In 3 of these the spmel conds
were eximned and showed oult slight lestons most easily explamed on an
arteriosclerotic basts and not similar to the degenertise changes uf'n pere
ntetous anennz  'The postenor columns were the most miohed hev
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found in the peripher 1l nery ex degoneration allegedly assocrated with marked
wlerous of the intrineural vessels and mantained that atheroscleross 13
the most important factor m the lestons of nerves i dibeties However
therr lustrations do not show the lesions usnally regarded as atheromatous
but rather what appears to be 2 mild concentne thichening of the walfs of
small vessels

Other investig itors® 191 huve reemphiisized the rdle of scleros of the
smail v essels in drabetic neutitis  The evidence 13 not cots ineing howeser
and 1t 15 not apparent that an adequate control series has been studied
Turthermore  neuropithy of this type 15 not common 1 the adsanced
generthzed arteriolir selerows of Iy pertenives, a3 one mmght expect 1f it
were purelk on % vasculwr basi

Fraser” found n man aged thirty-ax vears whose dinhetes had been
present 125 years with neuntic svmptoms espectally in the lower leg to
have demyelmization of the posterior tibuil nemve

\s Woltman and Wilder* pomnted out the pre-msulm diabetic neuntis
was firgeh on a cachectic bas Wit some' have suggested vitamuin de-
fiency as a factor it 1s hard to think of & diet better provided with anti-
neurtic yitiumns than that of the tvpical dishetic  The rule of vitammns s
hard to assess 31 Rundles' * ponts out that vitamin therapy without
control of the dinbetes seems to have made some ¢ s worse

A group of nerves removed 1n this faboratory has been studied chemm
calls ** The duninution of hipoids roughhy paralleled the ierease in arterio
sclerosts Abrut ane-half the caves had neuntic mamfestations though

TabLr 33 AvERacy VAILes Wit RespEcT 10 ARTFRIONCLFROSIs  DHABFTE
Ceovraren Witk \orstaL Nervestt

No of Fhosphlipd  Cholesteral  Ceribroade
ent

Arer oseleroe » eases per per cont per cent
14 (e ght) 1 385 115 160
2+ 6 160 a6 06
Y 12 16 0 60 [ s
A+ (2 hareed) 1 140 015 136
Narmi av g 140 1A in

frequent abncrmabties of cirenlation might have pliyed an wportint put
m the wmptoms  Fflorts to correlite dimbetic neurop hy wath the chems
«al constituents of the Howd™*® have shown some elevation of the phos
pholipids 1 thowe patients showing newropithy

However the patholcgre aspect of the problom has set to he ettled
since chmeal obsersation has shown diabetie neuntis to be midependent of
arteriov lorosis ¥ 2 Often accurnng m soung indequately treated din
beties it may bast for monthe enlv to dapprar completels with a lequate
thernpn Thus far we have not had opportumty for histologre sty of such
aeae The puthology appears to be prutically unhsown

13
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Sectsons of spinal eord h e becn studied i a number of our cases withe ut
definite abnormalities but we hive not had matenal from a case of tabes
dibeticn

‘Ihe prompt recovery in Mayjor < ¥ cise suggests tht the cond changus
cannot alw s be severe

Griggs d Olsen* desertbed thred tpes of cord v ol ement as occurrmg
w dibetes (1) degenerition of the motor cells of the brun stem and
spinal cord (2) degeneraticn of the mtrmedullary portin of the doral
root fibers with secondiry svstem degenerition producing a lesion Iike
tabes dorsalis and {3) fumeular necrosss of the pr stemor columns pecurnng
especiilly m the cervical and upper dorsl segments « f the cord  Thes re
port an cxumple of the It type  The sigmficance and pathogenesss of
these lestons are obscure and their speeifictts mav be questioned

The ripdits of recovery 1 some cases «f diahetic neunitis practiciliv
precludes any marked pathol sgical change  This 15 evidenced by the wa ¢
of Root %, a middle aged woman who hid double wrist drop and double tee
drop but made a good recovery m six weehs tune when she was gnen
effective therapy for her dinhetes
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THE PITUITARY

T the effort to find some expl ination for the occurronee of diibetes in the
Wence of pancre e pathology chinmeil obsers ation has led to the sugges-
ton that ptwtary dist e 18 responsihie for a eertun mumber of Cives
Mirie ! m desenbing aeromegalt as 2 chmd entinn noted tht dinbetes
ovcurred i 2 of s st 4 case and wath the aconmuliton of cise reports
a delimte relationship between these dwenes becume evident  The
assochition of pitwt i tumors and ghcosurtt hd alreads been noted th
Foeb "

Custing® 10 an admirble series of climead obsery wtions and experiments
produced strong evidence of the assoaation of glycosunia nith excess secres
tion of the pstntary and camvaraeds the ssoention of an ibnormaly gh
irthchvdrate tolermes wath by poseerction

Presumptive evidenee of the relatwanshup of dyhetes and the pitwt an
glud arc the stadies by White! ind Toshin * emphaisizing the occurrence of
dnbetes vinong datdren who e taller than the ordimiry nd who show
ather foatures suggesting prtwstars abnormalities Rosenbusch ® however
was not able to confirm this

Table 34 gves ~ome wden of the great frequency of diites or better
sheosuna moacromegaly * The <ubject has been reviewed by Copgeshall
and Reot ¥ who abo compared the organ weights of acromegihes and din
betics and found n penersd o predommance m favor of the former

Tamr B Farquenor o Lvega RIL IN A RIME ALy

A smber
Cavnof  shorng

i acromegal s glyocerta der et
s ma ot @ 12 12
sl ¢ 170 1) "
Wiltame ¢ ¢ n 3 n
1 reliar it 6 b 40
Ani e &8 16 18
Rowenbrg > 19 &2 42
Lt zant Um0 h ) kg k3%
Coggesball at § R t? 53 B A

“ Tlmut e empt Laz«dtiat there 1s conoadorable oy rlag i g of easeq 1y Nistatd
For ytance Coggeehall an 1 Roat dactude 1n theur figures the 100 raxes of Cudl ing an )

avil € shich th v reviewed agun finding the e lence of gheosaria Higher that
H ongnal st rebat O wglt

"
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One mmportant difference. between ordinry diabetes mellitus and that
wsocated with hy perpitwrtwrism 1s the tendenes of the Jatter type tore
mun mild and even to regress  I'no cases of Cushing (eited by Colsell )
are known tohaye regressed after veltef of pressure from the pitusters tumor

The possibdity that changes m the pituitary may hinder msulin formatio
by the pancrens 1s slight  Colwell’s has collected 15 c1ses of acromegaly
showing panereatic changes which mav be clasaified as follows  fibr wis
atrophy hypertrophy pancreatitis (hemorrhagic and suppurative) hvaln
1zed 1slands dimmution of number of 1lands and hvperplasa of sshind
cells Certamly no distinctive effect on the panerets ean be detected here
Root¥ has found no sigmificent differences m the pancretie weights of
acromegalics with ind without diabetes It must he emphasized agam
that differential cell counts (see Chapter 3} hive not teen done 1n these
cases

Anterior lobe extract has been used by Young' to produce 1 permanent
expernmenta] ditbetes i dogs (sre Chapter 25) s results have been
confirmed by others 1n Tuding Best ' Sections of . well preserved pncreas
of ane of Best s dogs exummed t yoneof us (5 W ) showed marhed hvdrepie
change of the 1sland cells This 15 of spectal interest as assay of this pun
creas showed 1t to cont un no msulm

Hydropic change (probabls glycogen deposttion—~see Chapter 3) »
characterntic of the early reversible stage of pitwitary diahetes called
:diohy pophy eal by Young  If mjections are continued the pancre1s ma
be permanently damaged and a permanent { metahy pophyseal ) diabetes
ensues  This s discussed more fully m Chapter 25

Doctor Young ver kindly sent materal from the prturtartes and pen
creases of his dogs 28 and 41  One of us (S W) faled to find marked hist
logical changes 1n either the pancreases or the prturtaries though “‘[*;
sular epithelium showed apparent hidropic change  An incomplete ee
count from the pitwitars of dog 41 showed acrdophls 43 2 per cent hase-
phils 5 9 per cent and chromophobes 50 9 per cent Some of the chromo-
phobes were larger than usual He reported m one of hns dogs complete
ibsence of normal islnd cells 10 b

Tirmly established as 1s the influence of the anterior pitwtary on ”"l:
1ydrate metabolism the role of thys gland 1n human diabetes has vet to

larified the

Attempts hav e been e to explain the ordinars type of diabetes Q“( on

asis of pitutars lesions  Fry® has described adenomatous prolifert l“d
f eosmophilic cells m the nterior lobe areas of cellular deg?“e"‘t:m; ﬂn 4
colloid muasion  as charactenistic of drabetes melhtus  hraus’ D:"d
imular lesions 1n the prewtary glands of 10 diabetics between faurteen -
wty-one vears of age and in 2 of 12 eases over forty -one 3 ears of ng: o
wncre s WAas negitne i only 1 case however  He has found the prtus

1 ditbetes often spnll even two thirds normal size
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Rrus™ his descrbed hydrope elinge of the basopluhc cells 1 2 din
Fetws whose pancreases alsa showed hydeopie change  In the majonity of
the « 1w studied by him® there was & net reduction in the aadophibic ele-
ments when the size of the putitars ind the size wd number of the aaido-
philic cells were considered although he al o mentions tdenoma lihe masses
of acidophils

Lhe-e findings have been accepted by manmy wrtens™ IHowever 1t
mterestimg to note thit when hrans presented lus findings 1t the meeting
of the Deutsche Pathologische Gesellschaft m 1923 % disagreement was
voweed m the discussion that followed by at lewst two pathologists The
findings of Labbe and Petreco ® tended to confim those of Rraus

Cunz? distingunshed two hinds of chromophobe «dls m the anterior
pitwitars the stem cells and chnef cells (I wptzellen)  The former tvpe 18
the prog of all ctlls chromaphobe as well as ¢k hil and the
Iatter tvpe he apparentls regirded 15 a differentiated but nongrinulated
cell In 11 of 13 dibeties most of them elderly Cunz elwmed to find an
merease 1o these chief <adls usilly assoetited with & dimmation in aado-
phus  He lhens the situition to a stuft to the left  or maturation arvest
such ns may oceur m the hone murron  He aho recorded an increase m
mterstitil tissue 10 severil cases

If 1t be true tht the growth hormone 1s the tmportant one i expertmental
prtuttary ditbetes (see Chapters 25 and 26) ind of it does pln 2 role 1n
some eases of human dinhetes one might espect an mcrersed number of
serdophils ruther than the decrease noted by Rrwus m most of his cases
In this connection hrius® simpls states * Though the findings are not en-
tirely umforin there Cunot be am doubt that wiile hy perfunction of the
Pancre s ilets ¢ neses progesaise changes in the hy pophyvsis (stich s hvper-
plwivand adenomas) = deficient function resulting in ditbetes Ieads par-
ticularly 1 cxpermmental anun s and m yuvemle per~ons to retrogressive
lesons s deseribed v hraws e also suggests that the diserepanes
betweon hisdata and the negiti e findmgs recorded in earlier editions of thi
book muy be due m part to the scarcity of yjuvenile patients m our series
and i part to the ¢ffects of msulin treatiment

Inastuds of 8 series of 107 pitwatary glinds Pasons™ incu led 7 cases of
thabetes i one of hemochrematosss No sigmhbennt patholgieal ehange
was found

In 20 cases of dnbetes € rooke® fuledd to find noy by alime change m the
b phthe exlbs

Ouly one 1ostance of mesderate mnere s 1n nutaber of basophils was found
by Hiwking® among 6 cises of dinbetes «nt nhieh he did differential cell
counts by the Rasmusan method

W have been imable to eonfirm the findings of hraus and of others who
have rported chaneteristic findings i the pitwtany 1n dubetes mellitus
As noted budow we have bad hardly any scute untreated cases in voung
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pittents and 1t 15 possible of course, that hrws w s fortunite i h nmg
& group of such cases before msulin ¢ \me mto general use

Dr Towse Eisenhardt® has cxamimed mn sernal section the pituitary
glands of 18 of our eases of diabetes mellitus and rindom sections from 2
wditional cases She found no significint changes ¥ xammnation of adds
tionl rindom sections 1 our senies has given no result at vanance from
hers  In her group of serilly sectioned prtwitanes the materil w 1s chosen
to represent voung dnbeties who e disese w 1 of long durition (2 cases)
adults ringing from forty three to srxty mne vears of age with dibetes of
short duration and adults ranging from forty-eight to seventy four vears
of age with dibetes of long durition  Some of the prtients had no insulin
others had recened slight amounts of msulin and others were under ade
quate control  One case died 1n coma 12 showed 1 mild diabetes and the
remnder severe The durations i these cases ringed from one month
to exghteen and one-half years  Thus this group the glan is of which nere
studted 1n serial section represents a very fair cross section of the ditbetic
populition except for the omission of 1cute cases i the voung  Autopsies
hwe been very few on such cases m ‘
chmeal colleagues  In the one cse
48 91 studied through the courtesy «
who died ncutely i coma the dirbetes hiving been unrecogmzed prior to
admusston to the hospital we were unable to detect amv definite chinges m
size of the gland or in distribution of cell tipes  [here was no evidence of
necrosis scarring or lnalmization

In the 18 cases mentioned 1bove the prncrenses showed wide ranges of
apperrance  Some were completely negatne others showed svarious
changes such as drminution n number of 1sinds fibrosts or hvalinization
of the 1slinds vanation 1 size of islands nd heme chromtosts  Iatty
infiltration of the pancreas was noted 1n 5 cases

These pitwitary glands showed no constant sigmficant chunge Th:
most constant findings were postertor lobe myaston by basophilic cells and
Jight to conspicuous + teuolization of th se ba ophilic cells m - the anteror

Jobt  Ihe litter maw be comparible to the change noted |1 Jreus 2
¢t ls cses 1ssocnted with hydropie change «f the il inds of Langerhans
Smce this + wuolization of the basophils cccurred shom the control ¢ases
1t 15 not regarded as @ signtficant leston Bsophuls with two nucl(]u }:\e:’:
common  An adenom 1 like mass of basophils Jwy n the anterior lobe

Case 21757 The 1adophils seemed to show no significant chl“’;:lx::l
number except 1n one ciee thit of a young male dribetic wl t)re t 1](]‘* e
ber w15 decreased and the cells were smill m size Syme of the cel b cot
tamed two nucler In 8 other cases multinucleated t(‘{],]s \\er(;hz e
Small s acuoles were frequentls noted i the evtoplasm m(.i. cneslmm
phils had homogeneous evtoplsm and one cell was found 1 m o pll

Onls one case therefore showed the d:mmlmon‘ m i
that Rrws has strewsed and none showed the nden matous
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that he mentioned  1he chromophobes were noted as large in 4 instances
but othernise were not migmficantly altered except for the exstence of
vacuoles m occasional cases which gave some of them the apperance of
foun cells  Nuclear prvhnosts was common  being present sometimes in all
three cell types at times restricted to one or another In 4 ¢ wes small fou
of necrosis were encountered 1 the anterior lobe  In 3 cases there was a
«hight increase m mterstitial tissue € olloid in the anterior lobe was withtn
normal hmits  The collod w1 particularly comspteuous m Case 20254
mld diabetes of four months duration occurring 1n a womin aged sixty
vears  The one ¢1se of hemachromtosis showed heaty pigment deposition
throughout the anterior and posterior lobes  The pars intermedia shoned
colloid in all cases moderate in 9 and marked n 6 Cysts hned by elhited
epithellum were present m 3 casex Similith no constant changes were
found m the posterior lobe  Posterior lube myvasion by basophils was
note 1 17 of the 18 ¢ 1ses and was mirked in 6 and moderte in 5 cses

Ve feel the canclusion 14 justified from these data tht the pritwitars gland
presents no significant abnormahity 1 dinbetes mellitus with the possible
exception of rire acute cases in the young

There are two reports of appirent  Honssay phenomenon 1nman 1¢
marked ameliorition of a pre-existing diabietes scemmgly due to destruc-
tion of the anterior pitmitary by a comeident disease 213

Tor a discusson of expunimental pitwitary diabetes see Chapter 23 For
consideration of the possible etiological role of the pitwtary 10 human
dithetes see Chapter 26
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Cliapter 16

THE ADREML GLANDS

S1nce the demonstration thit removal of the adrenals from v depan
creatized anunal would lead to ameliorition of the dubited * 2 and that
admmnsstration of adrenil cortical extract to such an adromilectomized
depincreatized ammal would agun increwse the sverity of the diabetest
much addittonal es lence has heen added especettls by the work of Ingles ¢
on rats and th it of Lorsham el 7 ind purticularhs of Conn® 10 producimg
a diabetic state experiment Ul 1n the human subject by wWmunstration of
ACTH  Abso of note 15 the work of hobermick and More'® 1n produung
Indropic chnge (gl cogen™) i the 1slets with cortione 1 urther details of
the experimental bikgrounl for molvement of the adrand ghinds
dinbetes together with appropriate referonces mu be found in Chapter 25

Climel evidenee for the partiapation of the wdrenl cortex i human
diabetes has been provuled 1n the first plice by cives of Cushng s svn
drome which 1 usnally assocnited with ather tumor or by perplas of the
adrenil cortex and 1 whiehi there 1s usually imp urment of glucos toler
ance and msensitivaty to msulm as wdicited by the glicosesmsulin toler
ance test 213

Tumors of the adrenal cortex are commonly assocted with diibetes
wannlle of mild degree ™15 Shepardson and Shapiro® studied 18 cases of
adrenal tumor with disbetes and nrsutism { dobetes of borded women )
they noted no strhing pancreatic chnges m 8 autopsies other than onc
arcnom and one ¢wwe of hemorrhagie necrosss bowever speaific grinule
statns were not used  In wome cases cure of the diabetes has followed re-
moval of adrenal cortial tumors * ¥ In such crses 1t 1s to he presumed
that the diabictic “tate 15 accounted for by an overproduction of thos
cortical hormones which are chiefls concerned with earbolivdrate metibo-
hsm ce the 11 amd 11-17 osygented storods

Tukens et al  wn summinzng 55 cascs of tunscr o bvperplisnn of the
adrenl cortex found impatred ¢thohyvdrate tolerines i 49 per cont and
well marked ghoeosutin m 35 per eant Rusr and Blumenthad* soviened
W0 autopues with nference to the <ate of the adrenit cortex OF the
total 3 per eunt had dibetes There were 131 ecrtieal adenom s and of
these 21 or 1t per cunt were dubwtie Of the 21 10 alwo had hypertension

el et 7 has extended his concept « f stress to mehude epiondes of b per
gheemty and ketosis following pevehic or phsical tramma and m faet
includes dinbetes among the diseises of adaptation  The wmplicatin 1
that os erseeretion of adrenal cortical sterot1s 1 time of strews 13 the een-

(201)
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show asteoporcsts md an el ated cserctim of H-onsterads thus idi
wng a compensators overwtnity of the pinereas i order to prevent
the hs pergh cemn that would be expected  Tinallh carrving thus reison
mg over to dithetic patients they found n common with Mller and
Mason 2 a somewhat decresed excretion of 17 Letosterods ind an essen-
tnlls nornml cosmoplnl response to ACTH  Thus they suggest that the
winaty «f the puncreatic et ells tonds to vary directls with that of the
wkeenl cortex mman

\bo of mterest m this connection 15 the work of Lield and Marble # who
studied the response to stress m 25 ditbetics and 13 nondiabetics s meas
nred by the eosinophil count on the second postoperitne dw follosing
major surgers  ‘Len «f the 25 dhabetics showed an evsinophil count which
w 1s depressed less than o) per cent of the preoperative level whereasall 13
<ontrols bad more than n 50 per cent {1l i eovmophals  $ho 5 of the dine
hetic prtients showed less than a a0 per cent drop in eosmaphils i four
hiours following a dose of 23 mg of ACTH  (1he same patients showed an
wequate response to cortisone ) The conclusion ws that same duibeties
m have 2 dunmished adrenil cortical reserve

We have not observed any comstant gross or microscopre danges m the
adrenils i the present series  In a stries of 50 cases the adrenal cortices
hnebetn measured m autopsy <lides by the method described by one of us#
and nosignificint change foun 1\ artiunen® found no change n the weight
of the adrenals m hus cases

The Medalla —The wlrens! medullt has never exated grest mterest
#s 4 posatble causating factor m diabetes although the elassical work of
Cannon® established the hypergly cemia of sudden stress as due to rn 0
crewsed sxretion of epinephrme The reasons for thes Ik of interest have
been apparentls as Richetts® states the trinsitory niture of the respons
to epmephrine the failure to produce ditbetcs by long—contmued wjection
of epmephnine and the lach of effect of ablation of the adrenal medully on
the course of cxpenmenta] dinbetes Hlowever 8 Rucketts®® 1lvo pomty
cut human disec s hoas ceeelled the borators mproviding «vidence that
pmephriie m be dithctogeme imee 11 seven ¢ e of pheo hromo-
ovtoma hn ¢ bean reported mowhich the assocnted dibetes w s cured op
marhadly amdorated bh remorval of the neoplasm ® =2 One of thew i ex
had a3 much as 83 umts of msuln duly The actud mechansm of pro-
duction « diabetes by these tumors 14 abseure and mas perhaps be at
tnbuted to the actwm of epanephrine on the  prtutar-adrenal ass % with
sceond iy overproductim of corticnl steronds Thus the dathetes would
e exsentially of the adrinocortieal type

The state of the pineras m such s of reverable dithetes dud to
adrenal thmaes 1 v fie s we e anare totall wwknown exept for the
angle e eited by £ akens @ an o hach the 8 eclls <hon el marked degranuly
tin {early hvdropie degenerats n¥) but had normdappoinng meda Tt
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trl facton (see als) Thinkle ol " d € h ipter 26)  Lhe enlargement and
other changes i the adrenal corte recently descrbed m the course of
alloxan diabetes ¢ -re perhaps to he regarded s nonspecific effects of
stress due either to tovie effects of the allovan or to the disbetic state
tself  Infict m am discussion of the role of the adrenals i human dit
betes the posstbility must be kept in mnd that any changes encountered
m the adrenals (such 1 thosc of Russt ind Blumenthal ©mentioned above)
may posabl represent the nonspecific revponse of the orgamsm to the
stress of the disease state rather than haying any primars etiological signs
ficance

The rare concurrence of dinbetes and Addison s disease 82 15 of mterest
Usually the former has preceded the latter, <nd mn some cases amelioration
of the dibetes has been observed with the onset of adrenal cortical i
sufficiency thus presumabls reproducing the animal experiments mentioned
above Balfour and Sprigue'’ describe two such cases In one when the
Addison s disease was treated only with desoxy corticosterone acetate the
concentration of blood sugar decreased during fasting the gls cosuria and
hetonurin were of onhy moderate intensits  However when the Addions
disease was treated with 11-dehsdrocorticosterone (compound 4) or 17
Indroxy dehn drocorticosterone (compound L) the diabetes was greatly m
tensified and sesere hetosis deseloped  Another interestng human ex
perument  was performed by Green ef al 28 who removed m tvo stages

not less than 98 per cent of all adrenal tissue mn a twenty nie year-old
diabetic with severe hypertenston  The prtient had been diabetie since
the age of six  Before operation the daily msuhn requirement was 70 o
85 units and the blood pressure w1s 200/140 Sty weehs after operation
when the pitient was being mamt uned on 15 cc of cortten] extract dailv
the wulin requirement was 25 units and the blood pressure w1s normal

Hinerman®® has mide the interesting obsersation that the rslands of
I wgerhans are umformh v perplastic m eaes of Addison s disease and
that while all cell types appeir mcrensed the a cells show the grettest
increwe  Himerm w explans this hyperplast as due to the removal of an
mhbitory mfluence normalls exerted m the presence of 1drenl cortical
hormones  We have heen able to confirm his findings 1n a few cwes but
frel thit the explanation 15 by no means clexr wnd may be 3 nonspecific
effect such as the a cell hyperphsit which Fermer® obt uned bs repeated
njecttons of meuln 1 the guiney pig I fune-

TRecentls evidence has been brought forw ird that adrenal cortical

s be dimimished 1n dibetes  Walson efal * :;i\de(;ile\ll]:‘e(;‘:c

effects in 3
habituated
st

tion mu actuall
strated that patients with Addison s disease respond with may
<vmptoms to 2 dose of cortisone which would hate mmmal
They suggest that the Addonian patient tx
1 1 compensatory protection Agat
no mews all prients with
they may

norm il person
to a relitive wslet cell msuffictency
Thev 1l o pomt out that by

Iy pogls cemi1
n function haye manifest diabetes although

adrenocortical by per!
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15 obvious th it panereatic biopsies adequatel fived and stuned in evesof
this type would be of extraordmary mterest

In the present sertes we have encountered 3 ¢ases of phenchromocyt sma
Unfartunatels a0l were discovered unexpectedly at wutopsy « tisnt
known whether the dinbetes could have been reversed by extirpating the
tumors  All were males wround sixty vears of age and all had had dr etes
for at least six vears  In no ease w 1s the presence of the turor suspected
dmealls  Two died m postoper itnve shock probably becau e of the pres
ence of the tumor the « peration hay ing been done for an unrlated condt
tion One was an merdenta} finding at autopss  No sigmificant changes
were found m the pinerens of any of the three

Suvers et al * have made the mteresting obsers ition that remnal of
the adrenal medullas from g strun of vits with hereditary dibetes resulted
in & norm1l tolerince to injected glicose while wdmustraton of epr
nephrine to the demedullited ammals would agin give a ditbetic tipe
of glucose tolerance curve
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<ugar free She died of nephnts three verrs Jter and at autopsy the
thyrod <hosed & marhed strumitis with almost complete destruction of
the alseolt The hewd of the pancreis was machedks fhrased 1 the body
of the pancrers mm of the sbands nore baportrophied some raaching
three or four times the normal sz

Ansther istrnctn e e s aated Iy Walders Thes wors 5 b who de-
vefoped dighetes when fifteen months «f iz Tor soomonths he was kept
an 2 furh pgid dhet and then this w oo semenhat red vead wathont am o=
dence of gheosurin A diagnass of by potiivrodim « o made when b
was three vewrs of age and with the mstitntion of thecond feeding tutense
wheasuna and aodoss develpud The thy rod adimnstratem was thea
discontunnd angd the tolerance morcsed When seen by Walder he won
sesen years of age snd shosed trpesd pvende mvsedes s Fheongdy ol
nunntration of thyroud the metibohe rite was gradualhy rased to ~ 10 d
At that pomt suger appe wred e the unne A marh as 20 prany per d iy
wire exereted  Although the child guned m worht and strength ~ugr
wxs present in the urme on & diet wath 2 glucose equa tlent of 6 grams
and 10 units of insuhn duh Balfour andt Sprague? give soverd cuse fus
tories dustriting the effect of heper- and hspothrordisn o didhe tes
inchiling one voung mn who undersent 4 total thyvrodectomny i order
¥ Mot more tract ble (Pl resudt w s mdeed aecom
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Chapter 17
OTHER ENDOCRINE GLANDS

THYROID

Since the presence of Inperglicomin md glveosurr m ces of Inper
thyroidism 1 not rire there 1s naturally 2 tendency to connect the diser e
with diabetes  Tohn! pomted out that there 1 no definte relation hip te-
tween the severits of hy perthy roidisin or the heght of the basil metabth m
and the degree of hyperglicemin 1t 1 nattral to assume  therefore thit
this 1s not due to the action of the thyrord itself but 15 due to a deficrenct
in msulm formation which 1s brought to hight by the stran of s perthy
roxhism

This conclusion seems to be supported by the expenimental productyn
of diabetes by thyrord extrict m ammals alreads partialh pncreatec:
tomized (see Chipter 2)

Holst” found i 10 antopsted ¢ 1es of dizbetes 1woutted with hvperths
roudism tht there w15 no change m the pancreas m 4 m b ctses howover
the pancres w s small and an 4 of these the number of the istinds of I 1n
gerhans was diummshed It 15 smportant in this connection to heep In
mimnd the great difficulties faicmg am estimate of the number of tslands
present 1n the human panereas and the wide range 1n number of ishnds
hnown to be present normally? (sce Chapter 3)

Various degeneratine changes m the 1slands particul irh necrosis oF
round-cell mfiltration have been reported It 15 posstble to e how Iy
droptc change of the msulir epithelim mght be preent through long
contiued functionl strun and possibly fibrosts may eventn b devel P
in the 15! mds

Towever other chnges are very difficult to ssocrite e huneldan
opportumtt to study the pancre s of cever Al Cases (Fsevere nd long wln
tinued hyperths roudism when the trwite was ohtuned ser fresh “h;‘l\?
pancreas of these cises there was no change demonstrible  Garrod £ hios
ever mentioned the occurrence of atrophic lesions of the pancre1s m certud
cases of evophthalmic goiter

Some evidence has been prodm‘!ed for t}; e
the 1slands 1n ¢ 1s¢s of bt pothy roudesm or after thyr
most interesting chutel Ie\ idences of this reltionship s the t:]nc c‘l{)l:l ]*:‘
Rohdenburg ® m which a woman aged thirty vears was foun: ‘\:'hmihr
cosurtc and 1n spite of treatment could not be made sugr free B berame
was forts vews of age the menopause hegin and after this sht

(200)

¢ occurrence of n pertropht of
owdectomy  One of the
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In the female varying degrees of atropht of the ovaries and uterus may
oceur lyrgels proportional to the duration nd seventy of the dnbetes
Mt of the reports are in the older Jiteenture of the pre msulin er1 In
tuo-thirds of hraus cases the oy iries were simall hdf or less the size of
those of normal women  The desdoprnent o fcllicles may b nterfered
with 2 This may be a direct effect of the dise e ¢n the ovarny critmn
e exarted through the pitiitary  Lhe former 1 mere by The altery
tions ate not specific for dibetes

Berans # ascribed the ranty of pregranay in dibictie women first to the
regressive ov irian changes leading to amenorrhea and sterhity and secomd
to the hindrance to conception offered by the Citerh of vulva and v 1gina
so often present  In contrast with the past rints of pregn ey in diabetes
a T1rge scries of suceessful pregnanctes has beun repe rted In White ¥
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twn Post-mortem exuminition showed chronte thy rorditis earonars sclen-
s and an 8Ggrim pinerens math vome large 1stands and some showing
moderate by \imzation

In the present series we have been able to «tudy 8 antopsied 2ises of
dirbetes asouated with by perthvrodism — As can be seen from Table %
the ges range from twents-nine to sicts -seven years

Therc 1s absolutels no charactenistie picture m the pancreas In fact
the plnds were negative m all except 2 c1ses where their number %as 2p-
parenth somewhat decre 1sed and they showed var ng degrees of fibrosn
Ihe cuse of detth m one of the cises was caranoma of the pancreas
but mamy of the 1slands persisted uninjured in the midst of the caremoma
tous tissue

Total ablation of the normal thy roid has not been worth whyle as a means
of controlling diabetes although sugar tolerince does merease 7*

Hyperthyroidism  even of long standing produces no lesion m the pan
cress and conversely no charictenstic lesion of the thyrod 1s found n
diabetes  (We have not been com mnced that the changes mentioned by
1 abbe and Petresco® are significint ) Changes m the Golgr apparatus and
mutochondri of the thvroid possibly ndicating b pofuncton hwe been
described m alloxan diabetes in the rat 10

PARATHYROID

o conatstent abnormabits of the prrithyrowd glands has heen found m
these dithetie patients
PINEAL GLAND

\o ahrormabts of the pineal giand has been encountered

THYMUS

In this series no thumie abnormalits his been noted  Magor bas e:;
countered 2 ¢nses of apparent thy mic enlargement  One of these pas & ZI;
aged eleven vews dving m coma " The thvmus wetghed 50 grms the
Ivmph nodes were enlirged and the pmcretie 1shtnds were fes

GONADS

he steriity formerly noted m male diabeties 13
ary to the malnutritron and frequent toveratas and attachs of aclréﬂil: :{;
the pooris treated or untreated diabetic Ve hase noted no L}lnng;“:mem
cessatton of spermatofenesss and some merense in thickness o !hIe e
smembrwe of the tubules  The mterstittal cells are unaffected "Ir ;m -
quitcdy treated dinbetic pitient there 15 o apptrent alteration

i il probabshts secon 1

s preture
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1slands present in different portions by the rough comparison of those
countered 1 usual routine microscopic sections  On this basts 12 cases
' ) v ' vk o ok

lative insufficience of wnsular tissue becomes actual as the shght factor of
fets 15 reduced by 10jury from mnfection and other causes

Tasir 30 —FAvar Canea (r Dranetes Unorr Firtees YEAR9 (F AcE a7 Overr
Part A ~Deaths Preor o January 1 1830

Ageat
death terion
aeNe  Sexr  gre  Duratun  Cause fdeath  Talands of Langerhans  acleroe «
™ q 15 34n0n Coma -
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hydrop e change
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22-3 7 29 ’ Coma broncho- Hydrop ¢ chn ge Yk =
poeumor not o 1 relel
" 249 G $8 11 Coma otts  Pyknotie rurles
med 8
27 100 o 1 2wk Coma L;;n, hoest ¢ infiltrats a
1+
w 27° Q 58 19y Coma tranclo- Few
pnrumon a
K Q 6 0 win  Coma Fen -
0 a & 1ty Acalent frae Hybertrophy ¢ cobra
tured skall ty
tarr ow e ‘ 6 wkn  Coms ysmptocytt u filteat -
hy trop e cf ange
543 ¢ 1 M Sept cen 1a
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MO ] 12 4y Coma wore +
throat
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22 73 EaT Twk  Coma 51 ght fibrow « +
1801 g 15 16ym Coma 13mphoryt csnfltrats n
2 141 3 135 1'mo  Coma Few -
125 Q 15 8 mos  Comn
21 10 q s oma Tew -
M98 g 16 53y Coms ) ght b +
nswe ¢ 0w + Coma Slght bros a * hydrogse 4
change
fart B Deaths froms January § 1990 th Neptember 1 118
torat
death  Durat on Artero
Careho A ym wre Casee of doh  falande of Langerhans  acleroe o
1240 g R 43 Insul nreaction M
E T B L 12 s +
me. &1 8~ Tutmonary 1 Few 54 +
berculoss
U .
monla coma
uss ¢ 18 49 Insulnreacton Few +
088 9 7 2 Acute glomers- n+ +
Lar nep rita
e ¢ o Hl Men amtis, +
.

cean
M = infurmation B wing



Chapter 18

THE PATHOLOGY O DIABETLS IN CHILDRFM

IN cluldren lone may we hope to find pure drbetic lesions uncompheater
by am of the degenerative pracesses of age  Anv changes which we fin
m the pancreas m children 1t 13 furls safe to snv are definitely assoentes
with the diabetic process  For this reason 1t 15 discouraging 2t lesst fron
the standpoint of pathologs that many of the pancreases 1n dinbetic chd
dren fail to show am definite pathological change

Of the 22 fatal c1ses up to 1930 reported m Table 3b but 4 hnd beer
treated with msulin for any length of time A few of the others recened
msulin when alreads mn termmal coma they were first seen by a physician
Of the 4 c1ses treated for amy Jength of tume with insulin one was hilled bt
an automobile 2 were treated in the dawn of insubm therapy nnd one &
negro gitl was treated for srx months before death from coma precypitated
by a severe sore throat the duration of the dibetes being four years so far
as hnown

The cause of death in the dinbetes of childhood 1 this first series w23
coma  Tn 5 cises coma was accompanted by mfection sufficenths seyere to
be recognized 1t post mortem

In the second series largely drrwn from msuli treated e1scs mfection
1s the important factor

In the third sertes while nfection 1s still important the Jonger period
of surs v al causes cardine and renal diserse espeerally the Intter to emeTge
as the mayor factors {see also Chapters 12 and 19)

It 15 noteworthy that among the 25 fatal cases «ince Januan 1 1970‘
only tno have died n coma  The increasing age at death of these cnldhood
cases 13als0 of tnterest in reltion to the effectuy eness of modern treatment

While the pancreas s noted as small 1 many cases this observation :‘
uncerttin  The stze of the pancreas is far from constant even Mr}?{‘l
persons and the temptation 15 to regard as sigmificant an organ shgl ’“)
smaller than normal paying no attention to those i the seres that
slightls exceed normal

Terbruggen ! however was
1n lus quvenile diabetie group

Quantitatine studies of the amount of msulw
human pancreas are not 1 et feastble as routine proc
1n the “I:u of enumerating the 1s1tnds of the pancreas are trcmcndmlsfr(:":
Chapter 3) and m none of this sertes has it been attempted  Hcwen ‘:mbﬂ‘
« number of sections 1t 1s possible to gan some 1 fea of thesannus ol

(210)

impressed by the small size of the panere®

maternl present i the
edures The difficulties
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PATHOLOGY OF DIABETES IN CHILDRFA

Port  —Deaths from September [ 1937 1> Seplember 7 19,8

Ageat
dath  Dirati n
Casc Yo Ser e yre Cauwse fd ath  [alanis of Langerh
43175 g HMmo dicov  Undetermined  Lymphoeytsc infiltra
Hdyy Iyknotie nu fer &
H4+ few
50 @ 7 25 Undetermmed  IHydropie df ar ge
los6r1 ¢ 14 10 Audoss and
coma
30920 o 15 15 Lome * hydrapic change
mimshed 1n numbe
63525 o 16 55 Menmgitis ew
88701 @ 22 15 Renal insuf S+ 4+
ficiency
43829 9 23 17 Pulmonars tu H4 Tew small
borculosis
) g 25 5 Oberatinesh ok Tew small
{pyclonep )
i)
o, 9 E] " Renal il Low smill
tiency
MU g j:ad 145 Nenalrsuffi  Hydropie of ange Tew
Ciency result-
ing from 1 yo
lonephritiy
707 ¢ 21 164 Undetermined
74831 e 30 21 Undetermimed
80901 e 10 18 Cardiae infarct  Abundant
101277 @ 30 23 Rena snsaf Tew pmal)
erency
o689l o 12 2 Myoeardial Hydropie change  5-
1nfarction dimimished 1 numbe
g (s7ar8 12 20 Putmonary S+ d mmphed m
£4{ em number
ooy Ed i3} 23 Cetebyral embo
hsm (eardiar)
er2r @ H 18 Renal ol .
eieney

Moore s* cast 1> of gret mnterest A thirteen vewr-old giel, wl
botes was of s1¥ vears durition with but httle effort at cont.ml.

