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1. 

Preface. 

This thesis is sn account of my researches 

in the sphere of the pancreas. It was carried 

out at intervals over a period cf' about 18 aears 

and represents the product of a little spare time 

and much over time daring a life 'Mee to capacity 

with routine hospital, teaching, literary, 

admInistrative and other duties. Strangely encugh, 

the first case I was ever cfficially given to 

investigate as a medical student ;9s a thirteen 

year old boy suffering frcir diabetes mellitus. 

I can well remember the :rerning when, to my 

consternaticn, fr. A. Fergus liewat asked the 

clinique to gather round and listen to rro give a 

resume of the histcry and condition cf my young 

diabetic protg4. That was five years after the 

discovery of insulin by Banting and Best (1921- 22j 

in Toronto., I sometimes wonder what became cf 

that boy and whether with the help of insulin he is 

still alive or whether he has suceur-bed to ketosis 

cr infecticn or some vasauler complication. 

The research, however, really originated in a 

casual meeting with Ir. John Mason at the west 

gate cf the noyal Infirmary, Edinburgh, one morning 

in the year 1931. L r Eason was then a senior 

physicien in the Infirmary and a specialist in the 

relatively new field cf the internal secretions. 

He was interested among other endocrinclogical 

problems in the aetiology cf obesity and enquired 

whether/ 
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whether I had ever examined the pancreatic islets 

in cases of this condition. I naturally had nct, 

since such an idea had never occurred to rie, but 

being then an assistant in the Pathological 

Lepartment cf the Infirmary, I did nct have to wait 

long for material upon which tc make trial of the 

suggesticn. The pancreatic islets in the first 

obese subjects I examined. were suspiciously enierged 

and thereby encouraged me tc proceed with the 

investigation en a properly controlled basis. An 

account cf ry findings is given in Sectien II of 

the thesis. This work, apart from any intrinsic 

value, had the cual effect cf creating in me an 

interest in carbohydrate metabolism such as has 

grown increasingly greater with the passin7 years 

and incidentally cf indicating new fields for 

exploration. Cne cf these was naturally the 

functional condition of the enlarged pancreatic 

islets observed in a proportion of obese subjects. 

Thus I soon found myself with the kind permission 

of Professor D. Murray Lyon and the willing 

assistance of Sister Ruth Pybns carrying cut 

suer tolerance tests in obese individuals in the 

Lietetic Cut-Patient Leprrtment of the Royal 

Infirmary. The results ef the tests were correlate 

with the duration cf the obese condition, the amount 

of overweight and ovarian function and in respect 

cf both these ccrrelations and the conclusions to be 

drawn therefrom are described in Section 

Reference to crieinal erticles i propos the 

investigation/ 
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investigation incidentally disclosed that sugar 

tolerance was distinctly greater in the infant than 

in the adult. I was much taken with this 

observation and thought that it might be explained 

by the presence cf a relatively larger amount of 

islet tissue In the infant than in the adult. 

I therefore decided to put ny idea tc the test. 

A necessary step was the assessment cf the quantity 

by weight of islet tissue in the Individual 

pancreas and the means cf doing this were fortunately 

already at hand in the projection technique outlined 

in Section II. Further consideration of the method, 

moreover, shcred that its expansion along certain 

lines woald render possible a determination not 

only of the weight cf let tissue, but also of the 

number and average weight cf the islets in a 

lsncreas. So the whole concention cf the next 

investigation was broadened frcs a mere correlation 

of the sugar tolerance and pancreatic islet tissue 

in infancy and adult life to a ccnprehensive survey 

of the growth of the 3,ancreatic islets numerically 

and dimensionslly snd also relative to the growth 

of the pancreatic acinar tissue and body as a whole 

during the period between birth and late middle 

age. Such work was timely in view of the ignorance 

and confusion extant in the literature regarding 

such simple questions as for example, whether the 

islets increase numerically after birth and the 

average weight of islet tissue in the adult 

pancreas. The relative data are analysed and 

illustrated/ 
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illustrated graphically in Section I. This piece 

cf research, although in reality performed third. 

as regards order, is placed first in the thesis 

since it deals with the normal development cf the 

pancreas and ought accordingly to precede the other 

investigations inasmuch as these rill hove a 

distinctively pathological trend. 