In a case of a soung wan made avathible by De 1D » puw
onh were definste plands and €xen stars suggesting 3 inds absent, b
of the arterioles showed an extriordury degree of hyahne thie
Spectal stams were unsatisfactory, but sugge sted the pre<ence ulf :.r;n::
cells  Dribetes hd heon present for sicteen v and comu ml(
five tumes  TIc died 1t the age of tnnts-mne veurs from mﬂ;(z):l:"ﬂ
nephritis and bronchopreumonn The Inver wis vers hirge ”m"‘
with a total fater acid content of 323 pr vent, withm norma |w
sulm asss of the pncress bt De G T Evans shm\;d m::ris -
though the sme methed had demonstrated msulin in the pu

cases of diibetes
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degereutam ard that 1 per cent of the patients exhibited hvperten.nn
ard albt orvuna At the time (f the earhest retinal hemorthage

Mann Gandrer and Root * deerthed a disturbingh b h werdinee of
wtereipilbin ehunerul nekrous avoctsted witha nephrctie <o frome
m voung diabeties «f fong durition  Tn a <enies of sixteen fatal cases of
renal diere comphesting dubetes the average age at onset ¢f dibetes
wastwehie the nverag durition of diabetes at fint signs of rentl duease
wis12vers the averze duration of diabetes at death was nineteen year
and the ez oz ot death wos thirty tue vean

White and Wa kow®™ neported evidence of vascular dietse m §2 per
cent of 200 dibetis sunnung twents vears of the deese  Chute !
Advms ! wd Ro-enbu ch® have commented on the ippafhngh high wmer
dence of visculir dumage m i enile diabetics between the fifteenth and
twentieth vears of the diserse

As mar be seen by compiring Table 36 ibove with Table 37 in the next
chapter and 1~ emphs 1zed el enhere there 15 @ stnling preponderince
of ren1l and retinal lewons te v culir diset e affecting chiefly the capt!
laries in tho e patients nho e dirbetes begins i chdhood  In fict efforts
directed toward preventing these degenemtne complicitions con utute
one of the m1jor therpeutic problems m the field of ditbetes today #%

Constderible varmtion m opinton eusts as to the mport ince of stnct
contro! of the ditbetes 1 preventing these 11 culir comphication On the
one hand there are tho e who dvocite a4 furk g ] control wath diet a5
well 15 msulin wming at as clo e reguliton of the di ease 1 po tble > *
beliesing that In pergh cermn 1> harinful ** - Jackson and lus group-* have
been expectally emphtic m halding that good contro! of the oung dhabetse
1~ both desirable and possible Wil on Root and Marble *7 reporting ot
2 group of 247 patients whose ditbetes began between the ages of eghteent
months 1o thirty years wnd h1d been m eustence from ten to thurty four
vews have brought forth evidence sugge ting that pocr control Teads to 1
Iuzher edence of vasculr calerfication and retmal levons than found
i prtints under good or excellent control Sinnlar cunclu 1ons wert
teached by Root S len and Zaner® Howcser avnoted «f ewhere st
A depressang fact that Wil on ef ol *7 were wble to place onky 7 of 247
tientsmn their exeellent contedd groupand 30mthe good (-nmn‘lﬂ‘“)‘)
Ou the other hnd 15 the school which hol  that a fiberal pegunen sith
more or less constant kpergh cemn md 1 byt nithadaly ¢

of meulin 1 more tenefical from the A ad soenl pe
' boamatd s predi pose ta
1t severt m

soung bn

dutetis (See m>y
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THL PATHOLOGY or DIABIJTLS IN CASEs
Uy ToNx

) Loxg T
nterest gy, e f diabeteq Which hq,

€ Succegsfylf,
‘T;‘:ll)sl:‘d X 1se- Mumber of eary s s Ties of 8,9 cases of
. ﬁ{e €S Which can Ortey) ramm'(tmn 1570 ber cent Were
on o Nirast ¢ the 30p €565 of the firgy
(::htmn i whie), h 23 Dey W lneq SGift Ty etrs gy the dis
iy the; More 4} 7 Clses of 4, Aty years or Dinger
Urtyg, 26 Prssed gha tuent five Y gy before they died

e, t dered n theye Cases (1) he I

Uritioy of bet Eiven fuly for the dey clupmento{mtholﬂ’

g for
< lesiong Second 1y 01t ang (2) there hag been ample “Pportunyts, £,
the dt‘Renentne Processes op age to COmplioase the dibete Portion of ¢p,

ure

The ge Of longags duragg, 12 this sepyeg 5No 5171 , Mmle nped sey ents
POUS yhoen diabege, had ey eloped g9 2)ears before death . imme.
diate Cause of death S an acyte Pleurtg acmmpamed ) Sagye Tespiry
tory SV mptoms He o4 welf DOUnshed And well gy eloped e P
creqs “eighed 50 Tams . islandg Were normay ), imber apng showed
Moderqs, Malpe change d shehs fibrog There “as marf et fitty gt
tration of the RS TN and Mrkeq nterlobyfay and nteraeynqy gy Tosts
with SCattered smajf retention ¢ gp IS80Cated e the dyces The heart
Meighed 500 Brms g, B pery, Ophy berpg chiefly of the Jort Yentricle

f ‘elitrele ang Mmarhed M ocirdn}

Bbrosis he Coronqpy Artertes yopo tortyoys shon g BUmerous ytherg.
Matoyg Phgues d e Markedy, calefieq The Iner y 8 essentialh
negatyy o Tl "8 2 Iapge cholesterol Stone ), the gant bladder The

Te 3 2
1dney sy ere of moderyte Size and bath shoned moder)te degree of vascu
sy,

lar SCUTIBE v eh Some selerggyg of the ATge \ essely A0rta showed ey

Teme atherg, Uons g, €T ton v cification here way
10 gngre, I other 4, rd: IS case ¢ 2betre lesions seen were
relatyy oy Onspicyoyg Pred vy, th, NS which ye may be
Justified ), sldermg 5 5 d; T105¢],

1
fother ¢150 «f33 7 years duratiop 2 "omap aged exphyy four veary
izhed 138

h
died from, COTonqpy thrombog,g e % ey
had " 2Mmputateq at my thigh The Paneregs

normat umber 4, showeg & Modergge degree of
TOS13 Thera Wwas g Moderate degree of nteracing, fibrogg aswell Tpe
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bert was moderttely enlarged weghing #H40 grawms and showed prrket
msocardial fibrowts as well ns a healed infarct  No fresh infrree had de-
veloped from the th ¥ aning to an liil s of e he
cortnanes were marhedls atheromatous and cudafied and the left was
thrombosed  The Iner werghing HO0 grams was negitne  The hudness
were shghtly contracted and show ed a moderate degree of vasendir scasning
The aorta showed mirked atheromatons change with calofication  The
left leg hd been amputated for gangrene  There nere mam gall stones of
the chelestervl type accomprnted by n moderate degree of chromie cheles
cvstitts  The eves showed bulateral catarcts  In this crve Just as i the
ather while the pancreas showed clerr-cut patholopy 1 considerable mum
her of apparenth normal ishinds nere present

1t <pe ks well for the treatment of the preseat dav that several of thest
cases have outlinved their anemal expectanctes of Ide feom the age at which
they first ddeveloped dibites

However v and large dinhetres do not buve a normml Ife expectancy
Millard and Root* presont an anafvas of 110 eases condhuding that the
average hle expectancy fulfilled by these patients was onby 44 per cent
of norma)

The causes of de 1th in these eases differ strihanghy from thos of Nanmn?
m pre-msulin divs over half of whose cases died of coma or tuberenfosiy
{oma as v eause of death was noted i onls 1 of the present group f 157
casey aud 1 of thew occtered m the davs befere insulm In 3 of these
cases the nlwnds werc noted as few  The oecurrence of definrte pancreati
Trsions i mans of these mild cases of long, duration and the relatie absene
of thest Yeatans m the wiere ¢ ies of Suort durwon in the chtidren 15 Just
the revarse of wht might he expected 1 attempting to corncl ite pathologs
and avmptomatalogy A glaee at Table 37 ows that onehalf of the
erees showed some digree of bualmzation e fibrows of the wdands  Three
showeed evduens of hypestrophy of the whinds 22 showed few whands
atd 3 showed probible B dropse change

Over one-fourth the caves showed no demotstrable pancrestic pathology
with the usirl routine stams

Moot atnbing of all 19 the cxtmondimins ma fenee of atherowlernis
epeonifly of the coronan arteries nen cavse of desth  The tudy of (hin
wn oted m Chapter 33 showed onh about 4 per eent of deaths i a bige
AUOPW wrres to be directly attmbutable 4 coromin sdervas I the
table above fullh 43 per cont of deaths are directhy avenhal le to coronany
atheroscleroas and most of the others of courve b1 stherosclenas
though it was not bnted as the chuef can~ of death  Vasenlar diean and
wfection togcther nevount fi 85 por cent of the afeaths emphasizmg 0 a

wost strikang manner the tuo mager problcms in the masageinent of din
betes.
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225 HEMOCHPOV \TOSIS

At 3 N v

except that the course s more rid and thit mwbn resstance mas e 1
promment feyture  Here then we huve i adenl mens of study ing diahetes
with 2 known etwlogy and 1 fairh rapud coure

Bronze diabetes w18 first desentbied clearh by Hanot? 1he bronzing
of the Jun 1+ of course not 4 necessary concomt int of the ditbetie s
drome for 1t Jargels depends on how much of the won hs been depostted
i the shin - There 1s not onh deposition of 1ron 1 the <kin but there 1>
15 well an mere e of the melamn i th sk crastng still further pigmente
tion %

Hanot! felt tht the diabetes was the underlvng factor i the conditicn
However Opie’ pomnted out that the ¢ bronse diabetes of Hanot 15 identt
«al with the hemochr of von Recklinghausen ¢ Two pigments are
uisolted the one m which 1ron can be demonstrated hemosiderm and the
other in which iron cannot be demonstrated hemofusem Mallors belres ed
that hemosidern w1y the product of the mtracellulwr digestion of hemo-
fusern wd tht both werc dernved from the hlood pigment

More recenths there 15 a tendeney to doubt that hemofusem 1s derned
from the bre thdown of hremoglobin and to consider it s identical with the

wear wd tear  pigment of the older pithologists and as possibhy related
tomelann * It seems probable thut sey eral different pigments are desersbed
n the Literature under the name of hemofusein  As indicated by Sheldon®
wnd the Gillmans *° st uning methods may he mportant

It 1 onhy 1 the most 1dvanced eases as ¢ rule that hemochromatoss
produces ditbetes  Usually death occurs from hepatic insufficiency before
this event or the pattent dies from some mtercurrent mfection  Of 10 cases
of hemochromatosts autopsied m VMallort s l1boretory none showed sugar
m the yrme though they were well developed cases of the disense  The
frequent associition of exposure to copper with these cases led Mallor to
belies e tht 1t nmght he an etiologieal factor and 1mmal feeding experiments
enabled him to produce through the admmisteation of small amounts of
copper aver a long period of tune lesions vers stmilar to those of hemo
chromntosss  Other workers haweser hive not been able to confirm
Aallory s obsersations nd Sheldon * after a carcful entical amalyeis con
cluded that there 15 msufficient exidence to incruminate copper .

At present the etiologn must be still regarded as sub judice 'l;h\"“‘““
 strong possthilits that the diserse 15 due to a defect m ron metbo 1?[ ;
especnliv wmce 1ron retention has been demonstrated in some r'ﬁ?*) a2
Sheldon ® 1n an exhanstive surven of the literature and t closel rr\}:( “m-
analiss concluded after elumpating \ arous other by potheses th';’t , ?x‘;
chromatosis should be considered as due to an “mborn error of metabol h“b
a thearn given support bh the eceisional oceurrence of the d;umel 1‘:' o
\ings (see alvo Rogers ?) According to this point of view the storg
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Tunch ef al using rado ety e yon f und 11 a e1se  f hemochromatos
that the rite of utioation of ridiomron was profoundh depres.ed tut at
the same time there was nothmg fundamentally wrong with en throc te
production  They conclude (s sth additiona ey wdence from anmal expen
ments) that radiowron to some extent measures tisste iron stores and thit
the utthzation of 1t 1> un erseh proportional to the size of these wron stores
I this be true the method should prose of great v alue 1n the chnieal dig.
nosis of hemochromatosts

Note inter
¢ 97 —~Hemachromatons  Modetate p gmentat on of pancreas
F ac nar fibrasts also praetieslly normal island 1 center

Alper et @ W report shat of & total dose of 3¥ mg of ra howon ,;-/:)n
orally to a hemochromttotic patient about 60 per cent w1s n;l;m d
The impertance 1if am of ferntin® m the metabolie disturbance of “emoi
chromatosts 13 vet to be settled  This substance which 11 ;lfp:;]rend:n"
great mmportance i the transport and storage of 1o 18 held to be 1
T 4k tho hen ¢ ¢ vasadenressar substance (V D) of Shorr ¢ .

us

hetes simple portal cirthosis ot the wrel U .
g:\’c‘lﬂudn‘l’s that fhertn!::ée last mentioned dsenses all are mterrelated They

suggest that 1n hemochromatos:s the sequence of events may be as follows
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mal fetentioy o 0N deryy o both €Y0genoys}, and endogenousl\ This
theory whicl based op, Seseral ragher tenuoyg ASsumptiogg Stll leay pg
the defe ¢ m irop Wetabolygy, nexplamed

Onever thy, Unecrtyng, as ty theprmmn Ctiology 4, nO gy Interferes,
with the Value of henmdnmmat SIS thrgy, g hght o, the plthu;:enesu
5 In the brst phice s of

Breit Mportance %lmumg that

Langertyp,

'atoss  py, B Digmeny deposition M blang o
s euge ORI tg the Presence

Fie 7]
No ap- Aluly maf Alntes hog ooy developeg n 1]
sl gy

of Many Pigmeny frec

Perfecy)y 4, Preal diabetes €“n he Produced 4, v defimtep, hnown clinieqt
Rty y g B8 knoy g Nt to he 4 effect of the diibegyo Process by o
Produce 1y Oftover g, de\elapmvnt of the Dibete, 2Dparentl,
h trect]y relted ¢, the extent of the i, o]\cment of the shands of Lnngcr
2ns

e
Was g Moderate Noyng of Pigmentag; oy, of the Pinereas o ertheless 4,
€21 be seer, from y '8U 97 there I Practically p, 1nvols emeny of the 4.



232 HENOCHIROV ATOSIS

lands Mam pornal 1 nds were seen seattered threughout the secton
In vontsast to the e Fagure 9, and Fuigure % both from t ¢ o of hemo-
chromatcsts with hemvy panere wie insoh ement and nith the development
of diabetes

Another case that of 2 man aged fifts two vewrs was of mterest oumg
to hus tremendous mshn resstmce and wll be described n deful m
Chapter 21

OFf the 811 p mere tses examined m this serses 19 shoned marked changes
charutiristie of hemachromeatoss wnd gave the cimaf sumptoms of di
hetes

The Cwes are summarized m 1 ble 38

In one case of hemochromatoss without s ibetes we found m the prtot
twny gland 1 moderite tmount of prgmentation  In tno additionsl tases
with dinbetes pigmentation nas furh marked  In three of the recent
crses pigmentation bns heen remarkabh widesprerd m 1 araus tissues
throughout the hady

TABLE 38 —~ HEM0CHROM sTONI

Duraton D ration
Femothro-  diabetes  Liver  Pancreas

malosss  melld s weight werght Shin
tase ho Sex  Age s gre grams  grome  antoleed
12271 Ed 59 4 11 2150 80 +
14910 Q 65 ? 3+ 2500 4% +
16348 o a1 1+ a1 2680 180 +
2153 s 8 H 04 2000 ormal +
21720 o 56 ? 22 1810 i
2680 Ed 2 ? 08 +
A22 11 @ 41 ? 03 Small % +
J 824 o 52 4 10 Lazge -
N 2018 Ed 53 ? [ B3 Small  Normal -
52490 Ed I 18 1560 5 +
62060 & 5 135 880 Sormal -
80745 < 53 a5 T3 210 85 +
86813 g 41 41 2280 % -
8566”7 3 42 8 50 1073 - -
10 <5 @ 8 Plyrfrom 80 2600 About +
hag to ime rormal
of deatt
030 o o e 20 M w0 +

¢ must be emphasized that the deposttion of pigmentation the pur
crens m he mochromatoss s by po me ms selective for the ihands but -
volies the icmar tosstes as well In other words 1t 15 not a specific but a
genesafized process and the evidence of panereatic snvolsement 1s only of
\lue from the standporat of the relatton of the diabetes to the panereas
rather than exrdence i favor of the insular hvpothesis tself

Vhatever cell 1s imohed the mechamim 13 practicaln the ame Ae-
cordmg 1o Mallory 7 hemofusery appears first then hemosidenin Others
doubt that there 15 1nt intetrelation hetween the mgments or the hemeo-
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fusemm 1o derned from hemoglobin At any rite both pgments wpper
Timilh the imount of pigment 15 sufficient to prevent hfe of the cell  When
necrosis oceurs some of the pigment s taken up by wandering cells some
by the stromal cells  The stroma condenses new pirenchymatous cells
are formed and new strom 13 Jud down only for the pracess to repeat
ateelf

1he hypothests here suggested thut the fibrosis 18 1 direct result of the
deposstion of the iron pigment 15 not held by Sheldon * who believes that
the two processes are mdependent or by Herbut ind Fam ki ** who pomt
out thit the onhv marhed fibrosis 1s found 10 liver spleen and pancreas
ather organs often showing heavy deposits of hemosiderin without fibrous
It 1s possible however that these differences are essentnlly quantitatine
depending on the total amount of ron pigment and the length of time over
which 1t 15 deposited 11 2 given organ

As Root and Warren™ have alreidh mentioned 1 hemochrom tosis
frequent evilences of attempts at regenerition can be seen consider thle
numbers of mtotic figures being found m the 1sind cells

Cast A17-8 anondnibetic from Dr Mallors s Ihborstors 1 of particul o
mterest n that there were n considerible number of pigment free as well
as pigmented 1tands 1nd 10 the former wlinds mitotie figures could oc-
casionally be found

Barker® presented 2 casc of much interest in that under tnsulin therapy
which was difficult because of the mirked blood sugir v arnations of the
pitient swinging easily mto kyvpoglicenn the cutaneous pigmentation
diminished

Tn a sertes of 30 e15¢s of hemochromatosis dignosed durmg life 1t the
Mavo Chnie 26 shawed dibetes

One of the most interesting (nd unexpl uned) fentures of hemochromato
<15 1s the high madence of prunary eareinem of the liver  If onc estimates
the occurrence by usig only the reports 1 the Iterature in which 3 or
more consecutrne cises of hemucliromatoss are described  one arrves at
the remrk by Tugh figure of 189 per cent for the madence of prmary
cranom of the lver m hemochremate 1" The reison for the mereascd
ncidence over that of ¢ ramom i simple portal eireliosts 18 unknown
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Chapter 21

THF PATHOLOGY OF INSULIN RESISTANT Casks

Frow the theoretical standpownt mnsulin resistant ctses rre of great
terest though therr rarity makes thewr practical importance shight Ac-
cording to Root ! & case cannot be considered as fafling in this group unless
%00 or more umits of msuln are needed per dvn This figure seems to be
generally accepted as an arbitrary defimtin Although onginalh based
on probably erronevus assumptions regarding the msubin output of the
normal panereas it has proved conyement m el practice The amount
of msulin required 1 some caves mav reach {antastic figures a3 hugh as
19 100 umits 1 sixteen hours ?

The phenomenon of msulm TESISLATICE 1S B CUNOUS bue W huch 13 often

lamed and many app data exst in the hterature
as 18 evident from ses eral recent reviens and summanses of the Iiterature * ¢
The relatn el small number of reported cases 1s probabh a yvery inaccurate
tndex of the meidence of the condition sinee mans «1ses are unreported ¢
In view of the theoretical umportance «f the phentmenon this prucity of
cases s unfortunate all the more so since Haunz? states that of o7 reported
cases onfy 8 have come to autopsy

An excellent review of the subject 1s grven by Smelo? who points out
that although the fundamental mechantsm of the hyporesj onsneness
usualh not hnown certam chinicn) entities are often associated with the
condition especially an aliergic sensitrs ity to insul n- an endocrinopathy
2 chrone infection or hepatic disease  The onhy clear cut mechamism of
wsuhn resistance hnown 13 the de elnpmem In SCme erses of antibodies to
wsulin - This mect has been v by Lerman’
and by Lowel} *9 and more recentls by herman ® Other suthors how
ever tend to mummize its mportance For mstance Axelrod efal *found
no evidence for an  wnsubin antagomst in thewr ises by exther e nitro <1
7 1110 metheds

On the brsts of a careful analysis of 54 ea es colleeted from the Fagh h
Iiterature Smelo® gues the following cl’\sslﬁcntl:m

" v

PR TIN)

veloped In Aupust 1927 on  diet of carbalvdrate 78 grams protein
W grams and fat 123 grams he excreted 40 to 90 grarms of ghucose m ¢
, 2y -

#

L
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urme daby md dighe 1ad was present although he w1s recavmg 100
umts of msulin duly In Scptanber, 1927, he went mto com and required
525 umits duls  Insulin was gradually mere sed watil Qctober 22 when be
was recening 890 umts per dwv - October 27, he was gven 1600 unity and
died m coms October 30, 1027, although he hid recened 1 680 umts of
msulin 1 the previous twenty -four hours

Tantr 19 —CLINICAT STATES ASSOCIATFD wrenr Hyrorrspoxayve HYrpret vor iy
{from Staclo?)

A Drstuption of the functional integrily and mnate el aracterists s of 1 f1wues
Hemorhromntoms
Recurrent jaundice with comman duet of struction
Multiple hepatic infarcts
1 Dysfunction of enzyme syatems
Tipoatrophy (lipadystrophy ) with | epitie etrrhows
Dufective hepatic gy cogencsss
€ Dy<function of hormonal or nersous #ystem v gulation
1 Insufficiency of insuln
: Delayedl at sarption
b

or nuutral
EaaY
' 1 twee
«
. '

L ' oo

‘

'
¢ Blood dyvserasias with 1n ulin il sion

Chirotse 1y mp hatic leukerma

2 bxeess of eontra insulin hormone
& Puutary byporfanction
b Arromcgaly
¢ Custang s &Y ndrome
4 Hemorrhape evat of mi ) rain
e Hspurt) yrordism
T Phea hromocy toma

D Pathologic states of ttiologic of concomtant sigatfiennce not | resent of hnwn

The essentid findmgs i the post mortem (v tion were a finely
graulirdirk Iner and the pancrens showed mirhed fibross and pomato
v Microscopic cammation s Qled deposits of hemofusein and herao-
siderns i tht groat oty of the organs nd very Lirge mnonnts the
tiver and w the pancreas There a3 very hittle pancreitie trssue present
mo t of 1t bung replaced by 1t and fibrous tisue  While 1l of the ¢
thelinl elements of the pincrets were pigmented there were & ven fows
1slands which were nearl normal  In the adrenals the cells of the 7ana
glomerulosa were etremeh heavihy mfittrated with the pygments  Pre-
oumabh but a very shght amount of functioning waulir tssue was preseat
in the pancrets 1nd the hiver was sers severchy damaged  There was suf
fierent Iner dimage to explun a very considirible degree of interference
with the gl cogen-toring function  Indeed hner dunage woukd appear
t0 be the only obvious explincton for the sl recognized wsulin rests

tance m hemochromatosis
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Another ewe while 1t iils short of the true mwhn resistant tipe s
nverthedess vers motructine 12433 a duibetic woman aged sty nime
vers hbheen wedatines mild case for thout ten vets A fow months
bl rcdoath there was v marked merease 1 nrabm requironent 50 to 100
wnits por dan bung neccssany At watops 4 farge e ranomn of the pn
crens was found which had destroved the buth of the glind  The Twt
3 am of the uf were vmmvolved and most of the 10nar nsse there had

F1e 9) ~Carrmoms of paneress  Very large wvul o regurement o 121 4
Femafe sged sixty nine vears  Duration of i) clos atern vears  F) ol otur getse
Bewd hematoxvhin stmin X 250

atrophiedd due 10 duet obstruction while the remnming islands had by per-
trophied  Although thewe islands roust have heen under considerible fune-
tonal stean thes showed no esidence of hndropie change  Dawadson and
Fddieman® also report o case assomated w1th earemoma of the pancreas
and present & thoughtful review of the hterature on wsubm rewstanee
These Cxses nre of mtarest m red ition to the pecuhar and unexplmned fact
thit exponmental ditbetes produced by partiad pncre dectomy 1 often
more severt than that preduced by tota) pancremtectom M1 One mn
of course speculate on the possble importtnce of 15 G factor produced
by o cella 1t the surs s wg part of the panereas  (Ser below and Chapter 26 )
oot notes that cases with shin levons mas e maubn ressstant anid sug,
Reats that there may be both an atiergic Detor and a problom of ¢ artw
.
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d
sl:x:e :i;:lgnee 4 g:: \:\ irthhmpsy specimens of skin from nondibetic per
lttle vamation n g1 ci ene cL:ur(e}s)) of Dr & M Greenwood show but
1ous prthologen mndl‘gmn ;an ent betw een normal shin and shin with var
an er myurv'* * 35 one of the most important cuses of this phenomenon
Whle Inser msufficiencs does not n itself produce diabetes 3t does pro-
foundly influence a coexistent diabetes The importance of the lner for
the prompt removal of sugar from the blood 1s well known and obyvioush
any marhed interference wath I er function would lead to lessened gh cogen
storage and so decrense the effectw eness of insulm 1n lowering blood sugir
In certmin of the nondiabetic cases of cardine decompens tion with fiver
damage and of currhosis of the Iner we have found a smafler 1mount of
ntracellular gl ecgen than that usually encountered  An wmstance of sud
den wsulin tesistance follow g thrombosis of the hepatic arters has been
reported by Pollack and Long 1

In marked contrist 18 = case of portal crrrhosis ated by Bordles * A
male aged forty mne vears was a severe diabetic for five vears and then
developed jwndice followed by enrhosis in April 1927 In December
1927 the diabetic svmptoms disappeared and in Apnl 1928 and in 1930
he showed no evidence of ditbetes mellitus

Interesting observations have been made by Jimmerman #f ol 7 (n
Iner biopstes taken from insulin resistant cases  VMam of these hue
shown large amounts of fat  The authors do not however regard the
fatty Iners as directhy responsible for the insulin but interpret
both the disbetes and the hepatic lesion as due to an unknown ciusatrne

cortex have long been

one c1se 1mproyement

s The experimental
diabetes induced m man by piturtars adrenotropic hormone 1 charactens
ticall msulin resistant ® Ingle 2 in an mportant revien of expenmental
work h s indicated some of the difficulties iy ols ed 1n amy attempt to studs
factors ffecting carbohndrate tolerance  Some of his rats treated with
adrenal cortieal steroids developed tremendous msulin resistance Insubn
resistance 15 charactensticalls present i the dibetes associted w 1th ad
senal tumors both cortical and medullary (Chapter 16)

The posaible importance of the insulyn nactny ating s stem (nsuima ¢}
descnibed by Mirsky et al ' 1n cases of msulin resistance cannot be evalu
ated asvet This presumed enzyme has been demonstrated 1 normal rat
fissues has been shown to he reduced by fasting and restored by re-feeding
more work 1s required to assay ts sigmificance

One of the peculiar features of insultn resistance 1s the common tendencs
to spontaneous recovers after a certan period of tune  About a third of
omelo 5 cases showed this phenomenon Tn the great majorits of cases
it et b attnbuted to any therpeutic procedure

but much
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The possibilits that the hspergh cemie gheogen htie ( HG ) facter
presumably produced by the o cells of the sdets of Langerbans wa play
4 major part in the prthogeness of msubn resnstance hes only recenth
recenved consideration m the terature  The possibihty 13 mentioned by
1incus™ but 1s elaborated particularh by Yerner * who theonizes that the
essential difference between wnsubn-sensitive and msulin resistant diabetes
f1es m a greater stimulation of @ cells n the Jatter by the diabetogenic factcr
of the pituttary which he calis the  alphacytotropie factor  (thus wsump-
tion being apparently based chiefh on the finding of Ham and Hast® that
the o eells may be partially degranulated m experimental pitwtany dia
betes) Such a hypothesis woull of course explam convemently the msubn
resistance of experimental dabetes and of the dinbetes assocnted with
acromegah also the otherwise puzeling finding that total pancredtectom
pro fuces a dizbetes requining less msufm than that produced by partind
pancreatectomn  Though based on little ax alable concrete evidence the
hypothesis 13 an attractive one and shoull stimulate much 1m estigation
w the future  Of interest in this connection 15 the observation that punfied
growth hormone abolishes the tnsuln b sy charsetenstie of
hypophs sectomized animals %
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HAPERINSTLINISM AND 1IIE PATHOLOGICAL
EFIECTS OF INSULIN ADMINISTR YTION

Mverrstueas ma be ather function il or orgame Bothy tapes e
diseussed 1 exeddlnt summancs of the subject of spont imeotts hypogh

follawang gstroenterostony m which cse the mechantan 1 ipp renth
caped  dumping  of sugar upon the absorbing surfices of the small intes
tne with 1 rapid and excessise rse m blood sugar followed by & preapitous
fall (due presummably to overstimulition of the 8 cclls)

Lhe functionl tvpes of s permsulntsm are of no direct mnport to the
pithologist except as regards possible search for hy perpl st of the shinds
Ihey are honever of great chnicdl interest <nce unnecessary surgie s
explorttions of the pancreas hive been ¢armied ont bec wise of « mtrhen
diignosts of adenom of the shnd+ 1 actors to be considered 1 the chme )
distinetion of the functionil and organic types the mterpretation of the
glucose tolermee test el wre discussed by Connt and by Marbk * On
the other hind Perhins etal 3 emphnsize the pricticd difbealties thit may
be encountered tn individual cases in making 1 definite dingno 11 Conn®
states that true functional bypermsvlmism s readils controlled by et
{high protem Jow cubolndrite) destpned to present the absorptine e
of blood sugar

Organic Kypennsultnusm ~ Lhe ¢ vve which guve the findd procf to the
wrpm of nsulin from the nlwds of Langethns that of Wikder Allm

ymportance to W rrnt presenting @ brief summary o1t
The cise was that of p man aged forty yeurs who hal hwl 4 gstro-
nterostoms 1 1919 and renal cohe n 1924 In Jantwrs 1925 the festing
Llood sugar was normil one spronmen of the ure was sugar free whil
others shoned traces of sugrr InOctober 1926 the pticut cumeto theMun
(hme complummg of attacks of funtness md weaknew for the pwt
These were accompued by profuse perspiripion and
trembimg  Thes wmally ¢ e on when me s were detsed or f untsual
exertron was undertahen  The pattent found that they could be preventa
by ewing between mexls  The first attach resuftsng m oedhipee wis m

(210}
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Nevember, 1925 The suntlanty of 1t to n imsubin rexction led to the diag-
nosis of spontaneous hypermsuhmsm  Fxplorstory operition was per-
formed December 4, the pncreswasfound to be large hard andnodular
and nodules were present in the nght fobe of the lner  The dingnows of
carunoma of the wlands of Tangerhans with metastusis to the Lver was
made OnJanuary 3 1927 de tth occrred appirenth from exbanstion The
ver was much epluged weghng 3 392 pramy There were fve nodules
n the lner tanging from 5 to 0 §em w druneter ‘The pancrew waghed
20 grams  The tal was thickened and enfarged wd scattered through 1t
were vellowish gray rounded nodules rngmg up to 1 3 em i divneter
In addition there was a wnall cyvst at the extreme tul of the pincreas
NMicro copie exunination showed the cells to be char wternstic of those of the
1)y as were the nodules m the hner  There nas @ very lurge amount
of ghveagen in the fner cells and in the convoluted tubules of the kidney
Anabyas of the hner shoned it to contamn & 2 per cent gheogen  Asvay of
the msulin content of the liver tissue showed that therd were approximately
40 umts of waulin for cach 100 grams of tumor tissue Tt 1 puenlianly
wtertsting that there nere Virge amounts of ghvoogen 1n the epthehum of
the comy oluted tubules of the kulness n this ¢ 1.e of Iy permsubinesm

Clo ks following this cise were the ises of Thilhuner and Murphv ¢
m which a inrge nodule of celts resembling those of the 1slands was found in
the pancreas apparently a low-grade ¢ remom s md of Mc( lenthan and
Notns” in which = large adenoma of sl wd-eli tvpe had given rve to hapo-
gh cemie svmptoms

The first ¢ of cure of such 1 kson was that of Howlwd ot al* A
marned womin m Septemher 1922 breame semicomaus and restless
with sweating and vomiting At the end of an hour she felt farhy welt
ugatn  Six of these attacks ocvurred up to 1924 when they e une mare
frequent and Insted longer occasionaily for twelve hours T ater on she
dreovered that « glass of nulk drunk at the firt sy of an attch might
ward it off  1he phasical findings were e« entially negitne  The blood
sugat duting one tach dropped to 0 04 per eent Tlos attack was prompt
Is rebiered by the sdmnastration of meray enous ghicose On Mlarch 15 1023
nperation was performed and an encap ulated nodule 15 em i diumeter
furly well demwcated found m the muddle of the pweros On micro-
“Copie exanun vhon the tumor w is dirgnosed 15 a carcinonss of the 1 finds
of Langerhans owing to the resembiwmee of the cells to the wland tape and
the prescnce of s ttered natatic figures  In plices the tumor eefls dircetly
myaded the surroundmg pincrest tisue  The postoperatine course was
uncventful and there b been bo recurrence of attachs anec operation
o evidence ¢ f meta £ was nated vt the time of operation *

The studies of O Leary and Womack® and Whipple and 1rantz”® have
done much to elinfy our knowledge of the land-cell tumors *

* The 1am el blustoms  bas bren proposed for these tunora by Lasflaw 1
#nl n=ulnoms by Cra nand Thom ™

16
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Frantz* pomnts out particularly the difficulty of distmguishing benign
from malignant tumors especially as regards encapsulation or the ek of
1t It s possible that mam of the ot w o - 1

About 20 e1ses of enrainoma of the rslets have been reported most of
them without satisfactory differential stains 15 The cell type m these
tumors 1s of course of great interest but im estigation has been hampered
by the Juck of adequate techmgues for stammg the speafic granules
Laidlan using Bensles s acid fuchsin methy ] green found a predomnance
of 4 cells n some cases  Duff and Murrny # revienmg the iterature
found that a  varving proportton of cells stamed hke normal 8 cells m
the few cases mn which satisfactory stams had been obtuned It 1s probable
that some of the newer methods such as the Gros-Schultze sils er staw and
Gomor s new aldehs de-fuchsin stain (see Appendrx) will be of great service
i the study of these tumors  In fact Hess' using the Gros-Schultze meth
od has alrendy reported an apparenth nonfunctioming earcinoma of the
1stets consisting largely of a cells

Terbruggen 19 using a shght modification of Bensles s acid fuch in
methy | green as well as the Gros-Schultze method has demonstrated a fe v
a cells m functional tumors consisting chiefls of 8 cells  Terbruggen calls
attention to the fact that 1f one assumes the total weight of 1slet tissue in
the normal pancreas to be about 1 gm  as suggested by Ogtlvies work
(see Chapter 2) then an adenema weighing onh 1 gm would approximately
double the nsulin producing tissue of the bods  He also made a erefu!
studv of the remawnmg pancreatic tissue m his cases and arrrved at the
imteresting conclusion that the ratio of a to 8 cells ws n the  dinbetic
range te from 1 2to1 3 Hultqust ® also noted a relatne increase m

silvet cells n unmyolied parts of the pancreas from cases of adenoma
with hypoghcemia This obseriation 1> perhaps to be correlate] with
Ferner s* expenimental worh on the gumne: prg 1 which he found a reduc-
tion n # cells and an merease 1 « cells following repeated mjections of
msulm  (See Chapter 2) This finding may Ithewise be related to the
common observation that & period of hypergls cemia lasting several davs
may follow the remoy al of an adenoma of the islands

nonfunctioning adenomas using the criten set up by oneofus (bWt s
the recogmition of an adenoma (resemblance 1n morphology and arrange-
wment of cells to those of normal 1slands encapsulation % ith compression of
adjacent pancreatic tissue and a diameter of at least I mm) \Imsn;{r
made the imteresting obsers atton that all the functioming tumors contam d
hyalme smlar to that seen m the wlands 1 some cases of drbetes an

she nonfunctioning ones did not (% 1th the po sible exception of three ques
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tionable cases)  1he hyalme was even found in the metastases in some of
the malignant tumors  The relation of this substance to amsloid 15 un-
known but Mersner rai es the question of whether 1t mav not be related
to the <ecretion of 1nsulin rather than representing a secondary  degen
critive  change

A remarkably extensive tabulation of no less than 398 recorded cases «f
tumors of the tslands 15 given by Howard ot al

While 1t 1 generally assumed that diffuse hvperplasia of the islands may
he a Cuse of hypertnsulimsm  we are not aware of any case 1n which a

letels convineing d of this mechamsm has been given

Sendrall and Bazex® cite two cases of biopsy of the panereas in which they
felt that they could demonstrate an merease of 8 cells nithout merese m
number and diameter of the 1slands  In such cases it nould seem that the
whole pancre1s must be studied ani that the considerations relating to
total m vlar mass cted 1n Chapter 3 should be taken into account  Rehef
of symptoms m 1 patient following subtotal pancreatectomy 15 of (ourse
1o reason for assuming the existence of hyperplasia  Careful differentral
counts of o and B cells correlated with estimations of total volume of the
shinds would however he of greut interest

PATHOLOGICAL EFFECTS OF INSULIN ADMINISTRATION

An abundant literiture? has grown up which de us thoroughly with the
wnsubin reaction md hypoghyeenna 4 wide ringe of s mptoms has been
reported even to transtent nttichs of henuplegin® Iittle homever 1v
known as to the demonstrable anatomtel changes

Tortunately there are but two deaths from oserdos ige of msulin m the
present series

Wohlwili ¢ h1s desenibed 2 f1tal enses m which the brain w1 examined
ofter desth  The first was a woman 2ged stxty two years whose ditbetes
had been present two years A breast abscess developed  Ior three davs
before death which eccurred in coma she hid recers ed 100 umts of msulin
dauly  Her urme w 1s sugar free and there was no adosns

The sectnd c1 e a diibetic aged twenty mne vears whose dt ease was
of one and une quarter vewrs duration was admuttel n com1  Insulin
to the unount «f 1353 units w 1 gven the fisst dvv 70 units the second and
90 the third when death occurred  The blood sugar dropped from 0 462
to 0003 per cent m twents four hours

Seetions of the brum i each ¢1se showed 1 mathed 1m thnd appe wanec
of the gliv cellk  The ginghon cells <howed degeneratrne changes with
pyhnotie rueles and loss of normal staning rexetion and m the first ca ¢
the axis evlinders nere mirkedly swollen and irregular

Cerebral changes have been reported 7in a case of & woman aged forty
mne vears whose dibetes had been present for five yews  The patient
experienced several msulin reactions after haiving been on protrmme
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msulmn four months  She was found m hvpogls cetmie coma and rematmed
comatose 1n spute of treatment unti] she died erght dass Inter At autopst
but little island tissue was found  The brun was edematous with extra
vasations of blood about the smlter vessels  Mueh cerebril irteriosclerosts
wAas prosent

Walfs ¥ case showed no edema of the brun but smnor Jows of eortical
cells wid mild ependvimtss Terplan®? noted 1w addition to mirhed edema
of the brain 1nd cord extreme capillars mjection and marked destruction
of nerve cells especiallv m the third and fifth lavers

B iher and Lufhm™®ascribe the ganghon <]l changes to post mortem alter
ations and emphasize numerous new and old hemorrhiges throughout the
bram shich they believe are most numerous i those patrents with the
most styvere convulsne seizures

Cerebril changes were apprent m Cue No 12420 an eight verr el
bov who died from bvpertmsulinesm He had b diabetes for four setr
Jdem s of the brun v 1s mirked even to the oxtent of sul ependym i) blebs
and vascular congestion was strihing - Case No 32878 atoy iged sisteen
vews sufferng from pulmomnary tuberculosts and diabetes of five vours
duration hid the misfortune to have whilewn tsnatorum 2 by pogh comie
attack nhich vas dragnosed s comn Frve hundred umts of imsulm had
been given before the mistake was recogmzcd and glucose w1s then gnen
in 2 vaun attempt to wert death  The hyer contuned much gheogen the
brun was edematous with capilry congestion and some loss of cerebral
cortcal cells

Lawrence et al * found extenstye nerve cell degeneration nd ghil pro-
Lferation i 6 fital cases
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Hicko found that n rats given Tage doses of mauhin the cercbral cortes
wd corpus stritum were damaged ~ometimes severels but the corpus
callosum  substintiy nigra and cerebelhum were never mmobied  The
neutons of the fasca dentaty as well 1 the pyramnd d Tuver of the hippo-
campus wire extensiels necrotiem ~everd ammedy - The thal s showed
rare necrotic lesions 1n some mstances There w15 no striet correlation of
dosige and brain damige but some of the most ~event Jesions followed
wingle houts of  poghcemry

Lic 100 —Bay five veats of agc  Duration of diabutes 18 veare  Note |ilutersl
atrophy of subeutancous thwue 1n regions nlcrc meutin tad been iy eted € cxeral
011 tion a1 t Autrtion go xl

Whik the changes ascribed to haypermsulinsm or better to extreme
hvpoghcemie arc not very dduracterstn there secms t1 be unple justr
heation in making the dingnosss of  changes compitihle with hs perinsul
finsm When combined wath these thert 1s defintte cimical (v idence of
hipermsubninm with chemical evidence of hypaglieemtr the diagnosis
may be definttels established  From histological findings alone such a
dignoss s ot Justifiable

However trunendous amounts of insulin may be given without app irent
Ul effect 1 ctrtun cises A strihing example 1s Joslm s Case No 6247
feported by Root  and ated in Chapter 21 as an example of mauhn ress
tanee mwhich 1 €S0ty duls fasled to presvent the deelopment of coma
and no changes referable to the msulin were found post mortem

Ocewonally Joeal changes arc noted 1n the <hm at the site «f mwaln
jections  In the first few months of msubin production punful nodules
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were riredy noted e the shin of mjected patients dev eloping soon after
mjection md persisting for some weeks  These were apparently due to the
tvpe of antiseptic then 1n use and are never seen 1t pre ent

Adlersberg™ has reported multiple shin nodufes considered to be hp m 1
developing in 1 gul tuenty years of age whe had been ngecting 1n uln
oI yews

Insubin Lypodystrophy —VLocalized atrophy of the subcutaneous fat 13
due to repeated injections of msulin in the same srez  Barborha®t and
Depisch! have reported several cases The depressed chiracter of the
lesions which range from 2 to 9 em in drameter and are about 1 cm m
depth and the absence of any evidence of mnflammation make their ap
pearance very charactenistic  Occastonally these focr may be pamful
Isaac® suggests 2 small amount of lipoly tic ferment may be mixed with the
nsulin o such mstances  This fails to explain most cases  Trauma to fat
1s the most hhely explanation Recovery may occur

1 he expertmental obseryvations of Renold ef of # may have some bearing
on this phenomenon  These v estigators found that insulin would 1n
crease the deposttion of gl cogen 10 fat cells to a sigmificrnth greater extent
in diabetic rats than in normal anmals and that insulin had a direct local
effect on the adipose tissue at the site of mjection ciusing the greatest
mcrease 1n glyeogen wn ths region

Hypersensitivity — Hypersensitieness to msulm was noted® * not m
frequently in the early jears of its use before the foreign protems had been
adequately removed These reactions usuilly took the torm of serum
ichness although an occastonal case of true anaphy laus has been reported
Insulin allergy was noted n 10 per cent of patients at the Vlavo Chine
Gastromtestinal hypersensitivity has been noted

The chimeal importance of hypersensitneness to msulin 15 extremely
f e v L

~e sy mptomatology
the patient For

While msulin hypoglycemta may have a damagng effect (p the heart
hunpered by coronary disease perhaps through & stimulation of adrenal
i3 b -3 aas
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Chapter 23
INFANTS OF DIABETIC MOTHERS

It has been hnown for many years that there 15 a high madence of
stillbarths and of neonatal deaths m the pregnancies of dirbetie nomen =
"This holds true for both the premsulin and insulin eras, although there has
been a strthing improvement in recent years The causes are obscure and
post-mortem examinttion of the mfants has done little to shed Iight on the
problem Certan nteresting findings may , however, be noted and recorded
particularly the resemblance of these infints to those suffering from eryth-
roblastosts fetals, and the imfluence of the drabetic and prediabetic
state on the size of the biby =5 and on certain tissue changes

Fic 10t —Thpical post-n
quateh treated)  The plum . . .
ceromegaly are well shown

(248)
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The formation on which thi- chpter i hwed s Tagch denned from
study of 5 autopsies on wiants of dinbetic moth ry under the « we of Drs
Prsoilla Winte and R untond Totws pesformed a1 the Paulkner Hospital®
from 1937 10 1949 mcfune

In the latter part of this penod the magonty of the mothers bad heen
oruntmined on the hormonal regimen descnbed by Whate** Of the 50
ifants, 25 were delivered by Cevirean <ection

Fra 102 Ivabne nembrane { Sernix momt pane ) hmng alyveoh w lung of
wfunt of diste . mother

Tawy 0 Cuwver Dot

t odeternuned (gl fing 11 msccaated it nted
Prewastursty (and v 82 weahavr 1900 g )

Asrratian of anmmtn funl %
hrth ngur i
Paeumona N
Congrnital anomatis 3
Adrenal hemorrhisg t

w

Causes of Death  In the weamprnnang t b (Tibic 465 e nted the
ooy of death s e W ceen A K wonds of esplinition are e onder
st the ¢ neses fisted i the table are, w mun st iees not the ame as

* Practuealls wll of thise neeropwics sore dam b ot un et o threetion of D 3 R
Hazsrd Dr ¢ A Mslhes or Ir P M LiGeomp
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those recorded m the protocols  For mstance 1 number of ¢ ey ongmally
signed out a5 pulmonary atelectisis or prematunty are here clussed
18 undetermined  since pulmonary itelectasis 7er se w 1 not conaidered
a satisfactory cause of death and prematunts was arbitranh defined as
noted belon  Lhe undetermined clssification aho comprises all of the
11 strllbarths in the sertes since no adequate eause of death could be assigned
to anv of them (evidence of intrauterine anovin was not consmnemg)
Prematurity was arbitranly defined as present wheneyer a gestational age
of thirts two weehs or less or a birth weight of 1500 g or less was re-
corded Death was attnibuted rightly or wrongly, in 8 cases to aspiration
of ammotic flud the chief crterion bemng the presence n alt of 2 welt
marked vernix membrane n the lungs (Ser }ig 102 and dicussion
below ) The birth injuries were, i all instances memngeal tears The
anomalies which were sufficient to cause denth wn three mstances consisted
of 2 congemital cardiac malformations and one cephalo meningocele *
Body Weight and Body Length  ncrosonua is perhaps the most com

monly noted finding 1n the infants of diabetic mothers  hraus® gives the
following tabulation of weights of 608 infants of 155 dinbetic women

Normal children 383 (63 3295}
4 hg children 110 (18 10%)
13 hg chldren 17 (7 73%)
5K children 19

5106 Kg children 17} (10 85%)

The large size of these nfants has been emphasized particularly by Maller
who has also enlled attention to the fact that apparently normal women
who have excessively large babses are likely to develop drbctes in later
Ife'12 8 Ths extremely mteresting comphention of the  prediabetie
state has been confirmed by others? 2

The obserred uerght 1n 43 cases was compared with the ealeulated werght
aecording to the secorded gestational age ** These caleulations were
based on the empirical formule of Scammon and Cafhins® *27 which are
presented m graphic form by Dunham * and which compare farrly well
with the data of Ylpo# (These formule are for fetal dead werght
which accordimg to Scammon and Calhins® averages about 200 gm

fess than the live wewght) Of the 43 babjes only 10 were less than
the calculated weight and most of these were under 1500 gm Olf
30 ifants werghmg over 2000 g at birth only 2 were less than the En
culated weight  Three mfants exceeded the calenlated wesght by less than
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410 gm 14 were from 400 to 1000 gm he wier wd 10 or more thm 2
third exceeded the calculated weight by over 1000 gm

Sumilarh the obserie ! length w13 compared with the calculated lenpth 2
Of 40 ifants for whom d 1ta were asailable 13 were less thn the calculated
length one was the same two were from 0 to 2 em longer five were from
2to 3 em longer and 18 were over 3 e longer Iive babies were heavier
but shorter than the caleulated standards and two were Iighter but longer
(hoth of these however were under 1000 gm )

Prematurity —One stnhing fact which emerges from the data 1 that the
rdatively large size of most of these babies 1s extremely deceptn e and that
to judge from the menstrual history the great majority of the e babies
(at lea t m this sertes) must be regarded as premature Standards for
Judging prematunits are of course arbitrarv but commonly accepted
upper limits are thirty -eight weeks of gestation 2000 gin body weight and
47 em body length? In the present series 42 of 47 hahies were at less
than thirts -e1ght weehs of gestation when born according to the menstrual
Iistors and on the same basis the calculated weight of 38 out of 42 would
be less than 2500 gm  and the calewl ted length m 34 of 40 would be le s
than 47 em  Admuttedly this conclusion necesaitates placing eonsiderable
rellance on the menstrual history but as stated above this 15 thought to
Ve oo . '

centers are not avmlable  (See below)

Heart —Among the organs the heurt occuptes 2 position of mjor 1m
portance beeause of previous ohsery itions particularly by Mitler 27 that
these infants may show = considerable cardiac enlargement In trvng to
detertnime what may be constdered o normal heart weight for the newborn
an 1 especinlls for prematures we encountered the same difficulties recorded
] VDl as regards vanations m published data After mspeetion of a
mmber ¢f such higures 1t was deaded that the formula deve ed by Mtler
woull be satfactors  especially since his calenlations seem to gre of
amtlung a dighthy Jower figure than some others  Mulker s formula 13 as
follws

=002k = 063 4+ 0327

Where v 13 the weight of the heart and x the body weight in grims
Application of thes formula to the present scries viel led the following
rosults Jof 41 infants of diabetic mothers 19 (or 44 per cent) had hearts
which exceeded the calculated weight by more than twice the standard
deviation  Qut of a control group of 701nfants onls G (or about 9 per vent)
1 ad hearts exceeding the expected salue by more than twice the standard
dcviation Y 1t seems ikels then that nearly half of the nfants in the pres-
ent <eries had sigmficant cardinc enlargement l It 15 of mterest that 2 of

-
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3 nfants with ery throblastoss fetals m the control gec up had e it wesghts
exceeding the expected figure by more than twice the st indard devration
y onsidcr thle amounts of glyeogen have been dendnsteated 1 the hearts
of infants of drabe tic mothers chiefly bitherrtherunrdiable Beat o wmine
staiming techmque *** and the hearts of diabeties m general appeir to
contain more glycogen than normal® (sec Chapter 5} A marhed vacuol
tion of the cardiac muscle fibers seen best in crows sectton 15 a common
finding 1 these mfants often appearing more strihing than tht of the
norm 1l fetal heart whieh also contains a goad de Wl of gheogen

Since it seemed posstble that the glycogen content might account for at
lewst some of the apperent enlargement and might also account for some
of the circulatory and resprratory difficalty obsersed in these babies chenn
<l analysis for glycogen was carrted out (courtess of Dr Albert Renold}
on five hearts from mfants of dinbetic mothers and one heart from an
mfant of a nendinbette mother

T4BLF 41 —CLYC0aEN CoNTFNT 0F INFANT IR WRT

Hrs

post
te ve ote Heat I ver M oscle
A491 4 3 82% 189 7429
A49 13 3 026%
A49 20 "1 0049
A49 23 54 0 188%,

A 50-33 1 38%
AS0 36 (nondalen) 0 13%

Ench heart was frozen sohd shortly after removal from the body w1 hept
«0 until the analysts was carned out  The results are shown in Iable 41
Tt 1s recogmzed of course that figures such as these are of dubious 1lue in
view of the time that elapses t etween de ith and necrop v due to the neces
<ty for obtaming nutopsy permission efe ( ruchshwh® gives  axerge fig
ures of 860l 1 20 per cent for nerm il an | dibetic hearts respectively
\cording to this two of the he irts would be distincthy m the dithety group
The reasons for the remark ibls hugh content it 4 491 (xceeding the
values 1n some cases of plyccgen stornge di eve® arc not at hmd At
least one miant of a ditbetic mother has been reported s an example of

Lungs —{The gros» and histologic findugs m the lungs do not np[;( n; ty
iffer essenbinlly 10 most cases from the picture 1n normal controls  Atelee-
tasis of varv g degree WS present i every Ce but the hlmg st}:mn{r;
resembled that seen 1 control cises of stillbisths and necmty| ”de he!
wmstnces of alveolar dysplasit 1 descrtbed by Mac\ahon® were ::S
The tmount of amniotic Aud m the Jungs seemed greater wr many © .
ols In 8 instances of neonatal death (not sti

m comp irable contx
;)‘:r‘t‘;m) the p;:'esen(e of 2 thich pinh-stamng hyhine Trver often giang 4

glvcogen stﬁrnge disease ¥
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famth postne Sudin stain ( yernix membrane ) plistered on the lnng
of the occaston1l apen alveol (Fig 102) scemed ~uffient for & ¢ e of
death It 13 hard to concene of much diffusion of g1 es through such a
$uer 7 and the membrane 1teelf must tend to ancre st the cohesnones o f
tle alveolir surfices and thus present neighboring alveoli from « penn,.
Although most «F these €ises were delivered by Cesire in ~ection one of
the myt severt was v spontaneous delnery hence it seems unbkely
{although 1t 1 still possibl )™ 19 90 th ot the mode of delivery s vmorfcter
m promoting aspiration of anmiotic flord

The postulation of this e of deth 1 admittedh m assumption wd 1
guess It seems to he generalls agreed that there s n tedal flon o wn
matic flud 1n the Jarger arr pissages of the fetus wr utero and that more (v
less vigorous respiritors movements may occur before birth ¢+ Cer
tunh traces of imniotic fuid  the form of corntfied eprthch b edllvm e be
fund hstologrc il 1 the lungs of practecally s stillborn or weshern
whmt Towever a wellmithed  veenn membrane ¢an handhs e ne
glected ny 1 possthle ¢ w e of reprritory embarrisanent  The apphe ation
' Suctien *to the new

the hyvaline membrane

docs not represent vernix or the result of wpiratton of amnictic fud but
Fither & s aetion to injurs analogous to the membrane seen m dults m the
Ppreumonty associited with pandemic influenzt or i so-called atspical
premmonty - They found the membrane almost confined to pramaturc
mfnts dung, wathin forty eight hours of birth and coning from mothers
who ¢ pregnancy and delners were uneventful  More reeenth Milker
etal ® have modified this view and apprentls hold that the membrane 1
T mumfestation «f pulmon iry edemt whieh thes think mas be redated to
vsfuncticn of the Aagusnerves sines they have produced something amil e
m s by <ection of the v In both sl wd human mteral
they beliuve they have demonstrted a polyswchrde i the by e mem
bran

Dick and Pund*” believe the membr e to be formed of vernix but sug
£est that the vernix must have 1 lugh fat content 1 this w1 they cxplun
the alience of the membrane 1 <ome «es m which 1t wonld be expacted
tobe pr nt

Bruns and Shicddst hold wath Miller that the hy tlne membrine  not
due to wprratym of momotie flud Thes pomnt ont the sarets of conds
B n which such v maebrine has boen observed Leth an hamnn and
Pt ) miternil and emphaze the possibly mportant Fict that
Sl membrane e be produeed cxpermentalls by Ingh o neentrations
T oggen thus raang the disturbing question <f whether vverzailous
whihityoy theripy may not predispose to formation of the membrane

Blvstad ef af # on the baas of 509 autopsies md some expermental
otk hold that the membrune 1 composed ¢f the coneentrated protem of
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wmmotre fluid that it 1 most common 1 prem ture mfants and m more
mature miants with a nstory of & comphetton such 15 Ce ren ~ectton
and that 1t 13 & major cause of death m the neonatal pertod

Obviously much more work must be done on ths cruei il questicn

Spleen —~The weughts of the splecns were compared with the expected
figures for the ob erved body weight using the table of Potter an] Adur*
which gives weights for varous orgns i terms of body weyht In 4)
cases the following results were obtained 1 19 casts the observed w eight
of the spleen was less than the expected weight m 7 cases it was the swme

o - 1

questioned whether the figures are significint m view of the wide vara
tions in orgn weights that may be encountered # 1t seers possible that if
any werea ¢ of weight were present 1t vmght be accounted for on the bam
of 1slands of erythropotests which 1n some cases seemed more abundant
than would be cxpected for normnl infants of the same gestational age
Liver — \gain the figures of Potter and Adwur ¥ werc uscd as standards
In 42 cases 1n which adequate figures nere asailable the results were 11
were frum (1 to 20 gin over the expected weight 15 nere mere than %5 gm
over the expected figure wnd 8 of these were more than 40 gm overweight
In the control group of o) eases 21 were from D to 25 gm over the expected

figure 7
40 gm ¢
mfants « o °

these cses stnce the great majority Were premature mfants tsre avorey
e

-}
e

pancreas by eosinophilte leuhoes tes t -
Hyperplas of the tslets wrs constdered to be present m 23 of 37 cases
In 2 control group of 2 cnses hvperplasta was found mn o cases (It 19 note-
warthy that 2 of thee 5 were cases of erythroblastosts fetalts further drs
cussion of this pomnt follows below } Sice actur) mersurement of islets
ns of the glands conclu 1ons as to pre-ence or ahuence
of hypirplisit werc boed on smple 1nspection combrne 1 with measure
ments made nith a micrometer es eprece T} e great myonty n,f the ‘.W':
regarded 1> by perplistic exbibited 1slands which exceeded the -1)lmx<;r n{
diameter  messted T Potter ¢f al as the approvmate upper it of
normal
number r
larged hy perchromatic nuctet t oleu w

requres sertl sectol
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FsG 105 —Hy perplastic r-land of Lungerbans from tnfant of diabx tic mother The

leukacy tes within and around the 1sland are eosmopuls
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4 senes of 1bout ten adrenils from nfants of diahetic mothers and ten
contrel cases were studied m frozen section by some of the histochentical
techniques 1n_current use for the demoustrition of hetosterods (2o
stamimg with Sudan 111 and examunation of sections treited with icetone
wd of untreated sections by polarized light) No sigmfient differences
between the two senes were noted  There appetred ta be no difference m
the xzone or androgemec zonme 76862 1 those mfants who had hved
more than a few hours the expected mvolutionary changes™ were found
to be begimimng m this region m both groups

The general lack of distinctive morphological findings 10 the adrenal
appeus to cotrefate well with the results of eosinophul counts dene on about
4 dozen of these nfants at the Taulkner Hospital #  Counts were done 1
soon 1s posstble (usully ten to twenty minutes) after delisery by Cevarem
section also at four hours one two three fiie and sesen day s after ¢
Iivery  The data when compired with 1 small control group of Cesiredtt
sections on nondiabetic mothers showed no apprrent sigmificant differences
Infants of both groups were usually born with relatively hugh counts (around
600 or more per cu mm ) then showed < sharp drop (usualh less than 50
per cent however) at four hours then a maximal fall to around 100 to
200 sometimes less at twentv-four hours followed by a nise the next dav
and mare or less stabilizatian at & level distmetly loner than that found at
birth

Kidneys —Rudnet weights v ere comprred with ¢ aleul ited normals brsed
on the figures of Potter and Adair * [Of a series of 39 cves 1 were Jews
than the calculited weight ¢ were the same (ze within 1 gm) and 13
were over the caleulated value  Only two mstances of marked enlargement
(¢ more than 30 per cent over the expected weight) were encountered
and in these cases the accuracy of the figures may be questioned No
sigmficant trend was apparent

Glycogen was demonstrated apparenthy 1n the loops of Henle by the
Best carmune method 1n two cases n hich the maternal blood sugir had
been hugh yust before delvery (Fig 106) This observation would seem to
be further evidence for 2 high fetal blood sugar reflecting maternal by per
glycerma and would also seem to reinforce the hvpothesis that <o called

glycogen nephrosis s simply the result of an eleiated blond sug xr}f
‘Hinde™ reports glycogen in the collecting tubules 1n the normal newborn ¢
of mammals mcluding man  However in the few normal
ed with this pomt 1n mind the glscogen htane t
wfants Q;’:\t E: :‘;‘ \sg:rﬁl\ml?wghzed as m]ihe nfants of dibetie mothers
appesr nd Thierstein™ have mdicated their belef that the structure of
ot Ius 1s & valuable criterion for estimating the age of the
e fead glumer;l :; of the hidneys of 1000 nfants thev concluded that
fens After a9 uly ere Tarely seen over thurty five weeks of
umpture glomeruls wer N 10 those measuring more

hing over 2
:“12\“‘0‘:’ m lg‘;’::;h“g In iveneml % at glomernlar matnrity
+ e

sexeral spectes
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whih s wnd £ occur durmg part of the gesttion penod mthese wo-
en $77 1078

Tollickes with grmulosa cells and theca lutem cells were found n 3 of 10
fem le mfants m this series (Fig 108) and m at leist one of these no hor
mone therapy had been given to the mother  In one mfant 1 strihing de
aluil rection of the endometrium was encountered (1ig 109y In this
e hawever no follide (vats or corport luter were found in the o1 tries
Ihe mother hid recerved large doses of estrogen wd progesteronc  Lhe
posible effect on the fetil gonads of the lirge do s of liormones which

Fra 109 ~Decs 11al reaction 1n stroma of endometrium  Infant of Luletic nott ¢
~ 250

mans of these women recenerd s difficult to e espeailly since so httle
1 known on the subject 0% # In tno male nfints vacuolzition of the
Prntatic epithellum possibly attributable to massve do es of estrogens
Rnven to the mother was obscned  Such v finding w not hewover ree
parted by Fhws and Fotter =