The years approaching 1940 saw me absorbed in 

the writing cf a volume on " Pathological Iiistotvgy 

but during the making thereof I was fascinated, 

like all other interested people, by Young's (1937) 

productien in the deg cf.prmanent diabetes thrcugh 

giving large, Increesing amounts cf anterior 

pituitary extract. The mainly degenerative changes 

observed by Richardscn (1939- 4C) in the pancreatic 

islets of those permanent pituitary diabetic dogs 

were se reasonably similar to the phenomena describe 

by Warren (1938) in the islets cf human diabetic. 

subjects as to warrant their production and 

further study. I seen realised, however, that 

the limited sup 7 cf ex pituitary glands available 

at the Edinburgh Corporation abattoir and 

consequently cf anterior pituitary extract which 

was able to prepare therefrom would. be quite 

insufficient to maintain such large animals as dogs 

and so I had perforce to chocse smaller experimental 

subjects in the shape of English rabbits. The 

results obtained on treating 28 of these animals 

with the anterior pituitary extrsct of my own 

making are given with protceols and graphs in 

Section/ 
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Section IV. My experience here was akin te the 

accidental discovery by von Merin g and vinkowski 

(189G) of how nencreatectomy produces severe 

diabetes in the dog. Thus my rabbits responded 

to anterier pituitary extract by showing not 

anticipated destruction, but converse growth of 

the islets as evidenced by enlargement and very 

occasicnally a differentiation cf new islets from 

the ducts as in the embryo. 

Luring the investigation I further observed 

thet some c the animels, while being, given 

anterior pituitary extract, increased in weight on 

a diet which was previously just sufficient to 

maintain a more or less constant body weight. This 

phenomenon aroused my interest in the intimate and 

now well recognised relationship between anterior 

pituitary extract and growth. As the protccolo 

show, I had enough data as regFIrde the body weight, 

feed consumption and pancreetic Islet tissue cf 

15 of the animals to indicate certain conclusions, 

with particular reference to the increased amount 

of insular tissue as part cf the mechanism whereby 

anterior pituitary extract encourages grewthe The 

data and conclusions referred to nre set forth in 

Section V. 

had. just completed the foregoing research 

early in 1943, when the Ucnyman-Gillespie Trust 

invited me to give an open lecture in the Royal 

Infirmary, Edinburgh, on s subject of my ern choice. 

I was at once naive to the honour and onus of such 

an/ 
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invitation and felt that I could not do greater 

justice to the occasion than by living a review of 

the factors concerned in the syndrome of diabetes 

mellitus, incidentally incorporating my own 

experimental observations. The presentation of 

this intricate locus of the metabolic sphere 

necessitated the preliminary selection of a plan 

allowing treetment of all the facts in as lucid, 

logical and ccmplete a manner es possible. Any 

rorker in the field will readily admit thet the 

conception of such a framework io by no means easy, 

but will probably egree with the plan adopted for 

" The Aetioloey of Diabetes Mellitus " in Section VI 

inasmuch as it permits a reasonable lay out of 

many, if not all, cf the relative historical, 

physiological, pathological and experimental data. 

Section VI, with the omission cf the fourth part, 

has often been given and, t understand, arpreeiated 

as a postgraduate lecture, The explanation of 

this may lie In the first three arte representing 

a concrete, circumscribed attempt to elucidate and 

correlate some of the outstanding features of 

diabetes mellitus in terms of experimental 

findings and so to bring some sense and cohesion 

out of otherwise ccnfusion and disharmcny, while the 

last part introduces a subject of greet and growing 

importance in the conception of the disease 

etiologically. 