The presence of Graafian follicles 1 the mars mu ¢ be ntcrpreted wath
fantion winee i many cases the ifants of nondiabetic women may show
them = The medence in the diabetic senes does appear to be higher
bowever  An alternative explanation for their presence may be found 1n
the work of Abel # This imvestigator shonad that brge doses of msulin m
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wlult femade mice Jed to marhed follicular development 1l cventualh
the appearince of numerous corpora lutea  If 1t be granted that the hyper
plasta of the islets of Langerhans m these bahies reflects an oy erproduction
of wsulin 4 possible effect on the ovaries may be considered although Abel
appwenti) obtamed no definite resuits i mmature ammals
Other Endocrmes — Mo changes considered significant were found 1 the
thyrod prathyrod or pitwtary ghinds  In view of the techmeal prob-
lems and the scarcits of dats on normal salues for mfints no attempt w 1
made to count tcrdophil and basophil cells i the pituitary  In some
stances the acidophil cells did show an apparent predominince as noted
by others % % Some difficulty was encountered m yudging the number of
basophils simce m some cases both basophils and chromophobes seemed to
tahe a sumlar dull blue color with Mallory s aniline blue stam
Thymus and Lymphoid Tissue —In histologicil exammnation of the
Iy mphoid tis ues m nesborn nfants 1t 15 common to find more or le
shrnhage of the lymphaocytes with pyhnosts and fragmentation of their
nuclet  Ihiv change 15 usualls most obvtous (and apparcntly appears
first) in the medully of the thymus but when well advanced mw be founl
in the cortex of the thymus spleen lymph nedes and other foo of lym
phoid tissue s in the intestmes
Particulr attention was paid to this phenontesion n the present serees
m view of recent work on disintegration of Ismphocytes by adrent
cortical sterords ¥ since 1t was considered that such an appearance mght
reflect the presence of an mtruterme  alarm reaction # in these mfants
It was found however that no such conclusron could be drvwn  Shrinhag
of lymphoeytes was mvarably absent m the stillborn mfants nd Wi
commonly present 1n those who Iived more than a few hours bemg mo t
evtensive as a rule 1 those who sumned several days Comparible
results were obtained m the control series It thus appears prob tble that
the disintegration of Iy mphacytes whatever its cause 15 u phenomen n of
extrauterme life
Bones o distinct differences between drabetic nd control series were
noted m sections of bone (usually rib or vertebrr) o adequate roeat
genologieal mestigation of density  ossifieation centers ete 1as teen
carrted out
Placents — ke condition of thy placentn w 1s of prticulir mterest bl";
cause of the fact that premature aging of this orgn hts been po-tulated
s the cause of the shirp drop in urinary chorionie ponad stropm obsesved
1 the latter part of pregnancy 12 diabetic nomen A serzes o sipt “‘S‘S“

sertes of 53 placentas from nondiabetic motntsy
o definite differences m gross appearance between the 18« sene> were

made out  However when the waghts were compared crlcul x;mgﬂi‘l:
amount of placenta per hilogram of baby weight the diabutie plwe
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were found to be defimtely heavier, the mean for this group being 193 5
gm per kg baby weight as opposed to 1655 gm for the control group
Mam e B P B
this figure. A few of the rel i ely heavy placentas belonged to quite pre-
mature infants, weight 3 to 5 pounds at birth but the majonity belonged to
wfints weighing 6 to 8 pounds

The two senes were not strictls compirible m other repects for
stance half of the drabettcs were deln ered by Cesarean section (hence may
have had shightly more blood 1n the placenta) while prictically all the con
trols were normnl spontaneous dels eries Nonetheless there seems to be a
significant difference between the two senes  Perhaps the heaier placenta
mn the diabetics my prove to he another mamfestation of immaturity
(see belou)

It would seem that the shurp drop m chorionie gonadotropin observed 1n
diabetic women™ might be reflected in 2 difference n Tipoid content betw cen
the diabetic and normal placents  Accordingly we hue applhied ~ome
of the methods of Wiloch: and Bennett® and Demprey and Wislocki®®
{dnefly Sudan stuning wnd polarized light) to several diabetic placentas
nd several normal ones  No definite differences could be made out be-
tneen the tno groups  Othcrs™ have found no characteristic chinges in
the dibetie placenta

Hawescr Mehay ¥ reports 1 1 senes of these placentas fixed within a
fes minutes after delivery by Cestrews section the finding of a defimte
stroml edema of the larger il This was quintitatnehy quite vanable
“ometimes iy olving the majorits of the uilli sometunes only a few  This
edana dis wpered when the placentas stood at tcebox tumperature for a
few hours Mchay suggests that the edema may be sumply 1 mandfesta
ton of inmatunty of the plicenta but this1s not vet established  Another
thange noted occistomilly i these edematous silli was the presence of
mitotic figures in eulls of the cytotrophoblast which was quite promnent
Mo of the lirge vill - Prehmimars histochemiy] results indicate that
hetosterotds are absent from the trophoblist of these plicentas *

Congental Anomalies —It has been generally stated that congenital
anomahes are more common 1n nfants of dibetic mother 34 Ths ap-
Pearcd to be true n the present serics 10 which @ of the 30 infants presented
congenital defects summanzed i Table 44

TABLF 43 —ConcrasmaL DEFECTS 1\ 50 InFanTs oF Dranemic Moriere

Cardinc 6
Ceplialo-me ningocele 1
Cyetic ki Iney 1
Abeenec of ane kidney 1
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One of the mfants with v cwrdine womah Al o hd wltiple <hedetat
defcets It 1s antercsting that the ccmmonest inom s w1s a small mter
ventricular septal defect this bemg the <ole anomaly 1n 4 of the 6 cardine
cases  Congemtal defects were considered to be the cause of deathn 3
cases (2 cirdine and 1 cephalo meningocele)

Exp tal ~The exg 1 investigation of the problem Dj fetal

mortality n dibetic pregnanctes has been fraught with difficulty | D
betes mduced by alloxan i pregnant animals of various species® % had been
shown to result i o high merdence of intrauterine fetal death and of ahar
tion but oversized fetuses have apparently not been produced by mens of
alloxan Hultquist * ¢ honever in 4 careful study wang partral paneres
tectomy during pregniney w1 able to obtun grant fetuses mn rats  These
grant fetuses showed hyperplasia of most of the endocrine glands (thyroid
aud ovimes were not enlarged and there was only questionable hyper
plisit of the plets of Tangerhans)  The pitwrtary glands of these large
fetuses were sud to show increwsed vasculinty and enlarged cells with
promiment nucleoli basophils seerung to pndamrnﬂe% In further ex
persments Hultquist and F ngfeldt® were able to produce giant rat fetuses
by admsmistration of sanious hormones particulwrly growth hormone to
the mothers during pregnancy The changes m the endocrine ghnds of
these fetuses were said to be sumilar to those previously obtamned when the
mothers were sul 1 to parttal pancreatectemy  1he authors empht
size the fict that these grant offspring were obtamed without prolongation
of pregnancy 1n contrast to certun other experiments which they cite
where Jurge postmature fetuses were ol 1 by artificial prol 1on of
pregnancy  The mechanism by which grow th hormone may act to produce
@1t fetuses 13 still to be elucidated T arge fetuses were abo obtamed but
to a lesser extent when chortonre gonrdotropin or thy rotropic he rmone » 13
gnen
Summary —The c1use of death m the majority of the infants of this
series even those who were not early prematures 1 unfortunately not
clear and the rewon for the high mtrauterme and neonatal death rate
remuns obscure

It s:em:):';:'\r howeter that asa group the infants of diabetic mothers
present certmn (haractenstic findings most of which mn be expe«.te«])l u’v
be present m babies born i the Intter part of gest ttion hut some or al Iol‘
which may be ab ent prrticularly m earls prematures 1hese findings o

R

1‘(‘;1;10“[;{70&0!1"1 —1t 15 a dear-cnt and widely recopnized faet that tfl\:‘
babues of drabetic mothers tend to be [rger than normal The te nden? t
this large <ize to obscure actual prematurnty has been men;n])mt-d & wa\:,
It seems quite as Justifiable and probably much more usel ';"h o‘:'sfnﬂ
these babues as large prematures as to call them postmature N : ';m oted
provided by glomerular unmaturity noted above x!m) p‘e; \::;:me e
s posttry e ey xdence 1n this regard The common tendency tou
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s eriterion of matunty ¥ s certunly open to que tion  Fxcellent dis
cus 1ms of the difficulties of establishing a dragnosss of  postmiturity  are
gnen by Ballaintyne and Browne 9%

The hypothesis that the large bodily size of the infant 1 due to over-
actraty of the maternal piturtary a particularly attractive theory in rela-
tion to the prediabetic state 1 not as yet supported by ndequate
evidence

() 1 sseeromegaly —1 nlargement of the he urt 1< seen frequentls <nough
to be conudered significant  Although 1t 15 probible thit these hearts
contun more glycogen than normal ones the mereased size can hardlhy
be due to the glycogen depoait unless one assumes that glycogen may
mahe up more than 10 per cent of the weight of the heart I'nlargement
of the spleen and hiver 1s seen m only a friction of cases and 1s not clearly
sigmificant It may be due in purt to relatrely large tmounts of hemato
putetic tissue although 1t 15 not clear that the latter 15 actuilly increased
out of propartion to the age of the fetus (see befor)

(3) Pancreas —Two changes are found often enough to be considered
significant, (a) hy perplasia of the slets of I mgerhins wnd (b) mfiltration
of eosnophilic leuhocvtes  The causes of both of these phenomenn are
obseure

@) Itonet ) 1ess —1 xtrymedulliry  hematopowsis (chiefly  ervthro-
potesis) espe Iy 1n the huer and spleen has been crted as characten tic
of these infant ~ As noted above the sigmific ince of this finding 15 ques-
tiomble when one considers the gestational age of the fetus  If 1t i troh
meren ed the ewse 1s not clear

(8)  Glycogen Nephrons —Deposition of glycogen in the renal tubules
may be evpected when there has been an unusually high maternl blood
sugar shortly before delnery Ilowever as noted tove the speafiaty of
this finding 1n the newborn may be questioned

(6) Gonads —Growth of follictes in the v1ary myv be found 1n a certn
Percentage of cases and may concenably be due to 4 hugh concentration
of chononic gonadotropin or poswbly to &n excess of iswln from the hyper
plistic fetd 1slets of Langerhans

(1) Placenta —1In this <enies muny «f the pluentus seemed to be d
fitely hensser thin normal - Whether this s rdated to nmatunts rem s
tobeseen o (anges con dered to he smfic int were found m the ad

1 v

and splecy hyperplisiy of »lets of Langerhans and hanateporesis) has

n noted and provides interestng opportumts for speculition  If at
could be shown that apoxia stimulates the wlets to hvpe rphisia 8 possible
common ground for the two conditions might be found  \s yet no ex-
planstion for the sumlanty 15 at hand  Howeter as noted by Viller 109
taution must be exercised fo avoid confusmg the tno especralls when disg
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nosts & bsed on pathologieal exanunation onc an the absance of adequate
information concermng the mother
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Chapter 21

CANCER AND DIABLTES

A RETATIONSDI between < meer and dibetes has long been sa pected
but hs been difhicult to establish on sound statistical gromds  Such an
ssocnytion was mentioned but not elaborited upon by Wilson and Mahert
Marble’ anahzed 256 cases m shich the tno discases were associated
These represented the cases of cancer recogmzed among 10 000 cases of
dhabetes 2¢ anmadence of 2 50 pur cent  Marble also studied the figures
of msurnce compames and other dat1 and concluded that while certun
«vidence suggested that caneer was more common imong ditbeties such 4
concluston could be queatu‘ned

Dry and Lessmers reviewed 182 cuses of dinbetes and found 38 cases of
«ncer ¢ remirhably hagh merdence of 209 per cent It 1s of mterest that
 of these 38 ¢ 1ses had earemoma of the pancreas

Flhinger wnd I andsman ¢ 1n studymg 1,250 cases of diabetes found 39
<1ses of cancer 2e an incidence of 3 04 per cent  This they found to cor
relate well with 1 medence of 2 9o per cent in 14 332 cases of diibetes
from the world s iteriture  They compared these figures with an maidence
of cancer for the general population of 046 per cent (figures for New York
Stite m 1941 )

Apprrently the most careful statistical study of the problum to dite 1s
that of Jacobson® He notes the importance of vvording Wikon st filly
of operitional selection  and of studying the universe of the Inmg 1
well as the umerse of the dead  He also pornts out tht 1t 15 not suffi
aent to show that a given condition 15 less frequently associited with
another at the tune of death rather 1t must be shown that the first condt
twon 15 Jess frequently assoctated with the second than it s with cther dis-
< 1ses and conditions  He demoustrates that cancer 1+ 1+ freguenthy tst-
autad with disbetes s 1t 1s with other conditions {pg sy philnn tubercn
losts) that are generalls thought to be assoaated with cancer and that
cancer 1» more frequently associnted with ditbetes than it 1> with n(blcr
conditions (¢ g cardiosasculir renal disensc) that are not thought to ]ye

wsocated with cancer  Jicobson concludes appling Wibon s prncipl
that cancer and dinbetes were reported s Jomt cry s of de ith \t'(“l
Jersey m 1940 and 1 New York City m 1930 meore Irequently than]\\(ﬂ:"
he expected if these tn o cavses fell independently upon the total popult ; l
s general conclusion 1s that the incidence of cancer is fugher am
dibetics than among nondibetic indnduals

268)
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The madence of cancer as a cause of death i the present seres was 10
per cent (81 of 818 cases—ree Appendx () This figure 1~ douhtless in
pirt ttnbutablc to the fact that the New Poglind De cconess Tospit o
1> recognized as Ceenter for the treatment of caneee as well as dithtes
OF xome mterest 15 the distibution of types of cancer weonding to tissue
and organ qystems m diabetes In Table 45 ar presented the sites of orgm
of 112 Cases of caneer occutring i ditbeties Athough fes conclasions

y{,

.., =

e

3 '?'?v‘s“':‘:f»
i

H6 110 — Adenomatous post partum by peeplassa of Cisdonn trium i disbetie wonian
treatesd durng { ngnaney with estrogs ne

tun be drawn from ~uch 1small group 1t secms apparant that the madonee
of carinoma of the cndometnum ¢ iwanom of the pincreas and pheo-
irorioc tann of the wronl Tigher thn nowlkd be oxpeeted s graup
of nondiit ties of sl ir aze

A o of pitients with ewnmoms of the cndometrium \ow?
totieed a rather hogh mcudence of diibetis  He thought that this was
probiably 46 be enprsted mvien of the obeests 1wl age of pationts suffonng
from this tipe of canerr Mossner and Sommens hue studied the poste
et cudome trd o geepl e found msome S dobetic woron sho wen
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curetted from three months to two years after delivery  These women
had been muntamed durmg pregnancy on Dr Prr eilla White s regimen of
Iarge doses of stilbestrol and progesttrone and these hormones werc
presumably respousthle at least m part for the findings which conssted « f
endometnal hvperplisis often polypoid <ometimes ¢ystic s metmes
wdenomatous sometimes 4 combination of both * Thys hyperplasti dif
fered from the ordmrrv type m imvoliing + morc regular and mere flond
overgronth of hoth glands and stroma and 1 bemg quntitatn s morc
marked  In typieal cases the glunds were closely packed tortumus adeno
matous and dilated with abundant compact cellular stroma often con
tunmng eosinophils (g 110)  The authors pomnt out that m <ome <eries
of endometrial ercinomn from 9 to 11 per cent of the patients e din
beties 710
Of mterest m this connectton 1s 2 study by Sommers ™ a4 y et mcomplett
of a scrtes of multiple mignancies 1n which @ small group of wemen has
been found showmg v imous morphelogie stigmata of hy perpittntarism
These women tend to have diabetes mellitus and have multiple cincers
mvolving the endometrmim ovames breast and gastrountestmal trict m
\ wrtous combinations
Of constderable mterest 15 the 14 per cent metdence of carcmom ¢ f the
panereas m Table 45 Thts stands m contrast to figures of from 25 to
4 8 per cent for the meidence of carcnomn of the pincreas m the generil
population ! The question of a possible etrologieal relationship at once
arses and with this in vien the 19 cases are histed m Table 46 1n an attempt
to compare the duration of the cancer wnd of the dinbetes It 1s evident
that in over half the cases the symptoms of carcmoma erther antedated the
symptoms of diabetes or occurred apparently sumultaneonsly with them
Thas tune relation does not of course necessartly indicate a ¢ wsal relation
but certunly makes 1t more hkely
In this connectron 1t may be noted that D shrell and Pulmer ! an v serte
of ¢ 1ses of carcinoma of the pancreas found ghy cosnury (usually meonstint)
1 27 per cent and o diabetic ty pe of ghicose tolerincc curse m 16 of 21
patients  Thes suggest that the value of this test i the diagu pas of car
cinoma of the pancrets m1 be grexter thin has been raalized  Tens ani
Lichtman 3 made sumilar observations  Howaver as noted by Marbk *
cancer patients of any ty pe are poor subjects for the glucost tolerince test
and 1t would seem that all such obseryations should be carefully ¢ mtrofled
Silver and Lublinert found that 14 of 43 c1ses of eareinoma of the b d
or tul of the panereas had dinbetes while only 2 of 57 ¢nses of caremema o
the head of the pincreas had diabetes One might of course suspect that
this was true bec e circnoma of the head of the organ 1s Jrkeh to pro
duce biliars obstruction and death before enough of the pancrens 13 de-
stroyed to bring out the diabetic syndrome '
women th ¢ compl ration }as 1t been
. :,],",“,::z,".fﬂe?: . :’{ S'i“\?;‘,"&",“é” el achola f rntm ntrat (1]
tom o~
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22 CANCER 1\D DIABETFS
The stnkmgly mgh merdence of primary carcmomn of the hver in heny
chromatoss 1s unexplaned  The subject 15 reviewed In Warren an

Driket (ree alvo (hapter 7)
‘The import int subject of tumors of the endocrine glnds m rehtion t
thbetes 1s drscussed elsewher (see especially Chapter 16)
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Chapter 25
EXPERIMENTAL DIABETES

I the following discussion emphasts wall be pliced on the pathogeness
and histopathology of expenmental diabetes  For further det uls and more
emplete bibhography, severil excellent reviews may be consulted espe
enlly those of Tuhens'? Houssny 24°¢ Buley 7 Duff * Bell 5 Hunt
Lazarow ¥ Young * Bennett and Frans # and Jores®  None of these hy
1tsell constitutes complete survey of the field but all taken together
provide farly adequate cov erage of the 1arous suhdn stons

In the hght of present knowledge 1t mav be stated that all types of
bermanent expernmental dithetes e all types in which the ditbetic state
s arreversible and persists after disconttnuance of the exciting gent
depend upon destruction of the g cells of the wlets of Tangerhans m the
pncress  In all cases therefore there 1s msufficieney of the endocrine
part of the pancreas which 15 mneapable of secreting the smount of insultn
required by the organsm 1 sen when the diabetes 15 imtiated by extri
Pancreatic factors {as eg n pitutary deabetes) the development of 1
permanent dibetic state 1s accompanied by and dependent upon demon
strable lesions of the B cells of the islets The pancreas 19 of course not the
only orgwn which takes part the presence of the ner for mstance
essential for the production of a dibetic state damage to the panercas 1s
hosever the sine qua “on

Mumerous methods are av ailable for producing & temporars ghcosuna
%ith or without hyperglycemin eg almentin by stuffing the organi<m
*ith excess Carholiydrite 1 nous drups such as eptnephrme hormones
<ueh &y some of the adrenal cortical sterunds inte eferonee with the nery ones
“Wstem ay i the piqure expertment of Clurde Bernwrd and phlorhizm
which has the peeulinr effect of rendermg the hidney tubules meapable of
Mbsorbing sugar thereby leading exentually to inere sed hetogenests and

mered RQ - Some of these types of temporsny dibetes will be mentioned
Ram at the end of the chapter

Ther are fne prncipal methods for producng a pennnent dibetes

1) Total or subtotal pancre tectomy

D Ingction of alloxw or snmlie substunees (meluding dehvedes

ascorbie acd)

3 \dmimistration of antenor pitastary extrct

B Thirod feeding m the parthy depincreatized anmial

Sad tionof exces.1s fghwos overa prolonged perod *

® AUt front wrie g the d ah tic state g rodured 13 ACTIE or & freal cortics]
2ot 't ¢ boon Rl wh gy be permar 1 Hwt nf rocmatted from the st
M cussed wt Ao et 1ef 0 hagtar
$1% 13
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Pancreatectomy —Fuer since the clssteal evperiments of von Venng
and Minhowsks %1t has been recogmized that total remos al of the pancreas
results 1n diabetes  Since total panereatectorny also leads to various un
desirable side effects subtotal pancreatectoms has been more extensi el
used  Remosaf of the greater part of the pancrets (mne-tenths 1 the dog
five-stxths i the cat 9o per cent in the rat) usually leads to a ruld diabetes
which may become permanent In the dog subtotal pancreatectomy does
not produce diabetes if as much as one-seventh to one-eighth of the pmn
creas 1s left m provided that msulin treatment 1s gnen during the first
weeh after operation and that aseptic techmque 1s folloned When a
larger amount of the gland 1 removed there frequently occurs & muld dia
betes (Sandmeyer s diabetes) which 1s not stable may either disappear
spontaneously or mcrease m seversty and lead to death of the ammal
This mild diabetes {(and 1n fact any type of esperimental diabetes) 1
made worse by high cirbohy drate diet 1n some instances 2 dog with 1 sub
total pancreatectomv and a normal blood sugar may be made diabetie by
feeding sugar In any case the diabetes does not remam on a plateau as
regards sev ety 1t erther disappears or gets worse  An nteresting feature
of subtotal pancreatectomy 1 the rat s the fact that diabetes does not
appear immediately but ouly after a lapse of two or three months Hous-
say? points out that this pertod 1s equivalent to several years in the hfe
span of man and suggests that a subchimcal predibetic state without
symptoms may precede the appearance of human diabetes

The lestons 1n the islets after subtotal prncreatectom; were first clearly
deseribed 1 dogs by Allen * 7 and w dogs and cats by Homans ' 1 % mded
by the then new stuming techniques of Lane and of Bensles They noted
within a few days after the operation dimenution m the granules of the 8
cells accompanied or followed soon by swellng of the cytoplasm and the
appearance of clear vacuoles which contatned nothimg stamable by the
methods which are usually used to demonstrate fat glycogen or other
substances For a tune the cell membranes remamed mtact esentunlh
however rupture and dismtegration occurred followed finally by disap-
perance of the 8 cells  During this process the o cells preserved ther
integrity and no leuhocytic exudate nas observed The v acuohted apper
ance of the 8 cells 1 the early phase 1s termed hydropic chinge and 14 seen
1n other types of expenmental diabetes Tacuolation of the epithel sl
cells of the small ducts of the pancreas may also be seen (s noted m
Chapter 3 the recent work of Toreson® indrcates that  hy ‘droplc change
wsome if not in all instances actually rep glycogen dep

The rapdity of development of these lestons was found by Allen to be
dependent on the setenty of the diabetes  In severe uncheched dmbetr;
the earhiest vacucles appeared n about five days marked or mﬁ“g’z
vacuolation m three nechs and after six weeks ta two months all 8 cells ha

usually disappeared
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The question of rex ersibilits of the hyvdropic change 13 an inter sting one
Allen* found that the stage of matimal vacuoltion nanally lsted for about
five davs  Durng thes peraed he tned nnsuecessJully to shobih the lesions
by fasting the ammals  Later however with the advent of msulm t v
clearly shown b others™ that reversal of the hydropic change could he
achieved by treatment with ansulm This phenomenon becomes mor
understandable if 1t 1 mdeed true that the  hudropie  appirine s due
to gheogen

The pithngenewss of the lecions n the 1slets 13 o problem to which Vilen
devoted nuch attention  He found no esidence that nervons or carcndtory
tactors were concerned  He noted that the sevents and rapuits « ¥ appaar
ance of the ehanges Varted direetls with the severits of the dinbetes that
gh carbohydeate diet facilitated their development and thit they conld
be prevented by Tsting the ammal or grong a pure £t diet e found
however that production of an intense hvpergh cemi Lover a perioxd of three
to thirtv-eight hours did not produce vacuolition 1n nondiabtic antmats
nor did it lead to perceptible increase i vacuslation tn ammals alrendy
dibet Ao in hichands phlorhizin did not prevent the nppe iraner of
hydropic change after pincreatectomy even though the blosd sugir was
kept at or below normallevels Al phlorhizin gly cosurr did not produce
vacuolation w nondibetic ammals  Allen therefore concluded that the
hydropic change was not dopendent on nervouy or arcutatory fctors and
not due to hyvpergh ceminor gheosuna He postulated a functional over
stram of the slets due to some unknown humarnd agent  As wall be ween
bdow mor reeent evidence suggests that Inperglicemia per ar (or el
<ome factor ar factors constantly assocrnted witly by pergly cemia) muy be

vl e - actually due to
Yet 1t seems
L. this gheopen

dapositicn sath insulin Gven n the presence of porghocemin @

Totnl panen wtectomy of conrw exertsits effect by sudden and complot
ranoval of the snadin producing 8 cells of the sslets  Subtotal panereas
tectomn rnos es most of the @ cefls and may lead to secondary dumage of
thowe that survive It 19 4 fact that the diabetes due to subtotal pancrea
tectomy (or alloxan) commonty requires for ity control men inslm than
that due to total pincrentectomy  This finding 34 discussed 1 the nexe
chapter

Alloxan.  In 1933 Dunn Sheehan and Meletele® reported that intea
venons njectyn of alloxan mto ribtits produced an it hvpergh comiy
foll et by hivpogh comiy and death seec inpanied by necros ¢ f the wlets
of Laugethans in the panereas This snncuancement was soon futloned by
the alnost amultaneous rports of Brunselimg of al® and Buly ani
Bades ™ that permanent diabetes could be produced by this method

Aftoxan 1 the urtide of mesoxalic aend  Tte struetural formuta and thoe
of «ome related compounds are shown in the arcompaning diagrun
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One of the essentrals m determming diabetd genie

wirvty appeirs to be the presence of an mtact pyrimidine rng  Lctnaty
1s abolished by substitution f the alloxwn molecule at any position other
than m one mno group but even in thrs site 1f the substitution 13 carned
beyond 2 certun length of side cham (eg¢  butyl alloxn) the compound

becomes mictive

It 15 probable that the diabetogeric effect of certun

compounds relited to alloxan eg diethylalloxantm dialunc and methv]
dialurie acids depends on their bemg rapidly extdized in the blocd stream

to the corresponding alloxans 7

Recently Luhkens wnd Rennedy ® have shown that a styry] qumoline
dern atis e will produce necrosts of § cells comparable to the effect of alloxan

Alloxan i proper dosige (which vanes m different species) has produced
permanent dinbetes 1n the rabbit rat hamster dog cat sheep monkey

pigeon and man

Other species ¢g gumea pig toid owl are resistant

for reasons unknown 7 Lhe resistance of the gminea pig mw be duc tosts

high blood glutathione
The ty pteal re ponse of the blood sugir following the mer venvus mjec

tiom of alloxan 15 repre ented by 1 trs phasic curve

(1) n pha ¢ of Inper

gheemit of unhnown cruse appeaning two to four hours after myection
(2) & hv pogly cemic phase 1t six to twelve hours possibly due to blochage ¢ f
glycogenolysts n the Iner ** and (3) a purmanent hypergly cemm enstung
at erghteen to twenty four heurs  In some ammabs the rviultmg dnif etes

- tos

tests for insulin tolerance or sensitn ity resemble those seen 1n depncrey
The sesenits of the dibetes ms be modified by by poph

tized ammls e
~ectomy ¥ adrenalectomy ¥ thy rmdectnm)L orL e(;( 1

the earhiest ICsIoNS cunl e

tg thyrnd extrict *

weanndod
ct that 1t

on ® that

- and that
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clamping the pmernatie vewds for five munutes duringg wd after the ingees
tion prevents the necross of the slits®  Clunping the ranl or splemc
pedicle has also a preventine ffect perbaps due to a vasomotor reflix
affecting the pancreas ™ The action of alloxan mav alo he presented n
the injection of vanous substances e g, glutathione cisteme BAL, and
many others provided that ther are injected exther immediateh hefore
wmultaneously with or within a few minutes after the injection of al-
loxan $ ¥ # 3 QOue of the intercsting side effects of alloxin s the marked
fall 1 blood glututhiene which follons i« mpection *  Alloxan adled to
plasma 15 comyerted almost entircy to alloxame aead @ [his stable con
version product mis provide a valuable means of studving the relation 1f
am of alloxan to human disbetes
The histopatholugs of the aslets i alloxin diabetes his been studied
nost carefully m rabbite rats and dogs and has been particululy well
desertbed by Bailey Baley and Hagan @ and by Hughes Ware and
Youngt  [he carhiest changes art discernible us early as five munutes after
mjection of a dinbetogenic dose of alloxan and constst it a shight dimnutson
n number of granules i the 8 cells with shightly mereased promincnee of
the nucle wr membrane and some irregulanty of the cell outhne  After ten
to fifteen minutes there 1s o defimte reduction of granules affecting first
the 8 cells in the centers of the Lirger 1lets At ond hour thur 1 evidence

appe wrance sath homogeneous eosinopluilic evtoplasm  Thereafter dis
mtegration of both evtoplism and nucla becomes more appirant with
coilescence of eclls and evidence of harvolvas By the end of twents four
hours extenanve disntegration and disippuarince of eclls 18 the rule the
centers of the wlets usnalhy contaming ondy amorphons granulir debns
Onh after about forts-eight hours 1s there a marked fall i insulin content
of the pancreas #¥ \tar several days the granular matenal 1s emoved by
an unhnown mechansm and the islet mav consist only of & ponpheral
Twer of @ vells The latter cells are <pared according, to most reports
ulthongh some wnters descnibe complete disappaaranes of sslets and some
report imerc e mnmber of @ ctlls Frentuallv one o fmd shrunko
nfets made up only of these eddlx (Plite T ) In other mstances a few 8
cellimmy surine  The fate of the D els i alloxan dinbetes 1s not known
withcurtamnty probabls because most authore hine not used the speciabired y
nnd mther difficnlt techmques necesan to dumonstrate them (See aleo
p 20

‘Throughout the entite sequence there 15 a strking absence of the loho-
evtic anfiltration usually associated with necroas of tisue in other well-
recopuized patholopienl processe Ao the lack of eventual fhroic or ™
hyalinezation of the tluts 18 an intensting feature although ths mn pere
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haps be expluned 15 due to the rather specific action of all man (i the §
cells without associated demage to the connectsse tissue stroma
Hydropic change of the 8 cells which 1s so charactenstic of other types of
expertmental diabetes asnoted elsew heren ths chapter ss a Jate phenom
enop mn allovan diabetes It does not appear m the early sequence
(described aboye) which follows the myection of a single drabetogeme dase
of afloxan probably because the inyury to the cells 1s 50 acute and severe
Qccasionally hydropie change may be observed after severa] weeks in anr
mals made drbetic m this way and has been attetbuted by hennedv and
T uhenst to the effect of hy pergly cemia on 8 cells which esc iped destruction
by the alloxan  Bailey #t al % noted by dropic change al o mitatic figures
m some of the islets of ammals given repeated small doses of allotan
Toreson? ks demonstrated the presence of glycogen 1n the hvdropie
8 cells m alloxan diabetes and Duff and Toreson® have made the remark
ble obsery 1tion that the deposition of glycogen in the 1slands can be pre-
vented or reversed by small doses of insulin even in the presence of hy per
ghycemir  They conclude that hypoinsulinemra m1y be more mportant
than b3 pergly cema n producing this change
Goldner and Gomon® desersbed marhed hvdropic change in epithelum
of the intralobular ducts of dogs made diabetic with alloxan and examined
after stxteen to eighteen davs Duff and Starr* observed mrtotic figures
reaching a peak at seventeen hours in the acmar tissue of hooded rats
Usually the acmi of the pancreas show no change In anmmals which re
cover from trnsient diabetes induced by a smgle dose of alloxan there 1s
apparently dctive regeneration of g cells ¥ rerching & peth on the fourth
dny 85 indicated by colchicine ¥ This regeneratn e actrvity appears to be
mereased by the admmstration of anterior pituitary extract ¢ 400
Rutngur® reported observations of the acute effect of alloxan on the
Iiving pancreas treated with neutral red and janus green Ile described
clefts of flusd 1n the g cells in less than thirty minutes after mnjection of
the drug  These clefts subsequently enlarged and fluid escaped mto the
mtercellular spuces at the same tune t};at eh)e cytnphsn:c g:g::;t:eg
i fi tation of nucler was seel
on.ﬁrl;n these iﬂsze:‘ ations i this Iaboratory have been unsuccessful
()ecause of mability to achieve adequate visuahzation of the 8 cells in mwf
The hiduey 1 perhaps next in unportance to the pancreas as & s‘fwt e‘:i
e ot o the e f e o
appears to be generally proportiona
f["f“‘:;xt":jxuxrr’lxﬁf the tubules may shon changes varyng i;ox:] shg:‘t
swellipg and vacuoltion to sesere necross n:d dt’;‘l:; ""“'; ;: n;p'\:;z\(b
“meid"’ de.;lh of the animal 1n uremna T:.se,‘.. e renal fesions
Inited to nbc
usuelly disapr

ature
i:gilrels may be found if the termunal blood sups! 13 soss -

lesion
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or lugher 2 Intercapillary glomerulosclerosis has not beun reported  How-
ever, Mann and Goddard* have found a somewhat similar change, cone
asting of thichening of the bisement membrane deposition of » hyalme
material between the capillaries and unlihe the human lesion, glomerular
adhewions and proliferstion of endotheh l und epithehial eells  {See Chapter
12)

Lesions of the liner are apparently ummportant in ammals given ordi-
niry doses of alloxan although focal necrosis 18 described  Dogs given
large doses may exhubit Jaundice and other evidence of hepatic damage
In dogs which have been diabetic for some neeks fatty change in the Iner
mav be observed but since fatty Iners are alsa obsersed in depancreatized
dogs this obvers ation 1s of gueshionable symuficance o refation 4o the direct
effects «f allovan  Necrous observed occastonally in dogs cats and rate
18 more probably due to the drug  Herbut et al * have descnbed severe
necrows leading to portal cirthosts with depostion of wron resembhing
hemochromatosis 1 rabints given a high cholesterol diet folloning the
njection of alloxan I er glycogen 13 said to be narmal or even increased
1 alloxan diabetes  but this masv vary depending on the seventy of the
dinbetes

In the adrenal glands foc 1l necrosis of both cortex and medulla has been
reported  The thiroid may be <omewhat atrophic  Lisions of the eyes
melude cataracts «amilar to those of man Necrows of the basophil edlls
of the pituitary may follow masase doses of alloxan  Artenosclerosis of
severe degree has not been reported an fact alloxan ditbetes seemns actu-
alls to mhibit the development of chiolesterol atheroscleroas in the rabbits
(see alta Chapter 9} Allovan dibetes has caused dwarfing of young rats
and abortion and stillbirths haye oecurred 1n 8 large percentagy of pregnant
dunbetic rabbita 3

It 14 usually stated that the hum i islets arc reastant to the action of
allovan  Tius opnion as Lukens? points out seems to be bised chuefls on
the work of Brunschwig ef al ** who gave alloxan in varying doses to a pa
tient with nlet cell cartinoma and to four other patients sath advanced
malignant disease of other types without producing diabetes or characee
teristic lewons of the 1slets at necropsy  These myvestigators however
guve the drug 1 large amounts of saline and therefore slowly  In view of
the knonn rapidity with which alloxan s destroved m the Llood stream
the dones which they wsed ean handly be considered comparable to thowe
sueeessfully emploved 1 the experimental atumal  In tao other cisestss
definte rehef of by poglveemiy has followed the usc of allocan and m one
ease reported I Conn ef al %% although an islet cell tumor was found to
be resistant the 1slets in the rmainder of the patient s pancreas were
damaged and permanent diabetes cnsued  This patient recened a total
of 800 mg of alloxan per kg over a penod of nine davs  When the tutor
wasremoted the g cells of which it was largely compuosed were found to In
spparenthy mtact while the 8 cells of the 1lets proper showed varyng de-
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grees of degeneration from degrunilrtion and hvdropie chnge to s of
cell manbranes pyhnosis and fragment sion of nucla nd complete dis
apperrance of vells  These authors conelude that the sensitnty of the
8 cells of man 1s comparable ta that of susceptible anmals ang that allovan
should not be used as a therapeutic agent

It seems clear that the dabetes which follows ecticn of allovan 1
due essentially to partial pwerettectomy wduced by chemien! means
However the exact mechuusm of ncton of the drug on the 1slets wnd the
cause of its remarkable speaificrty for the 8 cells are unhnown 7t Ag
noted tbore the effect of allovan accurs within five minutes after wtea
venous mjection 43 shown by ats rapid dhsapperrance frim the blood and
by the prevention of its action by clmping the pancreatic vessels Its
effeet 13 ddearly unt due to the trphaste blood sugre curs e desersbed abore
strce prevention of the mitial iy pergly cenue phase (by maubin phloshizm
or other mewas} dues not prevent the lestons of the sslets or the ensuog

hmmarv hgation of the panereati duct for reasons which are not clear # 8

As stited by Bruckmann and Wertheimer ¥ 1he mam difficulty 1 the
efuerdation of the mode of action of aloxan }es m our dack of hnowledge of
the spraific hiochemrcal processes of the target tissue, the islet  These
authors hst three passible mechamsms (1) selectne accumubition m
toxic imounts of the drug by the 8 celis (2) competition with a structurally
wmlar vompound for an enzyme with resultant disorgamszation of cell
metabohism and disintegratiou of <ell structure (3} speeific resction of
alloxan in the istet cell with or nithout 4 spectfic accumulation 13 eg by
mactiation of en enzyme system concerned with msubm sunthess An
exvellent disens ton of these theoretieal considerations s given by Lazaron ™
(see alvo Chapter 20} and Tlauseas® presents a detaled discussion of the
role of sulfur componnds m carbohy drate metabolsim

Of gre it tnterest 1 the recent production of diabetes wath delydron
corbic nad a substance which ocours naturalls a the body and which »
sl @ steucture and chumeal propertres to allovan Fine didetes
o also be prevented with glot ithione urd related compound B @

On the suppostion that allovan v act by combing with zme
Bandota® His tried other org e substanees recting with zme and has
lamed wuccessful production of dnibetes m rlbnts with ovne wnd diths
sone e histologic il changes m the islets are sud to be sumilar to thow

by alloxan
pr;}ﬁ;jigry‘;wg::es _In 1927 Johns O Mulsenm Potts and Laughton?
descebied « teporass dabetes folfawing the imjection of an extract 0{7 (;w
wterior Jobe of the pitutats 1 dogs ‘Thus report was followed m 1932 ‘f
papets from three diferent groups of msestigators on the production 0

~
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pitmtary diibete<® 707 Finally an 1937 Young™ made the tmport int
ebservation that d uly mpections i dogs of crude extracts of anterior pituy
tary over a period of weehs nould lerd to a permancnt dnbetic state which
peraisted after discontmuance of the mjections  Richanlson and Young™
deseribed lesions of the islets in such dogs

The physiology of pitwitary diibetes 1s complex ind has recently been
reviened by Tukenst Young ™ and Bennett and Tyans ¥ to whose pipers
the reader 15 referred for further detwls The thyrotropte Jacte game and
gonadotropic. f1ctors of the anterior pitwitiry appear to have no dibeto-
gene effect and the production of diibetes seems to deptnd on 1 combiny
tion of the growth and adrenatropie hotmones  Recent!s 1t has been shown
that purified growth hormone at least i ~ome anmmals 15 a more potent
dinbetogeme agent than AC FITP #1%  [he mechanism 13 obscure but
sceme to involve both suppressed utilization ind overproduction of ear
bohidrate  Inhibition of hexohinase may plav a part in the process ™

When a dog 1s gien daly mjections of a smtable crude queous extract
«f antenor pitustarmy hy pergly cenun oecurs: assoerited with a4 progressine
Toss of granulation 1 the 8 cclls 8 process which requares tbont wven davs
to reach it maamum 4t about this time hydropie change (ghcogen™)
appewrs  Lhe dibetes 15 now reversible and @f mjcctions are stopped
recorery may occur and the geanules may reappoar mthe g cells I how
ever the mjections are contined permanent dithetes (Glled  metabis po-
physil disbetes by Hounesiy® and Young™) will usuddly ensie i two to
four weekhs  Thercafter Jiscontinuance of the injections does not affect
the ditbetcs and when the pancreas 1v cxanmed the slets are found to b
smlland composed alinost entireds of acdl s the dubetes following
subtotal pinerc itectomy  hndrope chinge mav be sean e the equthelnl
edls of the small ductealso andin the culy stages mitotie hgures mw be
seen in these ¢ells as well as m the S eddis ™ Iy almzation of the s Jots has
bern recorded” M hut w exceedingly Fire 1 contrast ta the humin diseas
Taterc il any QJomeruloseleross has been descrbed i the b lnevs of a dog
mamtamed in the dibetic state for five veurs ™

The amelioriting effect of ptmtirs ctrct moall wan didetes e
«rved by Omiduie™® and Cavallero® has not bean enaditel Tt oas per
haps due to & pancratropie agent (the growth Tcter®) Moy species of
il do ot respond with dishetes to the mjection «f anten r pitatary
extrut  In vrung rats and rabbats this troatment leuds to an mercase 1
the volume of 1k t tissue and an wena e w msulm content of the pancrers
& ph nomenon which VMarks and Young™ pxrbed to n pacr trapn
fretor in the exteact  In the toad injection « [ pitaitars extract cramplan
tation of antcnor prtwtars has no dibetogenic effect when the pancrew
1omtact, but leads to marked mercase inoseventy of panereatic diabetes *

Punfied growth hormond 1s duibe Ogene m the mtact adule dog and cat
but not i the pupps or hatten I other <pectes 1ts effect 1« varble

e interesting spectes differcnees ane probably ruited to sumibar differ
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&rees of de;,uuntmn from degrmuldnun wd Indmpu Aange 4, Itas of
ce]t Membrape Prknoy, nd fmgmentdtmn of tueley ind Complety o,
APpearance of cells These author, Conelyde that the sonsmut,} of the
Beells of map s €Omp irable ¢, that of stsceptible Ammal, gng that Waxap
shoulq not b, erpeuto agent

It <eemq clear that e diabetes Which folloy g Mection of alloxan
due essentially 4, Partia} p'mcrmtoctmn) induced b chemyeq, meang

e

termg eluco € Withoyt nﬂ'ectmg COUrse of o, 1€ action of alloxay
1S not mediteg thr etther the Ditwtary o drengls Since it 3y effectiy e
Hter remg, o se gl 13 effect 15 said Dreiep, by pre-
Minar, hgation of ¢ Pncreaty, duct f,, reasong which ape 1ot cleay ¢203
s 2 ang Werthe, nnn (Mﬁculty n the
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Wthors g th b, echamsy,g (. selectiye o, Umulation
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sl Struc tyr, and chenney) Properties ¢, alle xap This dinhetes
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ptuttary diabetes @707 Fipally 1 1937 Young” made the mportint
observation that daily mpections m dogs of amde (atrets of anteror pitw
tary over a penod of weeks would lead to 1 permancnt diabetic state which
persisted after discontinuance of the myections  Richardson and Young™
deseribed lesions of the islets in such dogs

"The physiology of prtwitary diabetes 15 complex wd his recently been

resiewed by Tukens ' Young " and Bennctt and 1 vans ¥ to whose papers
the reader 1s referred for further details  The thyrotropie Inctogenic and
gonadotropic factors of the antenar prtuitars appe s to have no diabeto-
geme effect and the production of diabetes seems to depend on a combint
tion of the growth and adrenotropic hormones  Recenth 1t has been shown
that purified growth hormone at least m some anunils 15 1 more potent
diabetogenic agent than 4C1H W ™7 The mechanism 1 obscure but
seems to involve both suppressed utibzation and overproduction of car-
bohydrate Inhibitron of hexohinase may play a part in the process 77

When a dog 1s given daily injections of a switable <rude wqueous extract
of anterior pitwitary  hy perghscemin occurs seociated with a progressive
Tons of grnulation m the 8 cells 2 process whech requires about seven davs
to reach 1ts maumum At about this time hvdrope change (gl cogen®)
appears The diabetes 1s now reversible and i injections are stopped
Ttecorvers may occur and the granules may reappaar in the g cells  If how-
ever the inyections are continued permanent diabetes (called  methy po
Physeal diahetes by Houssav and Young'?) witl wsuilly ensue m two to
four weeks Thereafter discontinuance of the mjections does not affect
the diabetes and when the panerens 15 exammed the nlets are found to be
small and compased alinost entirely of a cells A~ 1n the drabetes following
subtotal pancreitectomy hyvdropic (hinge may be seen i the epithelnt
cells of the small ductsalvo andn the early stages mitotic figures 1nay be
seen i these cells as weli na i the g cells 7 Hyahmiz tion of the wlets has
beun recorded? 97 but is excecdingly rare 1m contrist to the human diseasc
Intercapilliry glomernlosclerosss I vs been dest ribed 1 the kidnens of o dog
mamtuned in the diabetic state for five ye s »

The ameliorating effect of pitmtary extrict m atloxan diabetes 15 ob
served by Ogilues?®® and Cavallero® his not been eluciduted 1t 1 per
haps due to a pancreatropie agent (the growth Dictor?)  Nam spxeres of
wmm ik do not respond with diabetes to the mjection of wtenor ptut iy
extract  In young rats and rabbits this treatment leads to an incrense i
the solume of 1fet tissue ind an increase m msuhin content of the pincreas
* phenomenon which Marks and Young® aseribed to 1 pincreatropic
factor i the extract  In the toad mjection «f pitwt sy extrict or implsn
tation of anteror prtuttary has no diabetogenie effect when the panereas
1antact but leads to marked increase 1n sevents of pincreatic diabetes *

Punfied growth hormone 15 dibetogenic 1 the intact adult dog and cat
but not 1n the puppy or htten In other species its effect 1> vanable
These. mteresting spectes differences are probably relyted to simlar differ-
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grees of degenerstion from degranulation an 1 hvdropie dhiange to los of
cell niembranes pyhnoss nd fragmentation of nucler wnd complete di
appetrance of celly These wthors conclude that the sensiti ity of the
8 cells of man 1s comparable to that of susceptible anymals and that allosan
<hould not be used as « therapentic agent

It seems clear that the diabetes which follows mjection of allovin 1
due essentialls to partial pancreatectomy mduced by chemical means
However the exact mechamsm of action of the drug on the 1lets and the
cse of 1ts remarhable speaifierty for the 8 cells are unknown®7t Ag
noted above the effect of alloxan occurs within five minutes after mtra
venous injection s shown by 1ts rapid disappearance from the blood and
by the prevention of its action by clamping the pancreatic vessels Its
effect 15 clearly not due to the triphasic blood sugar curve deseribed aboyve
since pres ention of the imitial hy pergly cemic phase (bv msulin phlorhizim
or other means) does not prevent the lesions of the islets or the ensuing
dhabetes likewise the hypoglycemic phase may be prevented by admns
tering glucose without affecting the course of events The action of alloxan
15 not medsated through either the pitwtary or adrenals since 1t 15 effective
after removal of these glands Its effect 1s said to be prevented by pre
Timinary hgation of the pancreatic duct for reasons which are not clear ¢

As stated by Bruckhmaun and Wertheimer 27 The mun difficulty m the
eluad 1t1on of the mode of action of aloxan lies i our lack of knowledge of
the specific brochemical processes of the target tissue the islet  These
authors list three possible mechanisms (1) selectine accumulition m
tovic amounts of the drug by the 8 cells (2) competition with a structuralls
sumlar compound for an enzyme with resultant disorgamzation of cell
metabohsm and disintegration of cell structure (3) specific reaction of
alloxan 1n the 1slet cell with or without 1 specific accumulation as eg by
nactivation of an enzyme system concerned with n ulin synthesis  An
excellent discussion of these theoretical considerations 1s gis en by Lazarow !
(see also Chapter 2) and Houssay® presents 1 detatled di cussion of the
role of snlfur compounds m carbohy drate metabolism

Of greit interest 18 the recent production of ditbetes with dehydroas
corbie 1ad 1 substance which oceurs naturally 1n the bodv and which 18
avmler o ~rachare and chesntesl properties to allovan Thu dnbetes
tan abo be prevented with glutathione wd related compounds © %

On the supposttion that alloxan may act by combuung with z'f:“'
Tadota® has tried other organic subst inces reacting with zine and his
clumed suecessinl production of diabetes m rabbits with cane ani d;:lue
zone 'The hustologic il changes i the wlets are sad to be smtlar to thos

¢
pr:;;:rl;);lg:e:;‘s —In 1927 Johns O Mulvenns Totts md Iﬂuxh;o‘;:
described a temporars ditbetes following the mjection of an extr.\cltg(; ik
wteror lobe of the pituitary in dogs  This report was follow e:xnin cm; "
prpers from three different groups of mvestigators on the produ
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prtrstary ditbetes #7070 Fmally i 1937 Young? mude the amport it
observatton that daily mycctions sn dogs of trude extracts of mterior prtw
tary over 4 peniod of wecks would lead to a permanent diabetic st ite which
persisted after discontinuance of the injections  Juchard on and Young®
descnbed lesions of the 1slets 1 such dogs

The physiology of prtintary dabetes s comples ind hes recentiy been
restewed by Tukens ' Young ** and Bonnctt and Iy ans © to whowe papers
the reader 1 referred for further det ul>  Fhe thyrotropre lrtogenc and
gonadotrope factors of the anterior piturtry appetr ta have o disbeto-
geme effect and the production of ditbetes seems to depend on a combina
tion of the grow th and adrenotropic hortaanes  Recentds 1t has been shonn
that punfied growth hormone at least m sume ammals 15 2 more potent
abetogenic agent than ACTH®* %% The mechantsm 13 ahscure but
seems to tvolve hoth suppressed utihzation and otcrproduction of ear
fohydrate  Inhitation of hevohmase may plav 2 part in the proces, 77

When 4 dog 13 given duly myections of 4 smtable crude rqueots extract
of antemor pitwitary b perglycuma occurs avwated with 1 progressne
foss of gr inulation 1 the g cells 3 process which requires 1bout sven davs
10 reach ats masinuny At about thys tme hvdropie change (ghcogen®)

appewrs  The ditbetes 15 now reversible wnd 1f injections are <topped
rec f 3 s e
e
ph
four weehs  Thereafter diwontinuancee of the myectsons does not affect
the diabetes and when the prncreas 1s exanuned the sets e found to be
smalf and composed almo ¢ entirely of o cefls A the dirbetes following
ubtota} pancreatectomy hyvdrope change muv be seen m the eprthelial
cefls of the amall duetsalvo andin the earh stages mutotre figures may be
sten m these cells 1y wefl 1san the B cedle ™ Hy thmzwou of the s has
been recorded™ ¢ but 15 exceedingly rare m contrast to the b w w dsease
Intercapihiny glomerulose lerosts has been described  the ki Iness of a dog
wamtuned m the diabetic state for five years

The amehorating effect of prtuitary extruct e alloxin disbetes s ob
wrved by Ogiliret® ® apd  nalleros® has uat been etuesdated  {t 15 pore
h1ps due to a pincreatropic sgent (the growth fictor?)  N\im \peries of
anmmn ik da not respond with diabetes tu the nuection of nterior ptmtaey
extract  In young rats and rebbits thi treatment Jids to an morease
the volume of 1slet trssue it an meren € inansuln content of the pinereas
a phenomenon whh Varks and Young* wtbed to a provw wrope
factar in the extract  In the toad mpection of pitwit vy extract or waplan
tation of anteror pitwitars has no ditbetogenic effect when the pancreas
wiutact but leads to warked mcrense in <cur‘m of p'ml‘l"f‘a(lc. dithetes ®

Y.
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grees of degeneratien from degranulation and hydropre dinge to s of
cell membranes pyknosts wd fragmentation of nucler nd complete dis-
appearance of cells These authors conclude that the sensitry 1ty of the
8 cells of man 1s comparable to that of suseeptible anmmals and that alloxan
should not be used as a therapeutic agent

It seems clear that the diabetes which follows myection of alloxin )5
due essentially to partial pancreatectomy induced by chemical means
However the exact mechamsm of action of the drug on the islets and the
cause of its remarhable specfieity for the 8 cells are unhnown??" As
noted above the effect of alloxan occurs withm five minutes after mtra
venous mjectton s shown by its rapd drvappearance from the blood and
by the prescntion of its action by clamping the pancreatic vessels Its
effect 15 clearly not due to the triphasic blood sugar curt e described above
smce presention of the iitial hypergly cemie phase (by tnsulin phlorhizin
or other means) does not prevent the lesions of the slets or the ensung
diabetes hihewise the hvpogly cemic phase may be prevented by adminis
tering glucose without affecting the course of events The action of alloxan
15 not mediated through either the pituitary or adrenals since it 1s effectine
after removal of these glands Its effect 1s said to be prevented by pre
Iminary higation of the pancreatic duet for reasons which are not clear &

As stated by Bruckmann and Werthemmer,® The mam difficulty m the
elucidntion of the mode of action of alloxan Lies 1 our Iach of know ledge of
the specific biochemical processes of the target tissue the 1slet  These
authors hist three possible mechanisms (1) selectne accumulition
toxic amounts of the drug by the g cells, (2) competition with a structurallv
similar compound for an enzyme with resultant disorgamzation of cell
metabolism and disintegration of cell structure, (3) speatfic reaction of
alloxan 1n the 1slet cell with or without 2 specific accumulation as eg by
nactivation of an enzyme system concerned with msulm synthesis  An
excellent discussion of these theoreticl considerations 1s g en by Lazarow!
(see also Chapter 20) and Houss1y® presents 4 det uled discussion of the
role of sulfur compounds m carbohy drate metaboltsm

Of gre1t mterest 15 the recent production of diabetes with dehvdroas
corbic ad o substance which oceurs naturally w the body and which 1
armlar m srectune ad dhesmeat properties to allexw Tl dal etes
< al o be prevented wath glutathione and relwted compounds ©*

On the supposition that alloxan may act by combining with zinc
hadota® has tred other orgame substanees roeting with zme and };‘M
clamed successful production of diabetes m rabbits with oune and dlllt 1
zone The histologic 1l changes in the islets are sud to be symilar to tho e

ced by alloxan o
p"l)’(iru.\t:ry Duabetes —In 1927 Tohns O Mulvenms, Potts and I.nu‘g:;(;rll‘e
described a temporiry diabetes following the mjection of an 2;"“]93" b
anterior lobe of the pitwitary i dogs  This report was Inlllon m:;:wm; g
papers from three different groups of miestigators on the pl
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mtwtary diabetes® % Tnally m 1937 Young’ made the import nt
observation that daily mjections in dogs ot crude extricts of anterror pitut
tary over a period of weeks would lead to a pcrmanent ditbetie state which
persisted after discontinuance of the injections  Richardson and Young®
described Jestons of the slets in such dogs

The physiology of pituitary diabetes 15 complex and his recently been
reviened by Tukens® Young! and Bennctt ind Fyans ® to whost papers
the reader 15 referred for further detals  Lhe thyrotropie lactogeme and
gondotropic factors of the anterior pitwitary apperr to have no diabeto-
geme effect and the production of dizbetes seems to depend on a combma
tion of the growth and wrenotropic hormones  Recently it his been shown
that punfied growth hormone at least m ~ome ammals 13 a more potent
drbetogenic agent than ACTH # 7%  The mechamsin 13 obscure but
seems to ivolve both suppressed utilizition wd overproduction of ear
bohydrate Inhibition of hexokinase may play & part in the process 7

When « dog 1s given dauly wjections of a swtable cude 1queous extract
of anterior piturtary hyperghvcama occurs wsociated with a progressive
Toss of grnulation 1n the 8 cells a process which requires 1hout seven davs
to reach its maumum At about this time hyvdropie change (glscogen™)
appears  The dibetes 1s now reversible and if injcctions are  topped
recovery may occur and the granules may reappear in the g cells  If how
ever the mjections 1re continued permanent diabetes (Called  metahy po-
physeal diabetes by Houssav® and Young' ) will usuilly ensue m two to
four weeks Thereafter discontinuance of the myections does not affect
the diabetes and when the pancreas 15 exunmed the 1lets e found to be
sml and composed almost entirely of acells  As i the dibetes tollowing
subtotal pancretectomy hydropie change mts be seen i the epithehal
cells of the small ductsalso and in the earls stages mitotic figures miy be
seen in these cells as well 151 the g cells * Hy slmzation of the lets hay
been recorded™ ¢ hut 1s exceedingly rire m contrist to the human disease
Intercapillary glomerulosclerosis has been descnibed 1 the hidness of a dog
matntuned i the diabetic state for five veurs ™

The ameliorating effect of prtwtary extract m afloxan ditbetes 15 ob
served by Ogihiet? 50 and Cavallern* his not been elucidated It 1s per
hps due to 1 pancreatropie agent (the growth factor?) M spraies o
ammals do not respond with diabetes to the mection of anterior pituitary
extrict  In young rits and rabbits this tretment leids to an merese n
the \clume of 1slet tissue ind an mncrease in msulin content of the pancreas
2 phenomenon which Varks imd Young® iscnbed to a pancrestropie
factor 1n the extract  In the towd mjection of pitmtars estract or implan
tation of antenor pitwitary has no drabetogenic effect when the pancres
Wintact but leads to marked tncreise m severity of pancreatic dithetes ¥

Punfied grow th hormone 1s dibetogetne m the mtact adult dog ind cat
but not in the puppy or Ntten In other «pecies its effect 15 varble
These wnteresting species differences are probabls relited to smubr differ-
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s 1n the response to putid pancretectors which in
be correlated with the habsts axl\)d environment of the ﬂm::lr;lﬂir Serhm\

Lukens and Dohan® ¥ were gble to produce dizhetes m cats m which
one half to three fourths of the pancreas had been previoush remosed
The pathological changes were similar to those m the dog but the phase of
hvdropre ehange persisted for about theee months before the cells disin
tegrated and the diabetes became terev ersible  There 25 thus 2 considerable
penod in case of the cat m nhach procedures designed to cure the diz
betes may be tned  During this three months Lukens and Dohan® vere
able to cuse disappearance of dirhetie symptoms and restoration of the
islets to practically @ normal state by means of (1) msubm (2) phlorhizm
(3) diet and (4) adrenalectomy  After the permanent phase of atroph
of the isfets had supersened treatment was of no avarf

The pathology and prthogenesis of pitwtary diabetes have been eare
fully studied by Ham and Hust ™ These authors noted the resemblance
of the fesions to thosedeseribed by Allen'?follow ng subtotal pancreatectom)
and hhehin postulated excessive function due to some unhnown stimulus
as the effective cause of the degranulation hydropic change and final
disappearance of the B eells  Ham and Hawst suggest that prtutary extract
mat merease the need for mnsulin by promoting o\ erproduction and under

Ve

tho nan

r
are tmolied m the sequence  an ewrly phase, due to mereased need for
msubn and the late permanent phase due to deeresed production of
nsubin (these would correspond to the idio- and et tvpophvseal t1pes)
Dyabetes could thus be considered 1n esther case as due 1o increase of the
ratio of instihin need to wmsubln production

Luhens and his co-norhers hate submitted evidence that by pergh cemma
may be the effects e stimulus to the § cells  Thes find that the lesions of
the § cells can be presented if the blood sugar 1 hept at normal levels and
that the hvdronie change can be reversed by procedures that reduce ‘the

that stnce hoth can be used to cure prantart dsabetes gl e v v
son8 1 the easly stages it 1 lihely that the level of the blood sugr 14 2
major factor it damagmng the slets And yet as 1 uhens® pomts out m 8
more recent pper 1f this be true i¢ s aot clesr nhy more gases of humn
diabetes do not merease m seventy nor why the metahvpophy sedl diabetes
of dogs does not get worse  Furthermore as noted abore, Duff and Tore-
son® have shown that sasubn will reverse hydropie change 1n alloxan dia

- 1 reviened recenth by Hous
uges ma be seen cheally m
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byperthvrowle m wnd may follow thyroid feedmg m imimilh permanent
diabetes has not been produced by this method m intact ammals  However
when the resistance of the pancreas has been reduced by partial pancrea
tectomv admimistration of alloxan * or anterior pituitary estract the
feeding of thyroid will then either intensify a pre-existing diabetes or induce
the diabetic staite  1f the pancreatic tissue 1s reduced m an amimal by re
moval of & 7 or 7/8 of 1ts mass insufficient in 1tself to produce diabetes the
ammal 18 sensitized to thyroid treatment which may then lead to hyper
glycemia ghicosuria and ketonuna s treatment 1s continued lestons of
the § cells of the 1slets may appear consisting of loss of granules hvdropic
change pyvhnosis and cytolysis In the early stages asin some other forms
of experimental diabetes these lesions are reversible and cessation of
thyroid feeding leads to recovery of the ammal  This stage 1s called by
Houssay  thvroid diabetes  If honever the feeding of thyraid 15 con
tinyed over a period of several weehs the lesions may become irreversible
an{ the diabetes may remamn permanently even though no more thyroid
begiven [his permanent irreserstble phase Houssay terms  metathy roid
diabetes 1t 1s charactenized by complete degeneration of 8 cells  1hs
phase of the dinbetes becomes progressively worse presum ibly due to the
continuing gradual destruction of the 8 cells

‘The mechamisms imvolved m the first or extrapncreatic phase of

thyrod diabetes  are obseure but m1y be related to the abalits of thyvrad
extract to merease intestinal absorption of glucose and to decrease liver
gheogen Later i the metathyrold stage 1 permanent pincreatic
diabetes ensues (as i pituttary diabetes) presum bl due to the mjunous
effect on the g cells of the long-continued hyvperglscemnn or of fact r
mtimately assoctited with the hy pergly cemia

Adnunistration of Glucose —The constint assaaty u of hyperghcemey
with lesions of the g cells produced by any means other than loxan has
been noted nbove Recently Dohan and Tukens® * hune succeeded 1n
producing hydropic change of the 8 cells and penmanent diabetes 1 eats
solely by admimstration of glucose Although this work 13 as vet uncon
frmed s impheations are of such importance that 1t 1 meluded here as
fourth method for the production of perminent diabetes  Thest with ery
using both normal and pirtialiv pincrettectomzed cits were able by
menns of repeated 1ntrapentone il injection of 20 per cent gluco e m saline
to produce sustaned hyperglyeenun and hydropic change of the 8 cells
They report anmals (both nommal and pirtidhy depncreatized) mun
tamed 1 hypergh cemia for perods varving from several das to several
weeks  The development of 1let lestons was related to the degree and
particalarhy to the duration of the hy perglycemin One normal amroal was
hept n o hypergh cemic state for thirty nime davs and remained sexerels
diabetic until twenty two davs after the last injection when 1t was saer:
ficed whule in dinbetic scidosts
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The question of whether the des ated blond sty stmufates the § e
to the pomt of fune tioud exhaustion or whether « e other mechint m s
mvolied remains to be anssered  The author pomt out that after the
devefopment of by perglycemmn this type of diabetes 13 quite simibar in ats
course to prtwitary diabetes  Honever in the mitial stages there are certan
ifferences as follows  In the first three or four davs before lestons of
the islands appear crude anterior pitwmtary extrict lowers the R Q m
hubats the action of msubin on the blood sugar promotes hetogenesrs and
thyroid and adrenal In perplavia orcur  Lhere 1 probably a direct whin
tion of the sceretion of wn ulie and the msulin content of the paerew 1
reduced Incontrast the admmistration of gluco e mtrally ruses the R Q
wcereases the efficlency of mjected suhn 15 wmtihetogense and 1w not
accompanted by thvrord or adrenal hyperphisin  Furthermore glueo e
stumtdates wsubin <ecretion and carhohydrate diet mamtams o high
subn content of the pncsens % (See aleo the more recent diseussion of

hy perghvcenma by T ukens ¥

METHODS OF PRODUCING TEMPORARY DIABETES

There ave of course hods for productn, a temporary eleva
tian of the blood sugar {e ¢ varous drugs and hormones the prguse expert
ment of ( laude Bernard ) T our of these scem of sufficient theoreticil in
terest to be mentioned briefly

Duabetogeme Activity of the Adrenal Cortex — \ possble dnl etogeme
effect of the adrenal cortex was Jong <uspected beause (a) adrennlectomy
dimrmushes the seserity of pancrettic dimbetea in certain anunals {8) con
versels admmistration of adrentt cortieal extract to anupab kg 2
pancretic ditbetes previously attemrated by adremalectomy or by pophs see
tomy ncreases the seventy of symptoms nd (¢) chmeal dribetes 15 often
wswociated wath overactivity of the adrenil cortex as eg m Cushmgs
wwudrome and the Aehard Thiers svndrame or in 1ssoct stion with adrenal
rortical tumors # %

Wheu punified adrenal cortical harmone~ and the adrcnotropic hi rmones
of the pitwitary became avahible a conmderabl Stimulis W poen 1o
wttempts at producing expertmental diabetes with thes sub twees He
¢ oy genated advanil cortic al sterods seem to act by <tynul g gl
<oneogeneas from protem snd probably also by mbibitig the utrhzition
of carbohydrate In ap effort to detcrnune the relative import nce and
possihle mteraction of these two factors Ingle ot al® turhed the effects
msubm nith particular reference to mtragen everction m sntact ammak

guven adrennl cortieal sterords and in depancrentized smmals 1 he results
resistance to wstlm

of the study wcre tifficult to wterpret due to the high

shown by t{xe ammals sith adrenal sterosd dinbetes The onfy sport of
Jesions of the sslets 1 this type of experiment 19 as far 1s we are aware that
of hoberch and More ® who found stuhing hsdropie change (gheogot)
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1n the nlets of rabbits given cortisone  We have been able to confirm thyy
absers ation in the ribbut (see Figs 13 14 and Plate ITE) *

OF great interest 14 the recent expenmental productton of tanporir
diabetes i human volunteers by the intramuscular admmistration «f
purified adrenocorticotropic hormone for several days ® * Not only hyper-
ghycemia and glycosurin have been produced but o dibetic glucose

P
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relationship between uric acid and alloxan the fact thit allovan causes a
fall m blood glutathione and the recent experimental work of Griffiths # 1™
who produced hyperghycemta m rabbits by first lowering the blood gluty
thione by deficient diet and then gning urte aad ntripentoneally (se
belou)

The mechansms underlving the metabobic changes produced by dreno-
corticotropic hormone 1 man are obscure It <eems clear that mcreased
gluconeogenesis from protein does not explun the whole picture there 1p
pears to be a general decrease in the ability of the tissues to dispose of glu
cose normalls  Conn ef af % suggest the possibility  that 1 heightened
wtracellular production of uric aeid and its mtermediames produced by
wrenocorticotropic hormone together with a fall of the loyvels « f glutathione
and perhaps other sulfhydryl bearing subst inces may dimimsh enzyvm i
production or release of pancreatic msulin

Estrogens — Apparenthy estrogens may have a mildh diibetogeme effect
1 depancreatized ammals of certamn species ™ ' but evidence 15 con
flicting 1221 %

Unc Acid Disbetes —In two recent as vet unconhrmed reports Grif-
fiths? 1 describes the production of hyperghcemia hsting four or five
davs by the myection of une acid mtripentonells mto ribbits m which
the b« ghutathione had previoushy been lowered by a diet deficient in
methionine and evstme  The il hlood sugar curve was sud to resemble
that produced by alloxan These results if confirmed would be of con
suleruble theoretical mterest 1 view of the lowering of blood glutathione
which foll s the njection of alloxan the prevention of the action of alloxin
by glutathione and the effects of tdrcnotrope hormone on uric aerd and
glutathione cited above

Collins Witlims and Batley™ were unble to confirm Gnffiths results
The suggestion of Griffiths'™® that thiy ma have been due to their use of
1 anemic breed of ribbits does not scem entirely eonvincing Grunert
and Thallips ® found thit urie 10d Was not diabctogenic i rats on a diet
deficint m methiomne and sodmm  Fhey admit that they were unable
to manipulate the diet <o as to produce a low glutathione level m both
blood and Iner (pre<um ihly necessary for unc neid to be converted to an
Allexan ke substanee in the hser) but ate unpublidhed work of their vwn
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n which une eid was found to be converted
by the livers of sulfhydry l-deficient rats el to lhnton

Expenimental Obesity —It has been shawn that experimental obeuts
produced by hypothalamie lesions™ may be associated with diihetes 17
thus producing « striking parallel with the known 1mportance of obewty
man

Summary —As noted at the begining of this chapter 1t seems cler that
Wl forms of permanent 1rreversible experimental diabetes are associated
with and dependent upon lesions of the 8 cells in the rslets of I angeth ths
The vanous methods for producing diabetes 1 the expermmenta) animal
may be grouped according to whether the dumage to the wlets 15 (2} pr1
mary or (b} secondamn

In the first group helong total and subtotal pinerestectoms wd alloxan
diabetes which 1s essentially chemieal pancreatectoms with respect to the
Bcells  In these cases there 15 a direct and 1mmediate reduction of the tot

LA [ .t daw

In the secondary group mv be placed the experimental diihetes pro
duced by anterior prtmtary estrict thiroid feeding and the admmstry
tion of excessi e amounts of glucose  In these cases the ditbetes 14 1t first
temporary nd reversible and if the exerting agent 1s discontinued during
the early stages symptoms disappear wnd the animal returns to an yppar
ently normal state This mav be termed the extrapancreatic phase dunng
which the 8 cells mas show the reversible hidropie change (gly cogen)
due perhaps to the effect of an increased need of the tissues for msulin  If
however the admimstration of the exeiting agent 13 continued for 4 suffi
cient length of time a permanent panereatic phise ensues accompamed
by Iy s and disappear inee of the § cells