I communicated Section. IV to the Pathological 

Society of Great Pritain end Ireland at Manchester 

in/ 
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in 1942. At that meeting I was imilediately 

preceded in the programme by the late Prefesscr J. 
Shaw Dunn of Glasgow Who described in characteristic 

.manner his new universally famous discovery, again 

purely by eccident, of how alloxtn produces rapid, 

selective necrosis cf the pancreetic islets in the 

rabbit. My contribution, on the other hand, 

consisted in an account cf the way in which the 

pancreatic islets in the rabbit could be made to 

grow by means of enterior pituitary extract. 

Alloxan and anterior -eituitary extract thus contrast 

in causing respectively destruction and growth of 

the pancreatic islets in the rabbit and these 

ceposing actions accordingly occurred to me as being 

capable of ccmbination in a single and seemingly 

worthwhile investigation. I therefore nade a 

number of rabbits severely diabetic with elloxan 

and then treeted them with anterior pituitary extract 

in the hope of alleviating and even, if possible, 

curing the established diabetic condition through 

the pancreotropic action cf the extract. The 

results of this prolonged research are described, 

illustrated graphically and histologically, and 

supported with protocols in Section VII. The 

necessity cf controlling my findings in the work 

just mentioned entailed the administration of 

alloxan to several pairs of litter-mate rabbits. 

The animals cf one pair were both. made permanently 

diabetic with the compound and are detailed in 

Section VII. The animals in another pair 

responded/ 

7. 
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responded to elloxan by showing only transitory 

diabetes and were thereupon used in one case for 

Injection with anterior pituitery extract and in 

the other as a control. My findings and 

conclusions in this limited and yet reasonably 

controlled experiment were similar to those in 

Sections IV and V and ere laid out in Section VIII. 

Rich and Duff (1936) in comprehensive paper 

on the aetiology of acute haemorrhagic pancreatitis 

drew attention to cbstruction of the duet system 

of the pancreas as being in their opinion an 

important factor in the production cf the condition. 

They cited as factors capable of causing duct 

obstruction and subseTuent pancreatitis a gall 

stone impacted in the ampulla of Yeter, duodenal 

diverticulum, pancreatic calculus, carcinoma cf the 

head of the pancreas, and particularly hyperplastic 

transitional metaplasia of the lining epithelium. 

During the following two or three years 

encountered four cases cf perivaterine duodenal 

diverticulur, cf which one was associeted with 

gross distension of the main pancreat o duct and 

fibrotic atrophy of the pancreas and three with 

acute haemorrhic pancreatitis. The four cases 

were written up and used as a basis for reviewing 

the compliePtions of ducdenal diverticula with 

perticuler reference to- acute panereatic necrosis 

etiologically. The material with neeropriate 

illustrations including twc in ccic171.. constitutes 

Section IX. 

The/ 

8. 



9. 

The above is a brief account of the origin and 

growth of the thesis. Its ccmponent sections at 

or about the time of their completion were 

communicated, by offer or invitation, to various 

medical bodies including the Pathological Society 

of Great nritain and Irelard, the Association of 

Physicians of Great Britain end Ireland, the 

Liabetic Assoeiation, the British Plotetic 

Association and the Edinburgh Pathological Club. 

As indicated on the title page of each section they 

have all, apart from Section VIII, been published 

in the Jcurnal of Pathology and Bacteriology, 

Quarterly Journal of Medicine, British Nournal of 

Surgery, Journal of ndocrinology, or Edinburgh 

Medical Journal. Section. VIII is abcut to he 

submitted for publication to the Journal of 

Pathology and Bacteriology. 

Particular attention Is drawn to the fact that 

no attempt whatever has been made to modernise 

the conclusions or references ln any of the earlier 

parts. Sections II and III, especially the former, 

may thus appear incomplete tnaanuch as little or 

no reference 13 nade during the discussion of their 

results te now well reccgnised facts such as, for 

example, the influence cf anterior pituitary extract 

in producing nitrogen retention, increased growth, 

diabetes and enlargement of the pancreatic islets. 

Modernisation, however, was after due consideration 

regarded as impracticable and replF:ced by the 

simpler ext.edlent cf presenting the various sections 

mere/ 
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more or less as they were originally published. 

This conservative plan serves two purposes. First, 

it reveals any progress in personal ability to 

approach, plan and prosecute a piece of medical 

research, and secondly, it epitomises the growth 

of knowledge in certain spheres of carbohydrate 

metabolism from the time when the pancreas was the 

main centre of thought through the years dominated 

by the anterior pituitary gland and adrenal cortex 

to the present dray when alloxan diabetes is 

beginning to open up new correlations between 

carbohydrate and purine physiology. The hope is 

accordingly entertained that the nine sections of 

the thesis, although individual in their conception 

and prosecution, may be read tnd regarded as e. 

composite whole, reflecting the progress of almost 

two decades. 
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I. 

ection 1, 

A QuantitaJive Estimation of the Pancreatic 
emolown a.......s.. 

Islet Tissue. 

This Investigation is a studly of the pancreas 

between birth and late middle age as regards :- 

(1) the weight of ocinor tissue ; 

(2) the weight cf islet tissue ; 

(3) the average weight of the islets ; 

(4) the number cf Islets ; 

(5) the rcunt of Increase of 1, 2, 3 and 4 ; 

(6) the rate cf increase cf I, 2, 3 and 4 

Individually and relative to both each other and 

the rate cf increase cf the weiF,ht cf the body ; 

(7) the variation cf 1, 2, 3 and 4 at sny 

given age ; and 

(8) the possibility of sugar tolerance being . 

greater in the infant than in the adult by reason of 

a relatively greater ;mount of pancreatic islet 

tissue in the inftnt than in the adult. 

Isoteria/ and Methods. 

The material consisted of IOC human K,ancreases. 

The 59 female and 41 male subjects from whom the 

pancreases were obtained varied between newly born 

infants and an adult of 64 years and in every instance 

appeared poet mortem to be normally nourished. They 

had incidentally died from a great variety cf 

causes, e.g. bronchopneumonia, cerebral haemorrhage, 

perforated/ 
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perforated gastric ulcer, burns, etc. 

(1) EplAplatiL2n2LEALtL91114let tissue. The 

method employed was the extension cf a technique 

previously described by Ogilvie (1933)e It was at 

first thought to be original, but was later 

disccvered tc have already been devised by Heiberg 

(1906). he used the method, however, tc make only 

a single determinaticn cf the weight of the 

pancreatic islet tissue and nc record of any other 

such estimation has been found in the literature. 

Each pancreas was carefully dissected cut, 

freed as much as possible from fat and weighed in 

grams. Blocks cf tissue were taken from the head, 

body and tail cf the organ, fixed in Helly's bichromate- 

sublimate-fermelin solution and cut in paraffin. 

The sections wore stained by the azan method and 

thereafter showed reasonably good differentiation 

between the islet and acinar tissues. 

The stained. section from the head of the 

pancreas was fixed into a microscope with the tube 

placed horizontally instead of vertically. A strong 

carbon-arc light at the objective end. (Watson pars 

2/3) aad a prism fitted to the eye piece (Watson 4) 

were used to case an image cf the section with a 

magnification cf 12C on a sheet of quarto notepaper o 

Fifteen unselected fields of the section were passed 

by means of the movable stage over the sheet and 

thereon were traced in pencil all the visible 

pancreatic islets. An estimate cf the tctal area of 

islet/ 
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islet tissue in these fifteen fields vas obtained 

by first weighing the sheet in grans end then 

measuring its area in square centimetres : then all 

the islets were cut out cf the sheet with scissors 

and weighed separately. The ratio 

area of islet tissue weight of islet paper 
area of sheet weight cf sheet 

facilitated a calculation of the area of islet tissue 

in fifteen fields of pancreas. The area of cne 

field and so of fifteen fields was estimated from 

direct measurement of the radius. The known factors 

now allowed a determination of the percentage area 

of islet tissue in the head of the pancreas. The 

same neasurement was likewise carried cut in respect 

of the islet tissue in the body and tall and thereby 

permitted an estimate of the average percentage area 

Of islet tissue in the whole pancreas. This figure 

was applied tc the weight cf the organ and so, on 

the supposition that islet and acinar tissues have 

the same specific sravity, an estimate was finally 

made cf the weight of the islet tissue. The 

impossibility of finding fifteen fields in sectiens 

of small infant pancreases was overcome by examining 

as many fields as possible and calculating therefrom 

the figure for fifteen. fields. 