Thith respect to this <econdary group 1t 15 noteworthy not onhy tht the
<ame ty pe of fesion m the 1slets 1s produced by a v wnets of agents but ko
that there 1s one fictor common to all and appirently essential namel
prolonged hy pergh cemia. When this1s prevented ashy starvation or phior
hizin damage to the 1slets does not oreur  Conversely 1f the blood sugar
15 elevated by a high carbohy drate diet or other meuns the lestons of the
8 cells are accelersted and intensified It seems probable therefore that
ther the hapergicemi rteelf ar some factor constanth ssociated with ot
13 responsible for the lesions Howerver the problem s 1 complex one and
by pergh cemia alone max not he the answer ® The work of Duff and
Torirocom 2 mited above 1n which reversal of hydropic change m affoxan din
P

1
Also the important question of the roe ol Braw u
hormone the hy pergly cemie-ghycogenolvtic (H G) factor, 1s yet to be elu
cidatedos 190 (see next chapter for further discussion)
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Chapter 26

ETIOLOGY AND PATHOGENESIS OI' DIABETES

Tas difficult subject 1s ably discussed by Varble ! Long 2 Mir &y 34
Soshin 8 Himsworth * Luhens 7 # Walder ® and Thorn and 1 orsh 1m 10 Peters t
wisely cutions agamst drinmg too histy generdlizitions from nmal
experuments regrding the pathogenests of the disen e m man

However diverse the underly ing etiologica fictors mw be at 1s probable
that dinbetes mellitus has one iomediate ciuse msulin deficency  This
defieiency may be actual through lessened productim through neutrilire
tion of msulin by hvpothetical substances by failurc of msulin transport
from the islinds orit mav be relative througls incre wsed dem ind or through
msufficient facilities for the formation and storige of ghecgen  1his o
suceinethy stated by Long" asfollows It 14 probibly correct tosts thitthe
contmunnce of the disorder of met ibolism Rtiown 1s dint etes mellitus rests
on a disproportion betneen the requrrements of the orgwtsm for msubn
and the capacity of the islets of Langerhans to mect this demand — This
15 not to say that diabetes 1s a disorder of carbohs drate metaboli m lene
nor does 1t wnphy that msulin 13 the onb hormone and the pancress the onky
gland involved m the ssndrome  The ey r role pluved Iy the Iner
regulting the blood sugar and the «pp wrent antagomsm between the ante-
rior pitmitars and adrenal glinds on the one hand and the pimereas on
the other are emphasized especially by Soshin ®

THE PANCREAS

The esvidence 15 overw helmmg that whatever the distributica «f apsulin
1 the tissues whatever the posstble sources of supph  the islands of the
panerens are of outstanding taportance for nsulin production In fact
1t now seems reasonably clear from the recent work of Wrenshall ef of !
that the extent of granuliticn of the evtoplism of the 8 ll 15 desely re-
tnted ta the pricreitic content of weulin sugge tng strongls 1t the B
granules actuallh represent stored tnsuln H this Le true 1t 13 naturd te
Tooh first for lestons of the slnds and particululy of the 8 cells i dnbetes

At one end of the <cale we have the relatnely eraly understond Cues
of diabetes developing after extensive destructicn of pancretie t1 ue
either suddenly (and rarels) asn acute pncreatitis or gr Wl asan
hemochromatosss At the other end we have the cases so diffieult of c(h
planation 1 which the vanous orgins are apparently normal althoug
e dbetes 18 sovere  However even here msulm deficieney 1s demon

(200)
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that msulin requirement 1s not the onh nor necessirtly the mest vahd
eriterion of the sevenity of dibetes (See further discussion on pige 206)

The mechamsm by which selective destruction of msular fissue t1hes
place 1s obseure vdropme chinge (gl cogen infiltr 1tion®) of the 8 «dls
15 the chiracterstic lesion of exporimental divbetes 1o matter how pr-
duced ind sccms to he wsocrated with if not caused by by perghvcemn
espeetilly 1 view of the fact that the admumstration of excessy e amounts of
glucose alone will produce the lesion (howeyver the effect of by pergh cemat
eannot be reduced to & sumple formuln (see below) The emphasts of M-
>ky? 4 and others on the ranty of this lesion m humnan diabetes would seem
to have little relevance smee obvioush experimental conditions do not
obtan and the stunulus whitever 1t may be probably acts over a period
of vears rather than d s or weehs  Lurthermiore 1t 18 rare that a fresh
newh dwseovered ¢ase of dibetes (e the type m which one would expeet
hyvdropic chinge) comes to autopss Al if it he true as the work of Duff
and Torewon'® suggests that msulm <an reverse this change even m the
presence of hypergh cainia then one would expect the lesion to be rare m
treated prtints

Speculntion concerning possible causes for the selective destructim of
B8 cells in the wslands (see Chapter 3 for evidence that 8 cells are reduced in
number 1n mam cases of diabetes) was greath stimulated by the findmg
that alloxan n proper doses ¢iuses such destruction (see Chapter 23)  The
possible role of alfoxan or a clo el related substance 1 the etiologs of

dibetes has been elborated particularhy by Tazarow 2% Thrs author
- loe A £al bathoane o Tnnis-

observations he suggests that the speelization of the § cells for msunn
svnthests may result in 2 localized depletion of glutathtone in these cells
He pomts out that msulin 15 12 per cent ¢y stine and depends on the 35
group for its activity and that the evstine can be formed by oxidation of
cvsteme which 1s also a constituent of glutathione  Because «f this situs
tion there m1v be competition for the ey stene reiching the 8 cells smee
1t 13 ysed fcr sy nthesis of both insulin ind glutathione A« a consequence of
this competitin Lazirow suggests there may be less evstme » 'nhhle}n
the 8 cells for glutathione svtithesss than s the ease with other colls It
hnc 1 oon firther calculated that if the cyateme contamed i glutathione

theses I a (Lagrai Jepita e« ™
blished a detaled and well-documented surver
ds to carboln drate metabolism wnith
nzymes and the

Tiis summed up these hapo

Houssay™ has recentls pul
of the relation of sulfur compoun
particular reference to glutathione the SH-contumng e

effects of alloxan
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Hesghtened iterest n the posable rofe of alloxam (or 2 dosely related
compound) was al-o provided by the expermental worh of Griffiths %2
wha has cluned to produce dihetes i rabhits with uric acd after pre-
Itmnary depl tiou of the ldood glutathione lex el by means of & diet deficent
1n ¢y stine and methtomne but contaming hrge amaunts of ascortie acid
(See also Uhapter 23)

Conn % 27 an the hasis of hus spectaculzr worh m producing a temporary

. B 3 s

METABOLISM OF BETA CELL

BLOOD

Mﬁ(‘;)“ﬁ‘lbs ESOTHER AMINOG ACIDS
+ e INSUUN— L
\

CYSTEINE o> CYSTEINE VAR
4 / 5
i /% Y
GLUTATHIONE
6SH /

INSULIN
STORAGE

Fio 111 —~Metabohvm of the 8 cell according to Lazarow  (Repro b ¢ 1t ¢ iirtess
of Dr Arool 1 Lazaraw frcm Physioloqeal Reviews 27 48 1919
Amina-ci bn ncluding evtane cater the @ cell from the blood  There eystone i

.

ure snactivated Dy alloxan de wdls way not onhy L thur capaaty £r syathesize
stulin Put e cells themedves say dio bocnus they are upstle (0 carn on baa
m tabali funcuons

“Secordng W some vestig 1ors ¥ no devition from the normal has
becn demonstrated i the uric aed and glitathione fevels m the blood of
dubetic prtients  However, Houss u® aites several Furapean writers who
found a decreve

Leedhs and Marble® haive studied the total Bdroluzable (ystine n the
hlond serum of 52 dinbetics snd 23 normal pitients  The drabetics showed
a trend toward & decreased total cvstine 1n the \crum ¢ 1 whole and 1 the
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that msulin requirement 1s not the onlv nor necessanily the most valil
criterion of the sevenity of diabetes (See further discusston on page 206)
The mechamsm by which selective destruction of meulir tesue tikes
place 1s obseure  Ihvdroprc chinge (gly cogen whiltration®) of the 8 ccdl
15 the characteristic Jeson of experimental diabetes no matter how pr
duced and seems to be assouated wath of not cwsed by hy pergh cemtt
espectilly m view of the fact that the administr ition of excessis e smounts of
glucose alone will produce the lesion (however the effect of by pergh cemi
cnnot be reduced to a simple formuly (see below) The emphasts «f Mir
sha?4 and others on the ranty of this lesion m human dibetes would seem
to have little relevance simce obvioush experimental conditions do not
obtain and the stmulus whitever it may be probably acts over 4 perot
of vewrs rather than dns or weehs  Turthermore 1t 15 rare that a fresh
newh discovertd e of dithetes (2 e the type m which one would expeet
Invdropic chinge) comes to wtopa Alo if 1t be true as the work of Duff
mnd Toreson ? stiggests that wsulin can reverse this change even in the
presence of Inperghscomm then one would (ypect the leston to be rare in
treated patients
Speeulation concermng possible ewses for the selective destruction of
8 cells 1o the 1s1ands (see Chapter 3 for evidence that 8 cells are reduced m
number 1n many cases of dinbetes) was greatly stunulated by the finding
that alloxan 1n proper doses causes such destruction (see Chapter 20)  The
posaible role of alloxan or a doselv related substance in the etiology of
dbetes has been elaborated partienlwh by Lazarow "0t This wthor
was responsible r demonstrating that a Iirge dose of glutethione a tmmts
tered Just before a dibetogentc dose of alloxn would protect the expert
mental amimal from developing diabetes  As a result of this and similar
observations he suggests that the spearilization of the g cells for msuln
svnthesis may result n 2 locabized depletion of glutathione in these cells
e powts out that msulin 1s 12 per cent cvstine and depends on the S8
group for 1ts actiuts and that the cvstine cn be formed by oxtdation of
cvsteme which 18 also a constituent of glutathione  Because ¢f this situa
tion there may be competition for the cvsteme reching the § cells since
1t 13 used for svnthests of both meuln and glutathione  As a consequence of
tlns competition Lazirow suggests there muy be less evstime as ailible ;ﬂ
the 8 cells for glutathione synthews than 1> the cise with other cells It
has been further calenlated thit if the cysteine contuned m glutathiene
could he mude v ulble for msulin sunthesss then the ssnthesrs of physio-
nsulim could deplete the g cells of glutathi ne and there-

1gic 1l amounts of m "
cel ararow
vmes  f these cells more susceptible to allovan

b render the ensymes i tible o alfovan Lararor

h !
h
. oe

particular reference to glutathione the SH-contuining enzvmes

effects of alloxan
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higher 1nsulin req than 1 ammals were able to
hive longer without msulin and d|d not develop hetosis and coma s a
result of their oheeryations these authers put forth the hypothesis  that
there 13 secreted by the pancreas a second endocrine factor which acts to
increase the blood sugir but to prevent hetoss in the msulin-deficient
aomml  More recently the I1 G factor has been studied by Sutherland
and ¢o workers® 73 and by Pincus ** ** Sutherland has recently reviewed
the subject coneluding that the factor 1s a protemn and in all probabilits a
hormone which rarses the blood sugtr by promoting gl cogenolssis in the
Iiner Sutherland and de Dut e were able to obtain the substance not only
from commercial msulin preparations but alsofrom the pancreatic tissue of
several species and from the upper three-fourths of the gastric mucosa of
the dog  Since they found a normal or increased amount 1n the sclerosed
pancreas after ligation of ducts (which destroys the acmnar tissue but allows
the 1slets to survive) and normal ameunts m the pancreas of alloxan-dia
beticamimals they suggested that it nas entirely possible that the substance
was produced by the « cells Thev noted however that the presence of
an apparently identical factor in the upper part of the gastric mucosa of
the dog rawsed the questwn uf spcuﬁm) unless 1t could be shown that the
IR n

T 4 aske

by this method #2 hence there must be some histochemical difference be
tueen the two cell ty pes

Gaede et al © have described a single dog to which some weeks after
ligating the pinereatic ducts they gave alloxan thus producing islets con
sisting almost sclely of « cells embedded essentinlly in fibrous tissue  From
this sclerotie pancreas they obtained an extract which raised the blood sugar
of a normal rabbit from about 90 to 119 mg per cent They explaned the
feeble rise in blood sugar by the small size of the 1slets and concluded that
the « cells were indeed the sources of the hy pergly cemic factor  Such an
ssolated observation though interesting 1s of course not conclusive espe-
enlly since no control obsersations on extracts of other tissues are offered
It 13 perhaps concenable that some nonspecific substance i the extract
having an epimephrine-lihe effect accounted for the shght nise tn blood
sugar obseried  However this seems to be the nearest approach to a

pure extract of a cells and seems to fit i witl the work of others
Lerner has set forth varions hy potheses 1 relation to the possible impor
tance of the H G factor and the total mnss of « cells i normal earbohy drate
metabolism and 1 relation to msulin resistance  Ihese speculations are
stimulating and thought provoking but are as vet unsupported by suff
cient evidence to make them aceeptable

Pucus  apparently with a stumlar hvpothesis 1n mind gave msulin
preparations with the insultn inactnated by heat and alkah to diabetic
and normal persons and noted the most marked nise n blood sugar among
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dbumm wd ghbulin fractions of the serum protan Al o 1t all ruges«f
serwn protein concentration the dibetics shoned a lower eystine protem
ratio than the normib These authors alvo found uang scdium sulfite
fractionstion tht 40 per cent of 40 fisting dibeties showed w Wt umtn
globulin ratio under 15 wlnle some of 19 normals had ritios 1s low  Therr
dabetic pitients showed further 2 strihing varability in serum ¢sstine
wnd <erum protan concentratrons and n the ¢y stine-protein ratio in con
trist to 1 remirhable constancy in the normal ndividuals studied  The
authors suggest that thrs varability may be related to the actinity of 1n
sulin and to the state of control of the dibetes at the time the blood stmple
was withdriwn - Fxperimental confirmation of these data was lent by the
finding of a low total cvstine and low cystme protemn ratio in animals with
drabetes produced either by alloxan or pancreatectomy and by the tend
ency of injected insulin to rarse the total cvstine and the cystine-protemn
ritios toward their orginal levels

To dite of course all assumptions concernung the mtracellitlar metabol
s of the 8 cell are Inghlv speculitive It s possible too that all such
hy potheses may have to be modified m the light of Toreson s * demonstrt
tion that mny 1f not all ¢ses of so-called hydropic degeneratin of tle
rshinds are due to actual intracellular deposttion of glycogen It 1s concen
wble as indicated el ewhere that the presence of this glycogen 1s sunphy
nonspecific munfestation of storage as occurs n mamy other cells of the
bodv  According to this pomt of view it would perhaps be no more
surpristng to find glycogen i the msular cells than to find 1t <1y m thens
of the eve (see Chapter 13) et experimental evidence suggests strongh
that n the 8 cells such glvcogen deposits are the earliest manifestations
of injury

Toreson' mikes the interesting suggestion that the glycogen mn the
1shinds and m the ducts mav be an indication of regenerative actnity A3
noted elsewhere Duff and Toreson'® have made the important obseryation
that msulin 1 small de es m rover e this change even m the presence «f
hyperglicemia  lhey conclude thit hyvponsulmemit is a much more
important factcr m produeing the change than s hy pergly cermt

In view of the newer work on the hy pergh cemiels cogenofs tie { 11 G)
tictor of the pancrers and the suggestion that tius hy pothetical )wrmolm
may be 2 product of the a cells 1t now seems necessary to go bey ond ft)”;
B cells m copstdermg the T le pluyed by the pamest v wn duabetes Int f-
“Murlin and co-worhers® noted the presence in extracts of pinereis of ’;
substance which would ruse the blood sugiwr and which they "“t“:;

glucagon ? Sueh a substance was encountered by various "“P\.:ﬁ:n:ls
1s & cont umnant of various American -md"( anadi i msubn pre}: G
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further subst intiation of thiy evidence occastonal nutotic figures can be
found 1n the cells of the youngur pigment free 1slands.

The pigment 15 not restricted to the wslind cells “but affects the acmar
trses ts well  The sime evidence of regenerstion 15 offered by the aan e
cells 29 by thow of the islands

The well-establishied esidence of destruction and regenertion of piren-
chymal cells in the ltver offers a strihing prelle! to the changes in the pan-
cres in hemachromatosts  Just as in the hiver the parenchymsl cells show
every stage from newly formed pigment Iree cells through those contarmng
hemofuscin and those contarmng hemosidenin to necsotie cells the sime
steps ¢ w1 be traced in the acnar and nland cell of the pancreas %

The pancreas n diabetes 12 not simply the serred field of an old battle-
ground but 15 the actual field of conflict It does not subont without a
struggle to injury  but endeavors to regenerate  This leads to the hope
that i young people with therr more resihient tissues proper treatnent may
remoze the cause of injury and Favor more or less complete restoratton of
the damaged 1slands

Arteriosclerosts as an ettologte factor in diabetes 1s not gnen much weight
1 most discussions of the subject  However Moscheonitz® holds that
hyperplastic and hyaline arternl lestons are more frequent n ol ler dia
betics partieulirly by pertensne ones than in nondiibetics of comparable
age and that lesions of the 1slands (fibrows and hyahnization) should be
regarded s a caphiry selesons extending from the wtenolar fewons

EXTRAPANCREATIC FACTORS

As noted at the outset an insuhin deficiency may be due to (1) actud
decrease 1n vutput of the pancrers due to a reduchion in the quantity of
sslet tissue or (b} excessive demand for or destruction of imsultn so that
even though the panerews 18 producing a normal or even supernormal
amount of insultm the supphy 15 madequate to meet the demind  The
latter conditton weems to cocur in the early stages ¢ f some Forms of expers
mental diabetes although as previousls emphasized pauereatic kevtons ¢ w
be demonstrated Iater and must be rey wrded w5 responsible for the poony
nence of the diabetic state Tt should be remembered thercore that many
of the socalled “extrapcrertie Fictors Iisted below cxert thetr effects
~coner or hiter directh or mndwrecthy upon the pincress  In fuct pan
aratie damge s prol ibhy cssential Jf a parmanent diabetes s to follow

The Pitwtary — A posul le role of the ptwitiry i human ditbetes has
been considered snee the <hissical work of Houssay m <howing the amelio-
rating effect of hypophysectomy on cxpertmentil dinbetes  The expen-
mental production of diibetes i ammals or man, whether by mewns aof
crude extracts ® purified sdronocorticotropie hnnmn ¥ %7 or punifed
growth hormont® # seemns to lead to arh « ( wdohypo-
physeal disbetes of Young) 1n e 8 cells can
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puunts with  labile  dinbetes  VMeQuarrie of af # Teport an mteresting
condition of  fumbial by poghy cemosts 1 which a cells are sud to be com
pleteh or hmost completely absent from the panere v
If <uch an a cell hormone exsts 1t mav of cource help to cxplun mm
previously puzzling observations such as the sinaller msuln requirements
of dogs with total pancreatectomy 1s compared with those h v ing a partial
pancretectom) * and the sunilaurl reduced insulin requirements of totalh
pancreatectomized man as compared with natural diabetes 1017
However the validits of mans of the experiments on which such con
clustons are bsed has been questioned recently by Mirshy of al4¢ Thet
hold that pancreitectomy i the alloxan-dibetic dog actualh produces
an aggruation of the diabetic state smce the hyperglycemia glycosurn
and hetonemra observed during a period of fasting and exogenous msulm
depris 1tion are greter after than before pincreatectomy m such an ammal
In am case the pathology of the panereas m diabetes cinnot be con-
sidered as static  As seen at any one time 1t represents a1 bilance struck
betneen the factors tending to produce degenerativ e chinges of the 1hmds
and the regenerative powers of the pincreas ‘L hat these latter are by no
means mnconsiderable has been shown by the experiment 1l worh of Bensley
and hus pupils and the obsersations of Boyd # and 15 evidenced also by the
not nfrequent occurrence of mitotic figures 1n 1slands when the epithelum
has been njured
{onsiderable regenerative actisity may be seen i various ty pes of expert
mental diabetes (sec Chapter 20) Hust' has described the remarhable
fluctuations which can be produced 1n the total s olume of the 1-lands in the
rat by means of vanous stimuli (see Chapter 3) Apparently repeated
small doses of insulin may lead to & disuse atrophy  of the wslets®* Je
concenable of course that the fundamental defect m the dinbetic 13 an
mability to regenerate 8 cells at an adequate rate  Spectes differences 1
ammals are well recogmized for instance the mmunity of the rat to pitu
tars diabetes is supposedly due to 1ts ability to regenerate § cells
New formation of wslands from mtralobulir duct epithelum hay been
described by Burkhardt’? in 2 enses of carcioma of the ampulla myohmg
the head of the pancreas giving a picture similar to that of duct hgwion
\ost 1slands were aty pieal and shoned degenerative changes  Both cuey
showed climical diabetes  In Doth cases the ¢ ranom prebabls aatedited
e diabetes
th’l‘he \mportant role played by hemochromatosis i eliudating the proc-
ess one of us has already stressed  We find yanation m mvole
ment of the slnds (in hemochromatosis) ringing from the mm\in"
of v Tar ds represented by clusters of pigment loaded endmhe]ll’I l?l: o

£
n

formed to take the place of those destroved vy Uie b i
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Chipter 16} Here 1t becones obvious that  pitwitary diibetes and * ad
renal diabetes must overlp since 1t ts uncertun how much of the effect
of crude pituttary extricts wsed m the put may hve been attnbntable
to the adrcnotrope and how much to the growth factor  Presumibly the
diabetes produced by ACTH and the associated disturbance of urc acd
metaboltsm 15 due to overproduction of steroid hormones by the adrenal
cortex although this 15 not established 3% The recent obsersation of

hydropie change  {glycogen) in rabbits njected with cortisone by
Tobermch and More® 18 an unportant lead (¢f Chapters 16 and 20 and

Figs 13 and 14)
\ﬁccause of the nssociated upset in purme metabolism produced by AC1H
nd manifested by 1ncrease in unmary exeretion of urnic actd and becanse
of the aflevittion of this type of expenmental ditbetes by glutithione
Conn* 2 has hypoth d that 1 purme bolite exerting an atloxan
hke effect 15 responsible for reducing the intracellulir avaihbudits of free
sulfhydr] groups which tre necessary for the normal activaty of mam
en7yme sistems that the combination of decrersed intracellular concen
trations of sulthindryl groups and incre wed mtracellulir concentritions of
purine metabolites impurs functionil actinaty of the nsulm producing
cells of the pancre1s (the product of which 15 rich m ¢y stine) and alvo mter
feres with pertpheral glucose uttlization by inhibition of those enzvme svs-
FOE s err v

tered in the adrenals 1 human dinbetes whether functional or anatomical
may be eutirely nonspeeific und <ceondary to a state of stress in the scnse
of Selve # Inany gnencase therefore 1t mav beimpossible to say whether
the adrentds have any pnimary or etiologic) sigmficance  The effect of
retnoval of tumors however 13 convincing

Recent evidence suggesting that adrenal cortic 1l function masy actually
be dimoshed 1n diabetes 15 givers in Chapter 10 pige 202

The Thyroid  Houssan® has shown that a temporary or permment
dinbetes o be produted by admimstration of thyrond extrict n anum s
with alreads dimaged pancreases (Chapter 23) € hntealls 1t 13 recognized
that hy perthyrordism devdloping 1 a diabetsc may e exacerbation of
the diabetes and myxedemt muv lead to ameborition  Balfour and
Spraguet give lustratne examples  Richetts® wuggests thit hypur
thyrordinm apps 1nng 10 2 padtent predisposed by heredits or othr factors
to dinbetes may preapitate the disewse i pursistent form Inereased
wtinaty of the thy rord would appe r to be an excellont example of an extra-
puwcrestic factor producing an excessve domand for inwulin wince pre-
sumably the effects of the thyroid are exerted solely through its influence
m speeding up the rate of metabolem

Neurogenic Diabetes —The occurrenct of emotion it glycosuria and the
sugar puncture of Clude Bernard pont to a close relitionship between
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usualhy be found followed by 1 Diter permanent metahy pophy send
phiase m wlich the § cells are destroved # Whether the primars mpury to
the feellsis due to  function doverstrun becnuse of an increwed demnd
for maulin toinjury by an allovan Bhe substance ippeanng as a resalt of 5
simultaneatss abetration of urie naid metabohsm to ghcogen deposition
or to other unknown factors 18 not clear at the present time  Anderson
and Long"” have shown that growth hormone apparently miubits the pro-
duction of msuhn by the pincreas It 1 alo possible that the anterior
mtwtan produces o speesfic inhibitor of hevohni e thus eansmg funda
mental mterference with carbohyvdrate metaboham *56¢ 50 The hypothews
of Lerner # that the growth hormone mav be  alpheeitotrome s men
tioned above (p 295}  Clhimeal evidence that the pitutars may pin a2
role m some exses of human diabetes 15 provided by the observations of
Whites on merewed stature smong dnbetic children {aithough Iivsen
busch® could not confirm this finding in Swatzerland) and by the well known
inerewed madenes of diabetes m acromegaly

Bennett nd Fyans®® sum up the expenimental evidence for i olvement
of the piwtary wn dubetes 15 follows  The four obsersations 3 hich
offer the strougest support for the concept that n bafance of hotmores is
mohved {te m carbohydrite metaboltsm) and thut the balance 1s upset
m the metabohe disturbance of diabetes mellitus are it the marked
hupersensitivaty to msulin that develops in by poph sectormized annnals
and thit cnnot be accounted for by secondary by p(‘f\mmon‘of the (:ﬁ\:\‘
o

g,
s

physectom of depncreatize 1 ammals and the abilits of such dou v up ¥
ated anumAls to sun e for long periods of tune without insubm and faurth
the production of temporary or permanent dinbetes melbtus pormal
mals with crude by pophysenf extracts and remsvocation of setete dibetes
wmellitus m by pophs seetomized panereatectomzed ammal in such ex

tracts 5 wd
3 ot or dhsc nssion of the ptwtary may be found m Chapters 16 wd 2
.

ereatectormized eats ®  Al,o n amelioratiog ettect on fun e
heen observed with the onset of Addrcon s disease & Sddional c\t\ l;:)‘;‘;
on b the well hnown assocrtion of diabetes with tnmars of both

Vnbart vagen e teany
ree
m
B oLt

cluahetes has bern produces bt 2 Conn wsing ACTH  (References 18

humns be Forsham et al and b
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ihabeties than m the general papulitton ¥ Tauh ef al ® hase clumed to
differentiate two groups of dabeties an the bis of ner function tests
the yuvensle of msuli deficienct type and the adult or hepitic dys-
function type which would presusably correspanad to Himswcrth s* imulin
wnstive md msulin msensitive types (see bela) It s not by wy momns
thear tht the Jiner s the mnjor factor m the second gronp

It s unbiheds thit the Inver per se 1 of great tnportance ay an etwoloptcal
factor i the divcise  \s Hlnsworth® pomts out it < usitlle necess iy to
destros practicalls the entire [rver hefare sigmihicnt changes 1n ¢ urbohy-
drate metabolism ure produced  Lihewrse 1t 1s tot elear that the kpotropic
factors (lecsthin choline  Iipacate ) wre conrcrnerd m the et iy of dn
betes !

Trauma and Stress  Direct traumi 1n the sense of injury to the pan
ere s sufficnt to dosteay the greater part of the argan ts rirch o ¢ 1use of
dibetes

One of the fos evidences far traum et argu of dutbetes 1o offerad by
Nells case ® tht of & teumster aged thirts two veas who was run over
by s w sgon Tour and o half months after ey he was brought to the
hosprt stupacous scrtausle il aud etaciated It nay leirned that stce
the acadent he had developed palvdipsia and prurtas  Nesther blood nor
wrine was tested far sugar as he was morbund At autopsy the pancreas
wewghed 122 grams was wregular and felt as though filled with small
stanes  Lhe duct w v not completels obstructed o concretions were
present autside the pancreas

On mucroscopic examnation fibrous was extrome  with oph traces of
aetor and 4 fow shambhen partly fibroserd islinds Throughout masses of
clethed maternl were surrounded by < dense Aibrows Vit of the il
«aum appe ared to be deposted s a result of necrosss of parenevma Grer
%9 per cent of the pancretie tissue hid been nephiced m this v Heme
therc was wdequite watommcal bra for the dibetes

Afthough direct triuma to the pancreasis hardls ever Leonvinang cause
of dinbietes there has been o tendency recentlt ta broaden the comeept of
trawma to mcdudc mpun o other parts af the bl wvere dlaesses ind
event povehie stres ST fues suggeste T ehat diabetes o be one of the

discres of adaptiten wd thes caneept has been enlarped upon by
cthere™ Tt b certualy becn amply demonstrated that emotion]
glieosunia oeeurs™ w it may well he that thes phenomenon 1s part of an

ahn rmacti o or adiptition syndrome mediated perhaps through
erther the wdrenad medully 7 o cortex™ or both M Arthar of of  have
shew e that the rate of urn s exerctton of cortcostoron fs dusmg drabeta
nerdosts mny be 2 to b traes av rapid as Bfter recovery

Howeser as noted aborve diabetes seems to deerense dunng war time
st spite of the aswocs atedd atress

Obesity and Diet The tmportwnce of obeits usually an evidence of
chrome oversating as o preduspo ing factor w the productscn of diabetes
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the central nervous syston and the panere s Tatormedinte wtion of the
adren ils and pitwitars 1n the case of emotional ghs cosuriy 1 quite possible
te astress phenomenon in the sense of Cannon™ ind Selve ¢ The Worl !
Wars m spite of tremendous emotional stram on milhons of persons i}
not provide v noticeable mcrease 1n the number of diabetic crses 1
fact 4 decrense has been reported presumably due chiefly to the prevalent
undernutritron

Testons in the vicmity of the hs pothalamus hav e been rep srted 1 v num
bher of eases of drabetes

An ependymal gy st of the third ventricle w is found in 2 diabetic by Br
rom gd Rusell ™ Worthy of note 13 the obsersation of Gissel” that
severe head injuries almost alnays produce a transient hyperghycenma
Davidson and Allin™ found bigher blood sugar \alues after myection of
glucose in 12 patients with concusston and in 18 with shull frcture  How
ever these observations are not confirmed by other neurosurgeons (¢f
Joshn™) At any rite glycosuna following trwma mtv well be a non
specific stress phenomenon (see beloic)

Turther evidence of the associatton of changes n the central nervous
system and glycosuria has bren brought out by ¥V onderahe ® Three cases
presented hemorrhage affecting the tuber cinereum or hypothalamus with
subsequent glscosurta one e 1se of diabetes of some duration shosed a evst
of the pulvinar of the thalamus and one case of cipillary hemorrhage m
the hypothalamus was accompamed by termmnal hyperglycerary  One
case of diabetes recovered following remoyal of 2 menmgioma mpinging
on the fourth ventricle ™

Blackford and \ enable? report 2 cases of paresis with diabetes m which
they believe the dinbetes was secondary to the syphihitic process

As far as we are anare the clauns of Vonderahe™ and of Morgw etal ™
that a reduction 1 ganghon cells can be demonstrated 1n the paras entricu
{1r nucler w deabetes have not been confirmed

Whether by poth il unc lesions masy act by wan of the anteror ptwitary
or atherwise 15 not kown  In recent ¢ irs there has heen v tendency to

B "

noy to emphisize the
pant that the releast

of sugtr fram the lver 1> responsble for the giueo ¢ te lernee curs¢ both
normal and ditbetic  Forsham and Thorm™ have suggested that deter
mination of serum morganic pho phorus simultineosls with # glutose
tolerdnce test may gne « clue to ler wvolvement n diabetes  Leevy
ef al ® and Zunmerman ¢f af * have found ev wdence of 72 Limpurment of
function and have alo found fites change and currhosis m a fen biop 16w
Chapter 6) But Brown* apphing 8 standrd Jnver function tests ut
e A f trment (choice of tests and inter
2, ditbeties found no e idence «f 1mpy
- for dwsagrecment) Al » there secms
retation of them are obsious bses for disags
l:o be no evidence that Laennec s airrhosis of the liver 1s more common m
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whose disease had heen discovered durmg the normal period of growth
(grow th-onset tvpe) while relativels high values were found in subjects
who had reached full stature prior to discovers of the diabetes (maturity-
onset type) The authors speculite as to the relitive mmportance of the
growth hormone m the two tvpes

The effect of prior diet has been studied extensiveh by Hunsworth ¢ whe
believes that the mcidence of diabetes can be related to the amount of fat
1 the diet although the mechanism by which a high fat diet might bring
on diabetes 1s obscure just as the predisposing effect of abesity per se 15
obscure  The 1dea that a high carbobydrate diet may have etilogical
sigmficance seems less populir than m previous vewrs m spite of the
demonstrition that massie amounts of glucose will produce diabetes 1
amml  (See next section below )

In this connection the work of Houssay and Martinez® 1» of interest
They <howed that a diet high in certam tvpes of fat (lard and ex fit)
would greatls ncrease the mortality of rats from alloxan diabetes  [he
effect of diet an the actual volume of 1slet tissue 1s noted elsewhere (p 22
The occurrence of diabetes 1 experimental obesity associated with hypo
thilimic lesions 15 mentioned 1n Chapter 23 (p 286)

Hyperglycema — An excellent discusston of the possible pithogenetic
role pluved by hy pergly cerma 1n both experimental and human dibetes 15
goen by Tukens® He concludes that 1t 15 impossible to state flaths that
by perghcemia 1s or 15 not harmful since any mjurious effect may depend
on co-exitent circumstances  for mstance under certamn experimental
conditions a dibetes in the early reversible phase ma be cured by exther
meulin or phlorhizin both of which seem to lower the bloo  sugtr by differ
ent mechansms  Also duabetes may be produced by excessise adminsstra-
tion of glucose to cats  On the other hand 1f hyperghcemia per se v
hrmful 1t 15 not clear why the metahs pophy seal diabetes of dogs does not
show a rapidly micrensing seventy nor why muld diabetes i man does not
usuilly become more severe nor why the ditbetes assochited with pheo-
thr mocytoma (Chipter 10) 15 so readily reversible  The work of Duff
nd Toreson ¥ indicating that msulin freatment mas reverse hydropic
change (gls cogen mfiltration) of the istets even i the presence of contimu
ng by perglscemia suggests that some other factor e g hypoinsulinermia
m be more important  On the whole 1t would seem thit an agnostic
rather thin a de gmatic point of view on this subject 1 desirable

Infecion While the temporary unfavorable effect of miectious dis-
€1ses 10 diabetes 13 estibl) herd bevond all equisacition as 1 direct s
of the dise 1ne 1t 15 of hittle importance Hastologicf resemt lnces between
pncrens and parotid have led to xpecl nterest 1 mumps * # but this
disease ¢ be but rirels bluned for dial etes

Severe toxic inury to the 1slands m the coure of various nfections may
produce exther tranvient gl cosursa or more rarely true diabetes  Root and
Warren®® ke led attention to the actual necrosis of msulr epithehun
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has been well emphasized by Joshn™ und others Obesity ey be reg wded
s indubitable evidence of abnormal food ntake and hence of abncrmal
strun on the wslands of Langerhans

1able 47 allustrates the frequency of obeaty

TaB1E 47 VARIATION #ROM NowuaT ox MAXive st Wiaonts A1 (& L RIOR T0 ON b7
OF 1000 ( s &+ o TRUE DIsRETES Cats 01 vTFD ror HFienT Aar Anp SEx (JosnyT)

1 ercentage of e 1cl

£ ercenfage 1n decade
rormal average —— e
Vun ber zone Below 1bore
ige of (+6to ~o  standard slandar !
Jears asee per cent) we ght we ght
01010 43 37 " 3
11 t0 20 81 39 29 12
21 10 30 nu2 19 10 i
Sl to 40 172 6 5 &
4110 50 24 12 3 8
oI to 60 252 12 1 8
Clto ™0 a 10 8 81
1080 14 1 -0

A striking f1ct 1y the wanl reverability of ditbetes m the middle-aged
obe e subject 1o the ghcosuriy mav be expected to distppeas if waglt
loss 15 dequate  In fact conuderation «f certnin dat ) Jeads to the starthng
conclusion that  almost half of the diabeties ext wit could be removed fr m
this category simplhy by cure of their obewty %

1he frequent 2ssociation of ditbetes wath obesity espeenlly w the md

ot LV 1e ~c -~ ppte classificttion of this group  Ihms

and  msulin insensitne  types the

h an unstble sesere dibetes respond

g rexhily to msulin the latter usually muddle-aged and obese and tolerat
1ng large doses of msubin without symptoms  The former he censiders as
possibls due to insulin [ich the fatter to msensitinaty to inoulin There 1
an obvious pirallel hetween the Iatter group and ammnls in the dio-
hypophyserl stage of pituitary diabetes Of puticulr mterest m this
connectiant are the recent obsertations of Bornstem and I awrence®* who
carned out msulm 1ss1y by 2 new method on the blood of two groups of
pitients one the young severe tipe with ketoss and requinng msubn to

Ine the other the nuddle aged obese type without keto 15 and contr Habfe
white il «f

phcaty nsof

ent WOTh Of Mhlelistia te o studied the
extractable msulm as measured by a mouse convulsion or a n&uu;e bl()::l
sugar methnd n 4 series of pincreases from dl:;behc ar{\d m}n n'u:(':‘c"m
diuduils  The Jowest values relative to controls were found m dv

Also 1mportant 1 the rec
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Hartis® holds the problem ta he mare complox than hutherto assuined
. v

7 per cent of the siblings of diabetses whose age 1t onset of the disease i
fess than 30 may he expected ta develop dithetes by age 40 while enh
about 13 per cent of the sibhings of thowe who develop the discrse after
the age. of 30 mav be expected to huve ditbetes by age 4 He suggests
that mans of the late owcet type mav be heteross gous for & gene which
m homorygous forn max give rise to the severe early onset type of ¢1se

Taste 48  INCIDENCE OF DIARFTES IN THE FAMILIES OF DIsRETICH  FPERCENTACE OF
€ «ok9 Rrrowrive Hrazorrany anp or Faeian Tyera oF FastiLy History
RecenT Cuntear b xverievers (Tosiin)

Ier cent with
Vo of  famuly history

cases. of diadetes
Toshtin total children 1946 2m 150
Jeahn 1946 Chaldren of 20 or more vears duration  24% 550
Joshn 1941 Howpatal casew 1610 410
Toslin 1620 1928 4831 256
Tarach Pitt burgh 1138 1030 415
Jobn Chvelani 1028 1970 610 35
Lawrence Lonion to Javuary 193) 5162 23
U 8 Veterane Buresu to Augist 131 o 7ot

¢ Ieelufes 7 (aws wath comtang L bereditary sat fambial history
t Tnelu fes 35 raes with eomtmed ere d tan and fam hal history

Barker et al % describe a famtly in which 3 bovs all det eloped diabetes
at an earhy age while ? pirls were spared  Thev suggest mheritance of the
distase as @ sex hnked recessive with heterozy gous parents

CABSES WITH NO SIGNIFICANT PATHOLOGY

There remains to be expluned the group of cnses without defimte
anatormeal chinge in the pancres or other orgins Fren the granules in
the sstand cells m iy appear normal  In our <ertes of 811 ditbetuc mrtopsies
the pncrers nas nommal as far as could be detenmined in 271 or atmont
exacth a third of all eves  {In most of these the newer staning methods
were not ived ) \o lesiony 1n ather organs were ufficient to explun the
ewstence of diabetes although the piturtary w s exammed m onh a wmall
proportion  However no esidence of ol al disturhance other than the
diabetie process was encountered

These cases m which changes in the pancress are absent or too trfhng to
ment consuleration haxe abw ws puzzled and tertated the patholosse Tt

n
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that ma: oceur n such cases and also to evidences of rezenerttion  OF
PO
L
£ prob-

v st ul cells of the hody  ind citalvzes ot key reaction
b which ghicose 15 phosphorvlated  The antenior pitmtan 1 thanght ta
produce vspeafic inhibitor of hexohinse *32% also one of the i tions of
the onsgented sterords «f the drond cortex appears to be the enhance
ment and prolong ition of the action of this pituitary hexohn e ihibator
It has been further held that 1 decrewe 1 hexohinse activity could be
demonstrited i the muscle and Iiver of the alloxamzed rat %

The posuble rdle plased by these retctions i the pathogene s of human
duibetes must an ut further work espectillh since others™ have had dif
ficults w completely confirmang the ongmal abservations of € on et of

Insulinase —Hecenthy  Mlrshy and co-workers % in a serics of papers
bhud deenbed i wizyme system (nsulinase) which inactivates sulin
pp wently fisting dimimishes the ks er insulin 1se and feeding reconstitutes
it 1he powible plice of this enzyme in the phyvsiology of human diabetes
1 nat vet clewr

Phosphatases —“ince these enzvmes ire of undoubted mport ince 1
carbohydrite met ibolism espectilly 1n the dephosphor lation of glucose 1t
1s miturl to consider whether they re mvolved in the pithogenesis of
diibetes  Dribhin® considers that they are and holds that ¢ relition hip
c1n be demonstrated between the level of the blood sugar and the phos
phat ise actisities of the kidney blood serum ind Iner  Ablo the appirent
mercise m Iiner phosphiteses moalloxan diabetes ind therr restoration to
normal suggest that these enzymes are of sigmific e m the ditbetic state
Bunting®” found less than normal wounts of alk thne phosph itwse i the
Laduey, of allovndiabetie tats Deapaes 9% has found tkalme phospht
t1se m the wslets of T gerhans md has shown at to be pre ent m gre e ¢
coneantrition tt the periphery of the wlet m the rat

Heredity — Lhis 15 the most important predisposing fictor of all

Chere 19 vstatistiealls ggmific it lngher meidence of diabetes among Dlowd
relatrves of ditbetic patients than i the general populttion The evs fence
and unphc tions e discussed by White wd Puocus 6 They hediese that
the mheritance follows 1 Mendeliin recesstve puittern When hoth prents
hase dibetes all the duldren may he expected to develop the du case af
they Ine long cnough when one pirent hus dithetes wnd the other s 8
bt Canee 40 per et of thar daldean mo davdop the diost
whatc s f v dibetic or ¢ carrier mornes wmdiadud who netther b
drbutes or m 1 diibetic Cumer none of the duldeen will hue di thetes
1 he unplications of the Jast st itensent from the public i tth pomt of vrew
are tremendons  outbreeding of the divease by the consustent union of
descendwits of duiibetic ptients with those of nondiabetic fimilies 13 theo-

reticilly possible
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betes, 1n man and i the expnmentnl ammal  However, all forms of
permanent diabetes in expertmental animals are characterized by lesions of
the 1slets of Langerh s, and st scems probable that arreversible human
diabetes 15 alvo fund'lmcnt'dly pancreatic, e, essentrally an meulin defi-

monme doanon N ametn nommabhad  anm bnoan] a malloma Toee 1o

er® has recently made an able defense of the unitary pincreatic view of
human diabetes The réle of the -G fictor if any, m humn and expert-
mental diabetes 1 yet to be determmed
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15 dufficult to concenv e of long-continued ind profound functional patholagy
without organic change the field of mental disease excepted

One may guess of course that these cases fall mnto the group n whieh
even though msulin secretion 1s normnl the demand greatly exceeds the
supply or i which the normally formed insulin may be mactnvated (by
nsulinase?) It 1s more likely, perhaps that newer histological methods
particularly silver impi 1on  the phosphotungstic acid hematovsln
method of Hultquist and Tegner, and Gomort s new methods (see {ppendiz)
will show that many of these cases with appirenthy normal islets actually
have a marked reduction 1n the number of § cells or an increase of a cells ¢¢
both (see Chipter 3} Also the total volume of the 1slet orgen 3 may
be altered

It 15 possible that some other mechamym may be operative for mstance
a arculatory one  Since the amount of msuln demnded fluctuates be-
tween wide hmits some ripidhy functionng regulatory mechanism must
exist for the output of insulin  Obvioush the amount utihzed m ab orbing
a heavy meal would produce marked h+ pogly cemia if <ecreted m a fasting
period the mtray enous glucose solution so frequently used by surgeons puts
a heavy and sudden demand on the msuln producing mechamsm  yet this
1sreadily met In the absence of prompt control we would swing censelessl
and dizzils from hvpergly cema to hvpogh cemia and back

This regulation may be accomplished by alterations m rate of secretion
which 15 partinlly dependent on the amount of blood passing through the
islands or by alterittons m amount of blood flow which determines n t
only the nutrition of the island cells but the amount of msuln transported
from the 1slands

In exxmuming the Inng pancreis of the mouse by a modificition of
Covell s method using transmitted hight one of us (S W ) found i the
thinner portions of the pancreas reddish white spots which faded shghtly
from time to tune and others appeared  Subsequent histologteal exumint
tion indicated these spots to be islands of Langerhans Thus we may hue
an ntermittent circulation of blood through the islinds and avery simple
and rapid means of regulating the output of rsulm  Such an intermittent
crreulation might be expected m view of the hnown intermittent eirculaion
m the glomeruli of some anmnls the peripheri capillartes and elsewhert

Berg ' using reflected hight has reported similar results emphasizing
the vamation i the capillary pattern and the rapidity with which these
changes occur ”

It 15 theoretically possible therefore that a eirculators disturb inee mig
be responsible for fulure of release of insuhn from histologicalls norm!
However no such mechtnism has been demonstrated

islets

SUMMARY

obvious roducing
le factors may come into play 10 P
Tt 1s obvious that innumerable fact 3 § ; o

a temporary dubetic state or 1n accenturting
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pains to avord even minor triuma and to protect any mjury recened even
to a bhister, from infection  So long as his diabetes 15 under control and hrs
arculation adequate he has httle more to fear than & normal person
Infection always makes an existing ditbetes worse and madequatels con
trolled dinbetes 1s an 1deal setting for rapid extension of an mfectious proc
ess especially of the pyogenic type As has been pointed out organtsms of
low pathogemaity as Staphylocaccus albus and F colt may be lghly dan-
gerous to the diabetic

Uncompliented physical injuries as fractures and clean wounds heal as
well in the diabetic prtient 25 1n others  However suddenly changed habits
of exercise and diet may complicate the management of the diabetes

Aadosis and coma need not be 2 factor if adequate dietary control and
msulin are utthzed as needed Howmever any dietary mdiseretion or m
adequacy of msuln 15 dangerous Infection 15 of major mmportance in
precipitating coma  Impending coma 1np urs Judgment and responsibility

Arteriasclerosis usually gives ample warning of its presence in the artenes
of the legs  Cleanhness and maimtenance of warmth are essenttal to pre
vent gangrene  When arteriosclerosis involves the coroniries however a
fatal occlusion may be the first inkling of 1ts presence 33 ordance of sudden
fluctuations of blood sugar and undue evertion are useful protectne
measures

Occupations requiring long and 1rregular hours without opportumty for
control of the diet and use of wsuln should be wvoided by the diabetic
Pitient

INSULIN REACTIONS

Insulin reactions usually are not fatal A man aged seventy vewrs whose
left leg had been amputated at mid thigh for gangrene situpinbed Teel
mgfunt he called to others in the nard I m having an muulin resction
and fell dead  His post mortem examintion resealed an embolus w his
pulmonary arters and a shghtly elevated blood wugir Case 32772
supposedh died of an msuln reaction but the autopsy showed a fresh
voronary ocelusion  Case 36 597 died suddenly twelve days after a fracture
of the fermur  An mulin reaction was suspected but the autopsy revealed
the pulmonary artery occluded by an embolus  Such cases could be reachly
multiphed  No death should be ascnibed to insylin wrthout an autopsy
nd blood sug i determmation

There are positiy e changes m death due to excess of msulin as have been
described 1n Chapter 22

Asde from fatal msulin reactions hvpoglycemic comn complete or
Ppartial, 15 of much sigmficance  The clinical pieture may simulte drunken
ness  Hypcrinsuhmist may be precipitated by delay 1n obtuning food
by sudden ameliortion of an infections process by mistahe or carelessness
n dosage, or hy ntent The hypogh cemic person may lose consuiousness
wholls or mpart It 1s dufficult to estimate at what point he censes to be
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MFDICO LFGAL ASPFCTS OT DIABFTFS FLI [1US

Iue medico legel aspects of dinbetes may be considered under four
headings the etiologs of the disease 1 relation to trwma and occupition
spectil hazards of the diabetic state effects of msulm prticularls hyper
msulimsm  the dingnosis of the dise ise from post mortem materat

While one s sympathy may well be aroused by the plight of a dinbetic
patient who may behes e his disease reculted from trauma or some occupa
tional hazard or was aggrasated thereby amy such clum <hould be most
carefully scrutimzed not only for the sake of scientific accuracy but also
for the sahe of the hundreds of thousands of drabetics who will be h unpered
m obtuning ganful employment should the risk and cost of compensation
of certamn of them prove too high

Rigd control of specimens of bloo1 and unne used 1 establishng the
presence or absence of drabetes must be maintamned

ETIOLOGY

Lrauma may be claimed but 1s not a significant factor m light of our

betes following head imuries may be based  Certanh temporirs diy
tarbances tn carbohydrate metabolism may follow wjury of amy hind but
this 1s to be regarded as a nonspecific reaction to stress  As noted m the
preceding chapter no increase in diabetes was found n erther World War
Psychogeme onigin for diabetes has not been proved i spite of thetm
dence that emotional factors cause exacerbation of the disea ¢ and might
theoretieally act as the precipitatmg factor m 1 predispo ed person
Trauma may lerd to persistent mfection as osteomy elitrs 4 which might
predispose to the deyelopment of diabetes
Occupation 15 not hnown to be a sigmfi
diabetes |
Extensn e discussion of the medico legal aspects of trauma may be foun

mn Joshn s book *

cant factor m the causation of

SPECIAL HAZARDS
and artersosclero 18

ection acidosis and coma
The chief of these are mfec ek

1he diabetic must take special precautions agains
(310)
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P to avoid exen miner trauma and to protect any wjun recened even
to 4 bhister, from infection  So long as bis diabetes 15 under control and his
arculston adequate, he has httle more to fear than 4 normal person
Infection alnays makes an existing diabetes worse and madequately con
trolled diabetes 13 an 1del setting for rapid extension of an mfectious proc-
ess espeeraly of the pyogenic tvpe A« has been pomnted out orgarusms of
low pathogematy, as Staphylococens albuy and F eoli may be laghhy dan
getous to the diabetie

Uncompheated physical mjunes as fractures and clean wounds heal as
wellin the diabetic patient asm others  However suddenly changed habits
of exercrse and diet may complicate the management of the dinbetes

Aodosis and coma need not be a factor 1f adequate dietary control and
wsulin are utilized as needed  IHowever any diettrs indiscretion or ta
adequacy of nsubin 1s dangerous  Tnfection 15 of major importance in
preapitating coma Impending com « mp ur judg nd responsibility

Arteriosclerosss usually g es ample warming of 1ts presence in the srtertes
tf the Jegs. Cleanlness and muntenance of warmth are essential to pre-
vent gangrene  When arteriosclerosis miolies the coronaries howerer a
{1tal occlusion may be the first nkling of its presence  Avoidance of sudden
flctuations of Blond sugir amd undue esertion are weful protectine
measures

Oceupations requinng fong and wrregular hours without opportumty for
tontrol of the diet and use of msubin shonld be avosded by the diabetie
Pitient

INSULIN REACTIONS

Insulin reactions usually arenot fatal A man aged sevents sears whose
Teft Ieg had been amputated at nud thigh for gangrene «at up mbed  Feel
g fant he called to others m the ward I m having an msulin reaction
and fell dead s post mortem examination resenled an embolus m hiy
Piimonars artery and a shghtly elevated blood sugar  Cwe 32772
supposedh thied of an msulin reaction but the autopwy <howed a fresh
coronam occlusion  Case 36 597 died suddenly twelve davs after a frcture
of the ferur  An imsulin rewction was suspeeted but the autopsy rovenled
the pubmontn artery occluded by an embolus  uch ¢ wwes could be readily
muluplied  No death should be asenbed to insubn without an autopss
and blwd sug e determmation

here are positn e changes 1 death due to exeess (fmsulin ashacbeen
deserihed an Chopter 22

tude from fatal meulin rerctions hspoghcemic coma complete or
partial 1s of much sigificance The chinical prcture may sumulate drunken-
ness Hypermeulinism mas be precipitated by delay i obtainng food
by sudden amelworatton of an mfections process by mistake or carelessness
M desage o by antent  The hypoghvcemic purson mas Iose consetousness
wholly or in part It s difficult to estimate st what point he ceases to be
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responstble  Careful elmical study, remforced by blood sugir determina
tions will md m establishing this

Numerous examples of the medico-legal unportance of msulin reactions
are given mn the diseussion m Joshn s booh 2

THE DIAGNOSIS OF DIABETES MELLITUS FROM POST
MORTEM MATERIAL

Post mortem diagnosts of diabetes while sometimes impossible muy
frequenths be made defimtely It must be remembered the adequatels
treated diabetic may show no evidence of the disease  Iost mortem
urine sugar determinations may be helpful asmay the presenct or absence
of acetone bodies  Absence of sugar in the urine should not be reled upon
if the urine 1~ heavily contamnated with bicteriz or 1f marked acilosis
exists as renal tubular dumage may hasve caused & renal shut-down

The post mortem blood sugar 13 of gret value  In the ahsence of gross
contammation the diminntion of blood sugar may be very slow  Thus
lable 49 we see the results obt uned from defibrinated hetst » blood kept
at room temperature for vary ing lengths of time before anahsis  Although
there was a sudden marked imtial drop 1 one cwe the subsequent de
erease was slow n both cases

Taper 49 DecREAsE 1n Broop StGar or Dertsriatep Broop aT Roow
TEMPERATURE
Blood s garin Mg per cent

Time Case Mo Case Xo
m horrs 3 06 8" n
Ante morfe
335 <00
45 230
Post mortem
125
20 46
40 260
t5 44
55 220
[ +H
80 43
00 ;?
130
19 0 140
16
e 1
%0 15

and post mortem blood sugars are
mam abhormalhy mgh and s
th (The fact that some of the
nte-mortem mas perhaps be

In Table 50 2 number of ante-mortem
compared Thus the blood sugar mas re
evidence of diabetes for some hours after dea

st mortem salues are higher than the ai
:fplamed b sortie of the considerations mentioned below )
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Tapte o —COMPURIN S 08 ANTE SORTESU ASD TONT 8 wrews B b dica Y agn s

Patholog cal Ante mortem Ao of hours Mo ofkouwrs  Post mo ter
Na ngar  todeath toautopsy  bHlood s gar
15079 20mg % 3 125 199 mg %
16771 1000 25 o ch 50
17820 92 Few 1 910
18359 210 Few 25 210
18453 Ho 4 2 210
10042 270 05 i 320
1942 990 3 L3 1000
2017s 130 5 15 30
21531 340 575 12 200
21662 320 1 15 20
20683 260 Few i 50
27085 $30 1 2 790
24038 310 Few 25 2%
2515 100 Few 12 270
005 190 16 15 120
2868) 340 Few 2 20
2380 150 1 133 100
2076y 690 Few 0 60 440
31954 290 Fes, 1 20
12000 520 12 5 29
$4%34 180 Few ‘ 160
11864 370 1 520

It 11 quite nnportant that bleod be drawn from the feft side of the heart
at sutopsy  Blood in the right side m1y show hgh levels of reduong sub
stancts presumably due to proxmity of the column of blood to the hver
and dffusion of glucose from brehdown of gheogen i the litter organ
Humlton Pateron and Johnson® state thit + ues over 200 mg per 100
@l m the left hot mav be taben to sigufy ante-mortem b perghicema
Howtver THI® wnd 1 het? caution that ugonal rele wsc of epnephrine from
the adrenal glands may fead to a tsleadmnghy Ingh terminf blood sug
even m the Jeft heart

Naurmann® his emphasized the vafue of wang cerebrospiuid flud (ob-
tuned Ty asternal puncturd)  Presumabhy the rite of ghealvss s less
than that of blosd  Probabls ala agenal changes e ks murhed  Her
level fover 200 mg per cnt 1 probibly szmbicwt The prescuce of
ACEtne supgets com s s the e of death

I tologieal studs reveal changesin the pineras but as w s ponted
(utan Chapter 4 these may not be pathognomonte of the dreve  Cell
counts by the newer methods (see Appendic) may be of vl Tt scems
revonible to state that if the ratse of 8 to o ccdls c1n he <t own to b less
than 3w presumptine dignoss of diabetcs can bt made  Toreson® holds
that the demonstration of gl cogen 1n the lands 15 pocitive snorphological
erdence of diabetes  Degranulation of the 8 cefls afonc 15 apparenth
reganded by Bell's as a rehubl, diagnostic entenon  C oncervablh a farge
ternunal infusion of glucose might bt misle wing snce Prterson®t was abic
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to produce degrmnulation of 8 cells 1 expermmental wim ih 1 fifteen yun
utes by massise 1nfusion of glucose

In the imadequately treated dinbetic, deficient liser glycogen together
with ghcogen in the hiver cell nucler and the renil epithelum mw gne
the clue  Much glycogen may be present in the hidnev 1n von Gierhe s
disexse  That the carbohydrate content of liser tissue changes but lttle
after the ewrly post-mortem alteration 15 shown by the following table taken
from Popper and Wozaseh »

Tanrte 51 —~Torsr CarronyprATE CONTENT oF I 1veR 1¥ Revatios 10 Tivie
Po~r MorTEV?

Twentysfour Ticenty-for
hours later  hours later

Hours af roon at reebor
post morter Corlent  temperal tre  lemperat s ¢
18 083 081 o9
17 107 108 116
" 037 09 0%

At this pornt 1t 1s well to emphasize that special aleoholic fixatives while
useful are not necessary for the demonstration of glycogen® ¥ (sce Appen
din}  Thus glicogen mv be looked for in old parafhin blacks or m stored
tissue
Other lestons which are to sy the least strongly suggestise of ditbetes
and which may be conclusive if added to other findings are mtercapiitary
glomerulosclerosis m the hidneyvs (Chapter 12) and capiliursy microaneu
myems i the retina (Chapter 13)

As an example of the conclusiy eness with which a post mortetn diagnosis
of dinbetes ¢in be made under fax orable arcumstances the followmg cise
observed by one of us (P1 ) may be cited  The patient w13 a woman of
fifty who died of a coronary occlusion  She was comatose dunng the last
few hours of Mfe having been taken mortbund to o hospita} o suggestion
of dinbetes appe red m her history At the time of autopsy the tissues hd

Usneetssh odor (probably 1cetone)  Urime taken from the blwdder =h(ml:;
lirge amounts of sugar and acctone  Microscopic examinition r(;\ eq i
the folloning abundant ghcogen 1 the renal tubules occasional an"
grinules of ghcogen in the 8 cells of the 1linds of 1 igerhus a B *1" “;“
ratio of approum tely 2 7 by the Grow-Schuitre naethod and nl";‘" Th:\
capillary glomerulosclerosts m the hidneys  There were thus no r:: e
five sigmificant findings amy one of wiich mught be """s'd”“Il as & u:lblhh
presumptive evidence of diabetes winle all five taken toget ‘er)e;u»!nr\
the diagnosis beyond doubt, regardless of the negatne ;2}“"“""“"
Inawdentally of conrse s coronary owclusion 1 a womin of :\ l() )
suffictent to rarse n very strong suspicron of diabetes (¢f Chapter
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ir Fiegy Sight ¢ Prote 1y, and heterugcneuus m uulost'mons of the
lnstop'xtholo;;\ of dube!es nd g Comp) Citiong £ d(-smbed m the
precedmg cha ter, seem Utterfy Unrefrgey nd (-uu[usmg edm:rnb:lm
of nttemptmg 0 dey yo0 a Unify ing hy Pothesyy 1 by oy, Tedeny a1
hag ade ap mterestm[: SEUt g rd syepy 2 concepy 1 refagyg, to the capi]
hiry lesions of the eieand hidney It s € Purpgse of thyy chapter tosyg
Rest thy hug by Othegy, 2y be E¥tended 4, embryce bricticay, it the

Ston,
Inedenuald 'm one of hyy brtllnnt Pper, g ibing ity Micro.
eury ymg of the Tetin, “Mphasizeq the (\tmnrdnnn Tequency with
Which these lesiony oceur ), A850ciati0p with mtz*r(ap:lhr) glomcrulo\cler
me 1, 0 ton?) tha¢ the stan
ng Teetion, of the hy ahine deposye, n both diseases Bere simyfap and eyt
the SUuggestion of AJ, Manyss that the hy ine of the el Jesiong mu rep
Teseng 0j 1de deposlted from the mrcuhtmg blood He aly
0bs* hqg escribed the bloog f dibetye, * Mucopoly

sacchapyge the (oncentratwn of which do ely Parafeleg that of blood gl
suln ang Cted the y orh of Pirany gy alion uny Jordosy

wald thqy 1 more

i1 & Tiedeny,
extendey Malysis of Mucopoly icchande Metabolysy, B3 Justified 1 re
Pathy

lation to diy, etes apg diabety, Tetmopagy,

Reflecy, 1 Suggest, thae st of the dnr‘l(-tcrht:c tissue oy nges seen

™ diabegg my e erprcte gy terms of dturhn e «f me tbolm (op

t “ FOIvs il ypy g (&l cogen) o of th-
ore (o, plex Carbohy dritey hnowy Muce poly sacchard, In th
(onnectzon one my '} Consyder h nges in the Pancreqg the | Uger e ppeq
the hidne, the ee ang the sk,

The twe Mos; Mportane lestons of the pincre 1S 2re iy dropie change Jl"l'i
by 'mmz':tmn of the Bblets If 1t pe *Sstimed thyy the wor), of Tunso’r;
Cited ) Chapter 15 &enerally pplicable then Iy dropre change must be

as

Tegardeq o4 due 5 Jeast 1, Put to the deposition of gL;](‘ogﬂtI If O(r)x;
bstance m b\ahmzcd sslets 1n € category
o a R B S the vieq of Hass 7 of Jones

amy loyg (see Chxptcr 3) and ;¢ one accept.
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and I razier,® and others thit amslord m 1v consst 2t least in part of muco-
polysacchande then one v perhaps constder hy ihnization of the nlets
asdue to the deposition of 1 polyvaecharide protein complex from the blood
stream

Mo adequate evaluation or even deseription of the v icular lesions of
diabetes 13 possible without consideration of the properties of the httle-
nnderstood  ground substince  and of basement membranes  Seseral
excellent papers based on newer histochemieal methods have appe wred
within the last vear or <o on this subject  Many of thewe wre included
the New York Academv of Sciences symposium on - Lhe Ground Subst inee
of the Mesenchyme and Hyaluronudase * Gerhoand Catchpole™ con
suler the geound subst tnce of connective tis ue and the homoge neous comn
ponent of basement membrane to be tlosely related substances conting
gheoprotans which form i aptrerlly homogencous medium «f fhad to
gel hke consistency  Lhese subst inces infiltrate and enclose a networh of
onented fibnls  They e probibh polymenzed nd presumablv struc
turalls organized on a submicroscoprc Jevel and according to these anthors
the degree of polymeriation vares depending on age activtts and degree
of pathologie chmge e chemstry ind distribution of these substances
13 restened by Mever 11 % and some of the histochamical properties are
discussed by Dempey et al * Durin Revnals of af * Lablond ¥ and
Tutter and Oleson

Invanous theories ind drscusstons of arterioscleross of the Dirger artenies
the ground substance has figured prominenth A swellmg of the ground
substance of the mtima 1s an wtegral part of the imbibition theony of Yar
chow and Aschoff (sve Chapter 8)  Recent pipers which bive emphusized
its importance imclude those of Iaber 7 of Mever © and of Rinchart and
Greenlerg ™ It 15 entir s possaible af not probible that the earhest lesion
of athero deronts smvolves a subtle physicochenucd chingd an the met
chromatic gl or fld which <eons ¢ end e the collizenons and st
fibers of the arterril wall

As regrds the medtad calihc ttion of Moncheberg it may be sud that
the earhest hum o lesion 1s unhpown although Clerim salts often ~seem to
be depoated fiest in elwtic fibers  Lhe medni! calethcation produced in
wmls by excessase doses of vitamm D bas been studied m o effort to
throw ome light on the question and 1t s interosting thit at lewst tae
author?® 2 describe the ¢ trliest visthle change as a swelling of the inter
stitiad ground substance

Nanous points of view conceeming 1nter il glomeruloselerc s cr the

Rimmelstiel Wal ondesten of the hidnevs have been discussed m Chapter
12 Regidless of whether cne conders the amorphous hvahnt m itenial
to be mtercaplliny or mtrcaplliny to bu 2 deposit or a thubonng f a
pri-evisting membrane there can be no doubt that 1t 1s clovely rclated to
the substanees under discusam s neted 1 €Chapter 12 MeManus has
<hwn that the charactertie stumng quilities of this maternd are remosed
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to proteine  The hvpotheas 1s admuttedly tenuous but may prove u eful
if supported by future insestigations
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APPENDIX A

AU"TOPSY AND STAINING METHODS

Luroten carcful studies mide post mortem on the hodies of dibetic
pitients the chimc ! mform ition obtuned duning the course of their disee
can be correhited with the anatomical findings and the knowledge thus
guned made woulable for other sufferers Ay Joum wny 4n oper it
during life 1s attended by pun and 1s for the benefit of the mdiadual an
operttion after death s free from pam and 1s for the henefit of hum ity

Chmerl observation and esidence at topsy suggested the correlation of
dabetes mellitus with dise ised sl inds of I angerhins  Clinseal obsers 2tion
evumnation of surgically remosed pincreatic tivwe and autopss prosed
that the islands produced insulin - The sume methods m 1y some day enible
us to unrwel the as vet but dimly understood etology of the disease

To quote from the motto on the w 1l of the post mortem room  Vortws
wivos docent —the dead teach the hvng  The responsibility for the suc
cess of the autopsy rests direetls upon the pithologist  His 1s the duts of
seemg that all possble anformation 1 gleined 1D 1s the duty of seeng
that the autopwy 1s performed m 2 scemly manner and that the needs of
the undertaker are sympathetills considered  If he neglects the finst 1t
15 futile for the mternist to obtwun permission for the autopsy I he neglects
the second it 15 mmpossible for the mtermst to obtam permission  in
operation performed after the pitient s death desers es s dignthed surround
gy 15 one before deith

‘Ihere are certam fertures which must bt espeanlls eonsidered in wtop
stes on disbetic patients  "The weight f the patrent 1 import wt and this
wewly obtuned  \small chamn hoist 1s hung from the celling and a <pring
seale (Chatillon) suspended from this with a spreader and four hooks below
The truch on shich the bady kes is grisped by the hooks and the wholt
ratsed by the chan howst A tare hand previoush set for the weight of
spreader hooks and truck permits direct reading of the net weight

Stce the pwerens 13 extrerely labile and since gl cogen in trssues ripdly
hudrolvzes 1t 15 essentral that the autops be performed 15 soon nfter death
as practicable  If any long penod of delw 1s inticapated the bordy shout t
be placed i the cold chamber prompthy

The following 1utopss techmque 1 used i this borators A useful
primant tneision 1 the Y type from over each acromual prominence to the

sternum At the letvel of the third nbs nd thence 1 the nud line to the
pubis pissing just to the lft of the wmbihens Thas affords o cwdlont

(320}
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expowure and yet bunal may be ¢ wried out m lew neche £ 1 thimy, st} 1
1y trace of the masion visible