(2) Estimation cf total number cf islets. The 

average area cf the Islets in the section from the 

hPati of the pancreas was calculated from the total 

area of a known number of islets therein. A similar 

estimate was likewise made of the islets in the 

sections/ 
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sections from the body and tail and so facilitated 

an assessment of the average area cf the islets, 

in the sections from the three regions of the 

pancreas. Now, if the average islet be regarded as 

a sphere, CABC (kAg.1 ), then all sections cf the 

average islet must represent planes between the 

centre of the sphere, C, and its periphery B. 

Therefore, the average secticnal area as calculated 

represents the area cf a circle whose diameter, ALC, 

passes at right angles through the midpoint r, of 

CB, the radius cf the average sphere. The known 

area of this circle allowed the calculation cf Its 

radius AL. CL being CA andL. CLA being 90°, 

CAr was 30°. From the equation tan/ ó&D (W) 

the line CI) was determined since it was 

the only unknown. 2 CD gave CB, the radius of the 

average sphere. The real size of CB was obtained 

on division by 120, the power of magnification. The 

real radius now permitted the assessment of the 

volume of the sphere CABC ( iì r3). Then, 

separate evaluaticn of the specific gravity of 

pancreatic tissue at 1.05 and the assumption, as 

before, that islet and acinar tissue have the same 

seecific gravity enabled the weight cf an average 

islet to be estimated from the formula, mass = density 

x volume. Leterminaticn of the weight cf an 

average islet and of the total weight of islet tissue 

thus allowed a calculaticn of the total number of 

islets. 

The/ 



5. 

The method can be summarised thus : 

Area of average islet on section s 11r2 x. 

:4_11 21 real raclus of average islet (sphere CABO) 

x 2 tan 30° AL x 2 x 5774 
09 

120 
.0096 AL 

120 

4-- 
Volume cf average islet El (AI, x 0096) 

4.1 (At x .0096)3. 

Mass of average islet Volumo x Lenity 

= 4.1 (AD x .009? x 

1.05f.. 

Number cf islets 

Total weig2Laf_Illet tissue 
4.1 (Ar x 0096)° x 1.05 .7 

The factors assessable in each ease were thus :: 

(1) weight cf body ; (2) weight of pancreas ; (3) 

weight of seiner tissue ; (4) weight of islet tissue; 

(5) weight of acinar and islet tissue per kg. body 

weight ; (6) average weight of islets ; and (7) 

total number cf islets. The calculation cf a case 

is demonstrated in Table I. 

The sources of possible error in the above 

method were four In number. (1) Infant pancreases 

sometimes raised the prcblem cf necessarily 

distinguishing islets from dactules and acini. Such 

difficulty is reasonable in view, as described by 

Laguesse (1895, 1909-10 ), Pearce (1903) and Kuster 

(1904), of the common origin of acini and islets fron 

ductules, but considerable accuracy in differentiation 

was/ 
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was nevertheless acInieved with experience. (2) The 

investigation was limited to only forty five fields 

in each pancreas, but the examination of a greater 

area was precluded by the tedicusness of the method. 

Regional differences incidentally were covered by 

the fields being equally distributed between head, 

body and tail. (3) Calculation cf the weight of 

islet tissue from the percentage area took for 

granted that isleteand acinar tissues have the same 

specific gravity. No way exists of proving this 

identity, but any difference is probably minimal. 

(4) The assumption of the average islet to be 

perfectly spherical was probably justified in some 

islets, but many islets undoubtedly aaparted in 

varying degrees _Irmo so regular a form. 

Results 

Examination cf the above noted 10C cases 

yielded figures summarised in Table II. 

1. Wei ''ht of (a) body (b) acinar tissue and 

tissue. Each of these factors follows a 

generally similar pattern of growth ( Figs. 2 -5). 