In an autopss on a dibetic the pancress shoult b ¢ n d fint A
god expesure 13 obtuned by cutting through the ¢ tr <« It rtm
‘The pancreas 15 freed at the tul wnd strupped upw rd ar 1t th ¢ Tt
noding all unnecessary traumy or compre sion The |t fibb
mot clo ely adhercnt to the duodenum 1 cut aw L gy tr
am abnormalities of the gland have been notedard 1ty v 1 11
prtion of the pancreas 1s removed and weighed 1 i
t2mm m thickness are cut and placed mthe v ¢t i i
secth ns of shin heart stmated muscle and Ini !
priate fixatiy e for subsequent stuning for gly cogun

S

Fi9 112 —Post mortem room for the Dewo =sanllaln v Men nal liwy af
Wustrating grid top-tvpe table with arsuct  thr ) tet

s
The wutopsy may then proceed i the nommnl manner Larbert s

Sen excellent accounts of the varions procedurrs 43 soon a8 the hewrt s
e asample of blood 1 taken for blood sug i an { nanprotein mtrogen
. “Mination erel rovpinal flmed may al o e taken by Tumt ar or
01l puncture
Another varation from the usual routime 13 eareful disection of the
:’I’;‘}‘l’!""z puncreatic tissue from the duodenum  Thus 15 weighed s

A 2dded ta the other portion and sections are tahen
Mmple of bladder urine may be taken for ghuco ¢ determnation
!;“lt 25 1stance to the undertaher 15 the hgation separitelt of the m

L
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Tomypage left Commop, carotid 4 lefe Subelny ) Arteries oo well ag the
€¥ternaf thacs The ends of the hgatures e fefy Ouitsife when the Primaop,
Meision g sened up
TMission bag Biven ¢4 oPen the d € carotyg and Vertehrq)
arteries sp uld also b Bited yy5¢ “ithin ¢he crpy) Ccnggy
Outn, fixatyoy, S sat:s!actonl‘ a hished i, Z S flud apg
n Ig ent neyt, lzeq formafy, Absoly, lcoho} bettep chilleq
OSstan flud », sed for all tissues 4y, h th h o, Ontent s ¢,
be gt Chupy ne may useq Yme oy, m
Plateg elly s fixay S SUisfag, 1Y for the PV i plgy, igh b
%] 4 d eosip, after f, Tmahn 800d regy; Stamn 45
Toth us 8hes
but hag R0t 1n gy ds 8hen TS phrro]
Ue-eosip3 (me; %) L, 3 Almegqfy, he g5
mOd:ﬁcatmn of gy 3 thne b t:

01} 5 ap,
lomng addmonal ﬁxmg fluds may he used for the Daneregs
Boug 8 fhud (especmll\ usefu] for Gomon S Stung)

Ut acetyo aerd

Otass y i rhmmalc 3P ree t 21 eo
Chrom, o acid I 21 "
e aerd 2 . 12
8 Zenker O5tmie gerg
Zenker fug ithout aeeqy, aerd 2 e
Ovm(-nrud 2p(rcnnt 5
9 Osmye chromye flurg
Osmye acd L’p'er cent +4 ce
Chrom,e aad 1 ?;l
Acetse aeid glacia}

I Pancreaty. Hisste to pe fived i, fluidg cont
ssible

A
freeq from f, asfar as p bl
POJI of ceday father thay, chlorol'orm 1 best for cIearmg the Pancreay

Diovxane 8hves goog Tesults

hol agq g part
. 2rts of saturateq Plerie perg absolyte 2lco]

of corﬁ:f!rr‘:ac:;ralr‘mum )uqtp before ysp Slockaolu tron mt }I:ept ng otbe n;x:grclng :.x;e:x:xr:;:
th ue 13 lmmedute]y Teturned ¢, '€ Icebor

to provZnT:;:: ling up of &l3 cogen on 97 S1de of thy eery due to rapnd fasion of he
frang iy ¢
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Of course the <maller the blocks of tissue the easier 1t 15 to get thin
sections and on properly fixed material vections 23 miery thich can be
farrly readils obtamed A large number of different stams my be utilized
We have found the folfowing hist satisfactory

Yor general exanatnation

1 Phlounemetinlene blue or eoan methylene blue
2 Hoanitoxshn and eoun
for demonstration of fibrosis and hyalimzation
1 Mallory s amlme blue *
2 \allon s phosphotungstic acd hemttoxslin €
3 Masson s tnichrome! or Gomorr < new trichrome 7
Tor demonstrition of wpeaifie grnules
1 Gomon s chrome alum hematoxs hn® (method helow )
2 Gomon s aldehivde fuchun? (nethod befow )
4 Bensley «'* modification of Mallors < iihine blue stawn (method
below)
n o o
) . {method below)
b hod helow)
phosphotungstic 1d

hematoxs i {method helow

Acte The firt four of thewe methods require reasonibhy fresh tissue
and work hetter after speanl fisatives (Boum s Hells < or formol subh
mute)  The 1wt three are apphicable to old form il fixed watcrl and to
routine witopsy matenal fived scme hours after death In fact the Grow-
Sehultze methed does nat wark well on tsud which 1 fived less than s
heurs post mortem ¥We finve abt uned goad rosults with it on tisue stored
m formahn for severibve s

T or demonstration of matochondriy

1 Regiud « iron hematoxylin
2 Aftmann « wnthne fuchsin methal green?
Lor damonstration of ghogen md mucopolysiech irndes
1 Best s cmmne stam *¢
2 Tenodic ar ! ind Sehofl st as dewenbed by Mo Manns® and
Iy Tlotchhiss 4

Tor the retima (auicro wncurs sws)

1 Fnedawmakl s modifi ition 7 of etchhies method  (method
Beiow)

e dimguos of hemodirom toss m 2 1M PREent s < metmies un
certan and ats inportaner 1~ o great from the standpomt «f prognous
and fecn the probiblilits of wmsubn resstane that bopss 18 justifitble
Shin s be used but will often give » falee numtine reault Tier biopes /7

£

* Staps £ 1 glyeegen must be contrclled by d g=tion of duplicate sections wath,

tf red mualt diastnes soluts ¢ (See also the Stutoeof A M Carpenter efaf &rch ©
Eatl of 450 1iol m AR D falle Bull oo Med Muwums »* 23 1347
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I Preferreq This shoylq be fixed buﬁcred [ormalm (Il 7 or aleohoy
formnlm embe, ded 1y Prathy, “Cctione Stimeq for ron Potassyym,
Iumq) mide (I’nmnn blye P(‘(ctmn),‘ and wum(nhmwl Uith bavie
fuchyy Gr Mules of hemo{m(m or h(mmnlenn Dresent May pe Teud]y
dcmun\rrate by they et Cilly in g Fecommeyq 1
freop mixtype of eqy f Pty of 2 per cent pornsmm ferrqq, tide qpg a
Per ceng lndroahlonc d 1y 5 Der ceng alcohoy < mixtyr heateg
to bmlmg before se tn, > carpieg out fon Olie to mmyte,
folloy ed by eountvrst'unm;; with 1 60)) 50 fuchsy,

METHODS
Gomor Chrome A Hematoxylm’"
Fry thin shicesy, any Aqueoys fixatyy o Bouy s ﬂuldor{orm ahn subhmstc(larm iin
I parg Batury, mercyryy chlonge 3 partg Water, 3 ¢, 6 barts) gp, Preferaple
Paraffip o cellogg, R, Daraffin see, S throngy Wlene anq

d 1n n R thy, lon;
ilcoholy to wate, They shoylq be Protecteq by dlppmg the shd MR difite g 5
10 1 per tent) “olution o collodion n nlt‘ohol-ether h Aleohot gy,
rellmdm Seetiong ﬂoatmg (unathched) Remo\‘e i nece«ar; Meretry Preeyy
tates Bith Lugoj solutiop

I Tregy sectione with Bouip ¢ solutiop, Contamipg 5 o o om of chrope alum
per 109 o, at 37e OF tively, to euenty four hours Wasy under the tap upgy

e

A sec h 18 Mty one to gy, Dunutes 24 e
ceng solution o tassium Thanganyty md § par cent solution of sulfyria ]
parts

ten Minutes o longer untd g
Bround

hlue 4, a

lum

Ix Yolumeg o 1 per cepy 2qtieoyg hem.:totylm and 2 per cent chrome
; 0 ¢ € Mixture o © of 5 pep ent pofassiyn, b
aj ent © Miture g pe after forgy.o zht
deep opaque
hours and wyy heep iy the Ieeboy fop many Months 1, should have
<Omew hoy burpligy blye shade Filter before uce (Rlpenmg tan al g po achieyef

g, m; ort bo )

e
Dliate |, 05 cent )dmchlonc actd aleohop for aboyg one half
Inutes

e
e melrrse 035 pey ent solutyy, of phoephatungvtxc aed for one ¢, tro
mmu‘tﬁn h und, he tap g five mupy g, The scetion should reg Wireds) o fo
I)lﬂ'ercnmte n 85 to gy aleohof Until g cofty stand oyp deep
lear

1 ber eeng .
10 Transfer 0 95 per tent and absolyte aleohols o, " Rlene ang mount 1y

Resulg B celly deep blue o
1SUOgnshy bl being req like & gy Also the o
r

:

guman Paneregq 810 Bencogmets has Obtained rbry"beauusftl;fn::zﬂz”:'
anma} Mater;q) With o modxﬁcahon which consistg essentiafly d"llfe atretig
poncean fichg, after step 5 Tosing 1 1 Per cent acep,o 2cid differ,
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1 pxr cent | hosphomolybdic aerd placing aguin n 1 per cent ncetic acid [or one
mimite then dehydrating n 3 changes of abeolute aleohol  He uses & madified
Zenker formol for fivation

Gomoris Aldehyde Fuchsin®

Tius st un under proper conditions gives brillint re<ults smp irting a deep purple
+hude to the granules of the 8 eells  (See Plate If1)  Ehstic tiseue and mnst cells
are alsostaned  Almost any fixative may be used but formalin formot-sublimate
and Bgum’a Aud are preferred

B

3 Rinse tn water followed by aleohol 70 per cent

4 St fifteen to thirty minutes or longer even overmight m a Cophn par filled
with aldehyde fuchsin

The dye 1 prepared as follows add 1 ec concentrated bndrorhloric acid and 1 ce
of piraldehyde US P to 100 ev of 5 85 per cent solution of bye fuchsia in 40 to
70 per cent aleohol  The color changes graclually (in about twenty-four hours at
feom temperature) to a deep purple almost mdistinguishable from that of gentin
violet and 1¢ then ready for use Gomon states that « lutions keep for sbout four
weeks ot room temperature and for over «ix months in the seeboy  Frech solntions
sta faster than old onex  The stan may be nnced off with aleobal a1 the alidex
inspected durmg staog,

inee 1n several ehnges of aleohol (romdentration not stuted) and counter

stam a8 desired A trichrome method such as Gomon s or Misson « ! contamnuy,
agrecn motablue dye 1ssatisfactory  Here agamn difficults may be encountered
uLstanmg the « celle  The D cells are said to take the green of the counter tam

Bensley's Modification of Mallory s Anline Blue Stam
L T S Y .

5 Dehy drate in atcohols, clear and mount

Terbriiggen's Modification' of Bensley s Acid Fucksin—Methyl Green

! Rather {a) fix in Helly s furd or (b) so th thin pieces of Hrmalin hyed tiseue w
3 per cent potasum bichromate Cr 8 week

2 Stan paraffin sectione twa hours tn w 10 per cent dilittim of & aturated
{hout 12 per cent) solution of set § fuchain

3 Differentute for one-hall to one mmute 1n 2 per cent arqueons methnl green

4 Dehydrate sopfly, clest and mount

We have had ocraswonsl good tewlts with thus wothod  The a cetls are red 8
eelia Hurh violet

Gros Schultzs Siver Impregmation

Ths imperrtant method ornginally intended for nerve hbers anit populnized §
Ferner,? has boen subjected ta extensive stady b Haultquist aml eo-workers
Thewr modification 13 given here
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Bluchs of panere1s not more than 4 to 5mm  thiek are fived & hours ur more st
miorterm in 10 per cent forroalin - Tissue from evperimental antmals (freshly hilled)
must be relled i a prece of skan to protect from dry g and hept at rcom temperature
for several hours

1 Make frozen ections ferene 1 distiled water, wash twwce m frosh o tllel
water  Sections must remain at least fifteen mmutes 1 distilled water

2 Very fatty pieces of pancreas are treated twice for fifteen seconls i pure
pyrrdine  Then wash ia fresh distilled water until water s entirely free from odor

3 Sections are transferred with a glass rod to 20 per cent silier mirate . The

material It 15 about one to five hours for rats fetuses and pemborns about
three to twelve hours for adults

4 Sections are put 1n aqueous formahn diluted 1 to 4 n & series of dishes and
changed uatil no more white clouds come off They shoud not be tn formafin over
10 migutes

5 Sections are transferred to ammonuzeal stlver mtrate (see below) made as m
the original method except that not a single dr?p of smmoni1 beyond that neces

e oaenr oo

1 (pa)
drop
ald

srtant
avdad

fusely black i
6 ecttons are tranferred to dilute ammoma (2 parts ammoni ::dmiu):“;
mtne nad
n chlonde
tng n gold
arned out
o be xr‘!
hle
herent mn all silver methods however, with 2 little praciie, 1s s sroducrb
results ean be obtamed

of Mullory s Phosphotungshic Aad
Hematoxyun

fived tissue and recene n disti
tassium permanganate for one to one

1 and Teguer s

led water
1 Cut frozen sections of formaln e d one-
2 Place sections 1n 0 5 per cent po!

half munutes
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3 Bleach 1n 0 25 to 0 5 per cent sodum bisulfite (one-half to four miutes)

4 Veash quickly 1 3 changes of dietilled water

5 Treat for three to four hours in 4 2 to 5 per cent <ol itin of ferric ammon tm
sultate

clouds disappent
a0 fr,

! ' [ S .

] -t 1 . 1 .

- 1 [
the same 5s the method used by Gomons for paraffin sections of Boum fixed pan
erens

Friedenwald s Method for Whole Mounts of Retina

Tle retiny may be dissected out from the eye after fivation m formalin or other
Exative and may be recorered from tiscue already embe lded 1 paraffin by meltng
the block 1 t} ¢ oven an 1 carryng the tissue back through xslol an alcol ofs to
water In either case the del cate translucent retina should be carefully separated
fr m tle deeply pigmented chorod It 1z washed i tap water for twenty four
hairs thenin distilled water

1 Place the retina (ysually eons emently cut into sbout four } 1eces) 1n Hutrhh? .

- - whe

' una

3 Place in reducing rince for twenty minutes  (Dissolve 1 gm potasswm iodi e
and 1 gm sodwm thiosilfate pentahy Irate 1n 20 ce dictilled water  Ad1 with
strmng 30 ce ettylsleotol tten 05 ce 2 N hydroctlone aeid A § recip tate of
sulfur slonly forms and 1< allowed to settle out but the rolution may be used
1mmediately )

4 Wasd in dist lled water thrty to ercty seconds

boo ot . ~ “nore 2\ hydroc! loric
- nisture pontaneously
Precerve i tte dark
. it
I - o

10 tn0 changes of abeolute alcohol for ten n inutes each clear i xylol and mount
nbalam nerye-fiber aver up

‘Te capiliary walls and microaneuryms are brought out with remarkable clants
(See hig 57 and Plate 111)
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Sty thirty 4, thiry five mmut 50 C Cqual prgy of
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Totsl cases
A Coma present
B Coms absent

APPENDIX C

1980
1924 through ¢

ta 1924 101930 1937
105 157 224

39 125 195

1 Cardiorenal vascular lesions

©

4 Hemachromatosis
5 Pulmonary embolus

8 Insuhin reaction (hypoglycemia)
7 Acedent

8
q

& Artenosclerotic

- fa T

[T

Other caizses
Undetermmed

@ e o

Gas gangrene
Memngtis
Multiple abscess
Pericarditss
Peritomtis
Pneumona,

1 Bronchial

2 Lobar
Pyelonephnitis
Rheumatie fever

Renal disease, vascular
b Renal disease nonvascular
1 Glomerular

0 0 1
7 27 49
2 5 12
4 6 1
[1] 0 8
o 3 2
0 1 2
9 1 ¢
1 1 [
[ 2 2
3 7 2
0 2 4
1 6 5
4 12 2
2 4 2
0 1 1
o 0 1
3 12 30
0 1 0
6 5 4
o 1 0
0 13 28
1 1 2
0 4 12
0 [ 3
a 1 1
5 Q 18

Cauoes oF DEATH IN 818 DIABETIC AtToPsiES?

1937
hrough
1948

332
9
323

Totals

Per
Number  cent

818
136
682

268

213

106 0
16 6
834

328

06

20

Noocorow
movmowD

1



A A ow os loraz nof emnl
le on n 120
AnwEs n30a lal 16 medual 134
b Moo hebe gt pe 134
Vdx o ieg o gunrafle ed nd %
Kie B to 118 pan ea ¢
s hoox al chang < lue 1o 11 nbb leson 142
A'ns cell b ology of 19 renal 163
Y opolew 12 roen gen o dagnos of 31
A nbnmlarhlwhes 12 vaataoum n 141
A a r I
1 1
A 1
\ -

Aten ghnd ot al wnom of and

K 201 1
be mm 1 0 a0l 2014 28
1mn hed fu ~ on 207 B u o nfr u kR
€pe nonaldabees 234 sang ene 125
hope jlasa £ 201 Bone pgnenta o f 100
o nfa 1 25 Ban hinges o nulnta "4
nedu a 204 oma pa holog 120
phmhmmo«) om0 puowen Lza onb 244
Voallbte 1225 g oge one of
nma o) lesons of 11
reoall, ot 0 1 Bronze d abe es 27
Aphnrrllhonoe Bu g nd ewe 15
L4 e nmn;n. 33
A dod
xnxmm 161 ¢
Anmal'd be an L1 14
Aotaa e ol 0 [ 132 Cuwr mov ofhoodvesed B 1
Luen dneof 181 of d of Lang h nx 39
: rolnxl w 13160 ofsh 10
o

12 g
2 i i3 walt 1
1 D LRURLY
18130

1 140 )43
1 hlk)ﬂl'l“ 132
Ton S
Poan Tmas g
e ol 11l
"% e
E ATy
o
s o « o
¥ " flelenon o ehem al al~of 1n
Tle ~ 1R ™ a1 sbe e 183
wre cand 151 Tevad net of n 1 be ou 1S,

{(n‘«u(dn! 211 "0 3 W

130 nro-a ny ook 9

n dnce n labe e 1R 130 C reb Alar mlmh 17818

o o 19 N

14 d in U0 \(mnn c.uun!dnhlndqlr 1

Ipoproens 14 heredy 3 and d abe e ne wrin W0
m

2R
B
©



332 INDIA

Ch\ll;u; 1;13 aline degeneration 1n

hydropie degeneration m 213 -
Iy l;)p;mc)hc mfiltration of pun e

1 sthology of diabetes 1n 210 -

vaseular disese 1n_ 215 veins, 188
Cholelithigsis  See Gall stones Fyehds 181
Cholesterol arteriosclerows and 143

xanthomus and 107

Cholme 113 b3
Cg? Iomlclrlf)n count 120 145
ear cells 26 FaT glycogen and i hver 89
Collacin 146 318 metai:-ollgvm of 1024
Collagen swelling of 146 318 m kidney 117 1
Coma 116 f m shin 104
abdominal distention i 119 1n spleen 102
brainn 120 Fatty 1nfiltration of 1lands of Langerhans
cause of death as 829 330 53
astrointestinal L emorrhage in 119 of pancreay 61
1y popfy cemie 311 Fibrin nets in retia 189
leukoevtosss in 120 Fibrinoid change 318
hperma n 120 Fibrosis interacinar 63
pancreatic lesions 1 118 mterlot ular 63
panereatitts and 120 of 1slands of I angerhans 40
pathological findings 116 in nondiabeties 76
orclusion 159
G

scleronss 158
thrombosty 158
Cortisone duabetes 45 47 284 209 Gars bladder 107 .
Cystie 292 293 ducase n diibetes melltus 10
ts pancreatic 71 stones analyses 0
Grts frequency of 107
Gangrene 151
D collateral errculation m 151

Deat couses of n diabetes melltus 211 | emboke 151
220 329 330 gas 125 151
Debydroaseorbe acid 280
Dental caries progressive 120 prevention of 156
Dermatitis gangrel o 1 Cay gangrene 151
Disheti~ nephrapathy 178 smlation Ty
neuropatly o Gangitie 12

Baclus ol nfe tion

retmopathy 183 12
effect on 1slets 22 Ay 302

Dog spontaneous diabetes i 11

Duct cells hustology of 18 Giyeogen 83 .

Daﬁts pnm‘rcaln.mnna(nmy of 16 ‘h;;:: :Illes;{e‘(t:\;:‘mlz x::om

metaplinn of T3 content of post mortem ver 314

deposition of effect of m<ulin on

E drtribution diagnostie value of 93

oye dmnbuhsn s"’)‘ o7 181

LapocARDITrs renty w dubetes melitus ‘ﬁu:a;?ok‘:fr g? S

| ndometriam cancer of 269 heart, distnl ution in 85 252

T‘ﬁtem:h;‘amnﬂg: cells lslunia%l Itmﬁrmn; 401 22 168
strebution i 9, _

1 prmodlastonotprgrese st 81| OBt f s g 2 45

T ,




INDFYX 333

e rukony e gepormon n 77 Ty ahnization of rlands natUIes of 3

hm “jutribution &8 ation  deSEECL ol

Tiser eelh nuel elens mmrm,m iy dro] m rh e 42

o aIney relation & o ln uiren oecurrenct 10 A

methods of femonstratiok 323 O rmentad dibrtes 0 s currence 1n 271

el volunt e A nation 1t 0 fulmnstink e aveurrence m 49
paneres, \an\mhrm w 46 gy cogen

piutars A position ot momm r\nm{ ﬁl|\|<||\ 10 4b
placent dmn\mhnn m '7 ‘“\wm\\ cemit anl 282 2%
ot T mm d\:mmw rane e 0( 314

reseryation Y i
Yian content of ks

X3
“\p«rgl\rrmu 1\\:“1{“\0\\(14 (HG)
ewr 27 2

Gheowuriy smmmh nml w) cment

adrenal \umn an medmo—\ega\ gnifie e of 31

emotiond m yumors of Jand< and

Tadney, BB mg( me nfiltration 1t 168 aneastI enes 1o neulin 216

ptastary and th road<m [1abrtes. melhtut and

G appar M o 1)

Comort'a xtmoir g e shuds 21 Jiopogh i patholog? 214

Gomads 208 Th popti ent diabeits z

Crone 7t 0 <tuin, o 226 512 125 Uy pophy s Qee Prtut i

wraund subet \l\‘v [ig “\pu\h'\\nm\r‘ ‘jeions of 1

Guoes e e 21 Tiapoths rodrsn Tapertrapht of lsnds of
annee 10 oxn 276 ong phans o 200

ol panere
il

L AnT, abeet 88 & of, TumBITIoN theors of urlrnrmlvnml iz
nulnrnn\nw rl\n(\ u\ ol ete meihitus

11
[ofant mortality 21

6] Tnfante of diabetn mmhm s f
glyeor ron\m\\ of Bo 166 \n{ecnon n{r
epertrophy of 182 feenuee of diath 20 40
i infante 23] of diabetes
\nfarets of 157 focad 120,
' youth 151 360 fungos ¥
2 angrent and
Hemochrom o 226 7 el pepietance 1, 126
ehols iy of 228 ary amportante, of 126
T respe e R nd 23 ynegiar Bypethe 7ol
e et pugeneraton i 206 ot aiteres 240
Hom fusen 223 O odies 1o 233
“en\un!mm Kmmmmmu\ mcoms 11912 e 216
oo 4351 A rebieat «freets of 213
uenm\\mn .. | content of pancress 3
wmmwg of efrsnes wntt ent ol eausesof 27
“ﬂl\\‘:lmlw B cogeme T wenf -r:\ eftf-lum‘un\mmm et on 2
il
“Pp\\umr( See Lyver Fvengen depeitiof & et on, W
Ueredity d .\um mellitu and 0% Ty dropi © degeneratt R ‘efecton 3%
exohmase 32 301 Vb D natenees 4 216
Uaatine \\n\\unlmn n wlands W I\-dmv\\
wrgn of 3 Yoer ehos effect o0 10
aning m.:\...“ut groductic? o
Yualme w fungs 53 Tearte \(m
I nhnm\lmn . 't .qmn« o L‘ng‘ rhm A esl f\m\:ﬂ\ " 2
sdence of 3 .«ilor n Gatat 341
nm\\»ﬂlh 3 NS m\l(an
ugieation of carcinoma o of pmm-- and T
f % N ehromatceit 2L 76
\n adenomas, 33 beer mury 04
lence of W et of Lk durs pintary & ueense and 3
ton 37 thromboat Ih atie -mr\ an

on 31
n ondiabetier ¥ ) ppralinase 23



334

Intercapillary glomeruloscleronis 170

chnieal recogmtion 174

expertment;

al 173

histogenesis 171

Ins 18
Istands of T ang
absence of

no;iuhr form 171

e.:lmm 21f

1 nondiabeticy 71
adenoma of 51 210

alpha cells
amylod 1

23 23,
33

plasia of 57

wgentatfin

reaction 2

beta celly 23
blood supph «f 28
llv 24

I

wasltfiention of 31

capsulc of

i

drenom of 241

D cells 24

development of 16

chet effect
ifferential

of 22 303
eell counts o8 ff
21

distribution of

fatty mfiltr:
fibrow of

ation of ¥

1n pondiabeticw 7H

glycogen

1

grunles spectfic of 23
stun for 3124

ydropi change of 427
esperiment al 1 rodu fion «f 273 f
m pon habetacs 4

huperplasit of m nfar ts 254

hvpertrophy of 49

n adren

n nfants

Linsuff eren v 202
2]

m nonduit ety ~ 80
Ismphors tic mfiltzaton of 41 213
m nondiabet & ™0
mitosis 81 233
neerasis of 48
nerve supply of 28
normal i ditbetex elhity 22
o

number of

omgm of 16
post mortem degeneritt n f 44
P knotic nueler

m nondiabeties 73

qualitahve

changes m 31

quantriative changesin 21 22 %17

1egeneratio

n of 214 23

toxic mjury to 122

transition fi
volume of

qonten 11
iney, artenol

tom rermt 27

k

8
lat selerosts n 109

INDEN

hudney, fat in 117 168
gly cogen deposition 1 91 93 16%
m mfants 258
mgurs of saadoss and 1n
mtercapiliary (] merulosclero s 1o f

7
meed diabetic nephropathy 168, 178
necrotizing renal papillitis 156
prelonephritis 175

Trvs (82

Lipemis 102 120

Tijocaic 112

Lipochrome ~10¢

Tipod dej ot w1 ey 102
1omiteas B4 40

Tipoprotems 14,

Iner enlugement of 111
fatty mfitration of 111
flwd content of 117

function tests 114
o .k

. 1
Long dwiatio 1 cascs 218

Tvmphocy tie u filiation of wlind [
Tangerhans 41 213

Al

unpe
Muscle voluntny ghecgin e 1 tent of 0f
Mo atdmm_ sbicess ol

Myvedom dust etes an 1 207

N
Nervous svatem central § ok of 101
¥
Nesho 1) stoma 241
Neurttss pergpheral 192
Neurogenie diabetes 209
Neuropathy disbetie 192
arteriolnsclerons tn 103

(o]

Osesity 301
experimental 286



“Onkoeytex,! 21, 25
uancs, atrophy of, 204
n infants, 260

P

TN lnnm\dm n- p.umm, 28
Panereuy, uhscN
aunr eells, §
oy s n{ 72
smatomieal rlations of, 15
anerioncl o of, 65
fonwd supplt of, 17,506
ralrals in, 64
raranon of, 72
iy n-lm.mrr, il 237
Talon 10 diibetes methtus, 270
sty of, 78
«-whmmml of, 15

r\\q\ng\ ul Habetes, nu\! 2‘0
g\?\\\ mmlmmn of, 61,
1 (, 5
fcttum of, 152
RY togets tn durt< of, 41
Konm, §1
(\eln'\vhmmx\\nu» sffect on, 226
histology of, 17
;n*alm mmnu! 102
ieawia of, m ll hol 3
e o mm habebyes, 36 7.
metastatn § \\m\nN o
Serve supely of, 9%
normal, 1
n-mm\mn of, N3, 208
far of, 73
»tait far, 32
< phahs of, Fx'v
Sberevins ot 7%
m;m of, 15, 71
lmn‘ml-‘rmm\ 274
TXprrimental, 274
Pan h'(rnll(‘ durts, 18
£ogen 1, Of
P.nrmtm- rr,"'}r

mmmm\« Ao, 20
'M(F Iﬂl{ Sehaet

{.;r(r;\:::;‘nr\ Wy b, !2!5
Pf\lf:p‘(m(xv\‘, u(\ \mm 19
etuly ct
i b o dhetes, 704
Ditutars gt n Srudophibe et 18
?-mn‘vh\(\(' &
and, 2

55!

(hmmnpi, he rella,

Aurbotes melliny -ml \w, S, 297
isease, wmaalin teystrnee and, 236
S¥perumental dinttes, 250

Eheogen drpoobion 1, 07

£henmuna ng, 195

K th hormane, 561

Boman, and djabe 1, 3%, )95

Schfl vengent method, 171,

INDEX

Placenta, lycogen docribunas 0, %

hipoids 1,
weight of 25”
Poeumonia, 123
43 canse of doml\. -52‘1 h()
Pols saccharides,
Post-morte mb!nml g, sn e
hagnoss of disbetes
Potassium, 121, 166
Pregnaney, 249, 264
Prematunty, 251
Praritus, snfection n«u\\\uu from o7
Pry chogenye orvm, 301, 310
Pyelonephntie, 175
renal papilivis, 176
Fropente infectsons, 122
i Prorthen, 126

t

R

Rermaeme ehmn s .mem— o
Regeneration of

335

Retyenimanduthn o rlle \\)m\dmﬁhr o

of, 102
Retinn mwmm»uruuv of 1R
Retmfun probfess:

Rewopathy, dn\n»h\ \L
Hmn\g\-nnl«mm\ mothods 141 th2

[
| .

SRp kR Wi
Slan, Buolhus coly m(nu-m of 47
ealetfientinn of, 1
&Y gapEront, m\\uluunn n 175
Spmnal rord, b wnges (94
Spleen, fipowt deposits m, 17
Splent’ arters arterys Yoromss of 65
Brams, 17

T 23 26 5 204 325

ot

<0n‘\))\]ym\rr\ll albue s of 121

Bterhity m nale

| Ktamek, distention of, 110

| Etreptoroerus ifectyon, 12

1 Strons, ant dulwetes, 201, 03

| Sulhy drs | compounds, 312, 29

S philis, deaths due to, 125
prncrestie 4 anges i, 64, 12]

1
Jummmwum (.x.x.«mm n
m, ecrriant
. mmnm.ln
Thvimus,
Thvroud, "MI

an
Thyroid diatietes, 292, 29
Tranmuon thears . l‘-‘ '-‘l 26 In
Traumanic duabetes, 10 n

"nmment 1n relation n, compheations,




23
334 INDE

lmcrmg;@an glomeruloscleroas 150 1 L Te -
! ,

chmical recognition 174 )

espermental, 174

histogencas, 17
. nodular form, hl Y
Thad of Langerlions 21 7 nevtohg s T hrapatin, 165
1zing renal papi i~ 176
absence of 0 D eloneptite 1o 1

m ncndul»enm i
adenoma of o1, 210
alpha cells 23, 20,
amylowd 1, 33
apiwa of 57 2, 182
l\xrgentulsﬁn reaction 23 ilp«mm 102 120
ta cel 23 apocaie, 112
blood supph of 29 Tipochrame 106
C vells 51 Tipod depomats spleen 102
ealrification of 31 Tipomatous 61 37
capsule of 27 Trpoproterns 14
«arainoma of 241 Liver, enlargement of 111
D cells 24 fatty mfltration of 111
development of 16 fumd'rom'em of, 112
et effect of 22 netion fests
differentral eell conntx 3% .:1 sogen immun((%[ D
distribution of réle m dinbetes 3
fatty infiltration of 31 weRht of i dibetes 111
fibrows of 10 Taver eell nueler gl cogenie vacuohz
tn nondiabeties
ghcogen n 46 Long duration cases, 218 §7
grintles specific of 24 Ty mphoey tie anfiltration ¢ f i~ nds of
<tamn for 324 Langethans 31 213
hemochromitosis regenerttimn 233
hemorrhage into
hyvahne ehange of 31 7
1 nondrabietics 70
I dropic change of 42
espenimenfal production of 27 f
in nondiabetic~ 79
hi perplasta of 1n infants
I pertrophy of
in wdrenl inufficieney 200
wonfants 244
1 nonduabs ties 80 Mumps 42
hmphoes tie n';g]tmnm\ of 41 213 | Musele voluntarsy glscogen cor tent of
m nondiabetres ¥ Miocardium abscess of 165
mitoss in_81 Mivedemy durbetes and 207
necrosts of 18
nerve suppls of \
normal 1 d._\um mellitus 52
number of 21 56
ongo of 1§
post martem degenerttion of 44
prhnotic nueler i
0 nondisbeties 70 - '
qu itative changes 10 31 i Nervous<istem ecntral pithal i o
quantitative chaages . 2122 BF |\ Dol stoma 241

A

2

=

o .

I.’,‘:',":".‘.’,}.',':"“("J 122‘_,4 2 Neuritis penpheml 192
e Neurogenic dial

lr:;n:]tlot;f{&m aemm 27 '\eump‘ﬂh\ djsbeup 102

solume of 22 arteroloscleroas m 193

N 0o

RETONURIY, OsEestry 301
B otar seleroess 1 169 eepenimental, 256






330 INDFN

umors metactatie o pancress ¥ von Grerke 8 dease 99
Types O

@

f dabetes
AN

Y]
1 maY 1 yascular disense 13

Untr¥Id concept 310
285 20} ~anthemi® 106

Unic acd dnbetes
~N\anthoma cholesterol content of 102

disbeticorum 104
\ \anthomatost* generslized 100
| ascoran diese 120 7
yemns of retina 1 Z
Yerm¥ ‘membrant, 50 253
A timn C w aipte cells 26 Zusoaes grapules 20