The curve rises rapidly during the first two or three 

years and particularly the first year of life. It is 

then characterised by consecutive phases of relatively 

slow and rapid increase in childhooe 14.. 12 years) 

and of relatively rapid and slow increase in 

adolescence ( 13- 21 years). The curve eventually 

becomes temporarily or permanently stabilised about 

21 years. The body weight increases between averages 

of/ 

18. 
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Table I 

NiD --- 
,170., 
-- 

Wt.of 
body 
in kg. 

Wt.of 
pan- 
.oreas 
in g. 

Vit.of 
aolnar 
tissue 
in g. 

Wt.of 
aeinar 
tissue 
per kg. 
body wt 
in g. 

Wt.of 
islet 
tissue 
in g. 

Wt.of 
islet 
tissue 
per kg. 
body wt 
In g. 

Av. 
wt. 
one 
islet 
in I( 

__ ,, 

11 F Still- 
born 

Z,C 2.42 2.30 0.77 0.12 0.052 1.476 le3.1,14 

1. Lied at 
birth 

4.3 4,Vrt2. 3,:)r/ :L.9(:: C,11 O.C26 0.421 

Still- 3e: T , ,J, C.c. 0.015 C.344 
30 born 

4 
L Still- ,z,,e 2.3C 2 .11 C. 6.3::-) C.C53 0.44? 

50 Still- 
born 

2,', 1.92 1.F.7. C.EL U.D 0.027 0.185 4B6,48 

6, ', 2 days :..., 3.4 20A?: '-:::- 0.12 0.035 C.508 

7. L 6 days . 1.47 1.41 C.4"3 0.06 0.021 0.508 1-2.S211t 

8. 'i:: 5 wks. 6.77 C.a. 1.7. 0.27 0.079 0.539 

9. 9 vi: s . ,::.: ,5 '2;75 2. (:,C (.,r,'C C(,) 0.026 C.237 379,Wji 

lo ..1. ,-li rths. .:_,,,i ,:. 611 ., 1, C '7 C.C7 0.021 0.366 18b,7) 

11 i 4 nth . él, -3 , 1.4:- 4C 1 . IL:: rl-f? 0.056 0.275 876,364 

12 ;.; 5 Ii7thS. 1C.2 7 4.53 0.44 C.N, 0.024 0.344 709,302 

13 1 6 Int..?17, ':,,.,', , --"! ,:-',.!F 0.98 (.11 0.022 0.421 263,658 

14 L 6 !-fts. 7:2' 5.94 5.72 0.97 0.18 0.031 0.237 772,152 

15 Dt1nS. 5. 9.04 0.flZ' 1.61 0.21 0.039 0.715 296,503 

16 I: 7 ths. V.:3 12.60 11.93 1.73 0.67 0.092 1.296 513,846 

r I: V -ftha. 5.1 6.2C 6.0C 1.18 0.20 0.039 C.22C 900,000 

18 ',: 7 1-n1.h2. 50 3.65 3.55 0.71 0.10 0.021 C.254 405,512 

19 T 8 mths. 5,5 4.42 4.22 0.7? 0.20 0.038 0.508 a93,701 

20 ': 8 mths. 6.5 12.78 12.31 1.89 0.4? 0.073 0.203 2,325,123 

21 1 9 mths. 9.5 13.23 12.77 1.34 0.46 0.049 0.680 679,412 

22 L 9 mths. 7.7 .7.33 7.14 0.95 0.19 0.024 0.169 1,1004592 

23 - 

i' 10 mt hc. 60'i 11.90 11.45 1.70 .f.55 0.082 0.607 909,390 
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N Sex Age, Wt.of 
body 
in kg 

Wt.of 
pan- 
creas 
in g. 

tft.of 
acinar 
tissue 
in g. 

ürt.of 

acinar 
tissue 
per kg. 
body wt. 
in g. 

vit.of 
islet 
tissu- 
in g. 

Wt.of 
islet 
tissue 
per kg. 
body wt 
in g. 

Av. 
wt. 
one 
islet 
in gU 

No. 
of 
isl._,ts. 

M 1G mths. 9.6 10.32 9.90 1.03 0.42 0.044 0.572 739,510 

25 F i 7r. 6.9 9.02 8.34 1.28 0.18 0.026 0.392 454,082 

26 F 1 yr. 7.4 7.42 7.21 0.97 0.21 0,029 1.817 117,226 

27 M 1 yr. 9.1 9.96 9.63 1.06 0.33 0.037 0.392 841,837 

28 F 1 yr.lmth.7.7 12.80 12.37 1.60 0.43 0.056 C.607 708,402 

29 F i yr.1 m. 9.1 9.83 9.49 1.04 0.34 0.037 0.642 529,595 

30 F 1 yr.2 ni. 6. 6 8.70 8.29 1.26 0.41 0.062 C.275 1,483,638 

31 M 1 yr.3 m. 7.8 8.10 7.83 1.0C C.27 0.034 0.447 597,315 

32 F i yr. 3 m. 9.2 13.15 12.53 '1.53 0.62 0.075 0.644 959,627 

33 F 1 yr.5 m.10.3 17.60 16.98 1.65 0.62 0.061 0.508 1,220,472 

34 F i yr.5 m. 8.9 11.89 11.18 1.26 0.71 0.080 1.240 572,581 

35 M 1 yr.6 m. 9.4 8.45 8.23 0.88 0.22 0.023 0.254 854,331 

36 M 1 yr.9 m.10.8 14.49 14.07 1.30 0.42 0.039 C.237 1,763,713 

37 F 2 yr.]. m.1C . 6 13.64 13.52 1.28 !?.12 0.011 0.680 176,471 

38 M 2 yfr.. 2 m.12.7 19.30 18.66 1.47 0.64 0.050 .840 755,952 

39 M 2 yr.3 m. 9.9 21.56 20.78 2.10 0,78 0.0E30 0.715 1,090,909 

40 M 2 yr.6 m.12.2 15.60 14.84 1.22 0.76 0.062 0.642 1,185, 358 

41 M 3 yrs. 10.6 12.76 12.54 1.19 0.22 0.021 0.476 457,983 

42 F 5 yrs. 16.0 28.60 28.17 1,76 0.43 0.027 0.447 961,969 

43 M 5 yrs. 15.5 19.60 19.21 1.24 0.39 0.025 0.421 926,366 

44 M 5 yrs. 16.0 24.30 23.7 1.48 0.60 0.038 C.607 988,468 

45 M 6 yrs. 14.0 23.00 22.4 1.60 0.60 0.043 0.758 791,557 

46 M 6 yrs. 2C.5 20.60 20,2 0.99 0.40 0.020 0.254 1,574,803 
! 

47 F 6 yrs . 15.5 22.70 21.87 1.41 0,83 0.054 0.478 1,736,402 

146 M 7 yrs. 17.0 42,10 41.65 2.45 0.45 0.026 0.421 1,068,884 

49 M la yrs. 25.5 21.40 21.05 0.81 0.35 0.014 0.344 1,017,442 

50 
F 13 yrs. 25.0 28.60 27.90 1.12 0.70 0.028 1.025 679,612 
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), Sex. Age. Wt.of 
body 
in kg. 

Wt.of 
pan- 
creas 
in g. 

t.of 
aeinar 
tissue 
in g. 

Wt.of 
aeinar 
tissue 
per kg. 
body vii;. 

in g. 

Wt.of 
islet 
tissue 
in g. 

Vit.of 
islet 
tissue 
per kg. 
body lit. 
in g. ' 

Av. 
wt. 
one 
isle- 
in 1. 

Nc . 
of 
islets 

___ 

M 13 7r5. $3.0 58.80 58.25 1.76 C.55 0.017 0.715 783,217 

4 M 13 7s. 52.5 44.6C 43.54 C.83 1.06 C.020 0.644 1,645,963 

4 F 14 yrs. 34.0 55.50 54.91 1.62 0.59 0.017 0.643 917,574 

1 M 14 yrs. 46.5 56.6C 55.87 1.20 0.73 C,C16 1.194 618,644 

0 F 15 y1-3. 37.0 40.50 39.28 1.06 1.22 0.033 1.240 983,871 

5; M 15 yrs. 4C.5 35.10 34.49 C.85 C.61 0.015 C.930 655,914 

7' 
F 15 yrs. 48.0 46,2C 45.35 094 0.85 0.017 0.715 1,188,951 

81 F 15 yrs. 40.5 51.80 51.18 1.26 0.62 C.015 0.644 962,733 

91 F 15 yrs. 43.5 78.3C 76.87 1.77 1.43 0.033 1.240 1,153,226 

c F 16 yrs. 42.0 50.20 49.58 1.18 0.62 0.015 0.572 1,C83,916 

1, M 19 yrs. 33.0 59.90 59.12 1.79 0.77 0.023 1.C76 712,963 

2! F 18 yrs. 50,0 79.80 78.49 1.57 1.31 0.026 1.240 1,056,532 

V F 18 yrs. 50.0 49.00 48.56 0,97 0.44 0.009 0.680 647,059 

4 F 19 yrs. 49.5 44.70 44.13 0.89 0.57 0.011 0.840 678,571 

5 M 19 yrs. 64.5 9040 9C.36 1.39 1.04 0.016 0.447 232,662 

ì6) F 19 yrs. 48.0 52.00 51.08 1.06 0.92 0.019 0.978 940,695 

)'7 F 2C yrs. 57.5 77.5C 77.15 1.32 1.35 0.023 0.715 1,888,112 

)8 F 21 yrs. 50,0 61.60 59.79 1.20 1.81 0.036 1.416 1,274,648 

9 F 22 yrs. 50.5 88.00 85,94 1.70 2.06 0.041 1.476 1,391,892 

q) F 23 yrs. 43.0 52.90 52.41 1.22 0.49 0.011 0.680 720,588 

71 M 24 yrs. 48.0 100.50 97.18 2.05 .2.$2 0.048 2.738 846,715 

72 M 24 yrs. 38..0 63.00 61.90 1.63 1.10 0.029 0.478 2,301,255 

73 E 24 yrs. 37.0 45.00 44.28 1.20 0.72 0.019 1.476 486,486 

74 F 25 yrs. 44.0 49.50 48.66 1.11 0.84 0.019 1.128 743,363 

75 F 25 yrs. 46.0 88.00 87.45 1.90 0.55 0.012 0.758 725,594 

76 M 28 yrs. 56.0 61.20 60.63 1.08 0.57 0.010 0.715 797,203 

77 M 28 yrs. 55.0 79.10 77.81 1.42 1.29 0.023 1.351 955,555 

lb 

5 

5 

5 

'5 

5 

6 

E 
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N4 Sex Age. 4t.of 
body 
in kg. 

vt. cf 
pan- 
creas 
in g. 

Wt.of 
aeinar 
tissue 
in J. 

Wt.of 
acinar 
tissue 
per kg. 
body wt 
ir g, 

islet 
tissue 
in g. 

INt.of 
islet 
tissue 
per kg. 
body wt 
in g. 

A. 
wt, 
one 
islet 
in lr 

No. 
of 
islets 

78 2R yrs. 53.0 67.CC 65.74 1.24 1.26 C.C24 2.122 5940340. 

79 It 33 yrs. 52.0 79.5C 77,67 1.49 1.83 C.C3b 1.744 1,C51,149 

80 F 35 yrs. 60.0 67.60 66.98 1.12 0.62 00010 0.392 1,581,633 

81 ,F 39 yrs. 48.5 76.10 75.28 1.55 0.82 0.(17 .0.758 1,018,794 

82 F 39 yrs, 37.0 88,00 86.62 2.34 1.38 C.C37 1.817 758,242 

83 4G yrs, 46.0 79.80 78.69 1,71 1.11 o.o24 0.840 1,321,429 

84 F 40 yrs. 51.0 66.00 64.79 1.27 1.21 (d.(i24 1.817 664,835 

85 4C yrs. 40.5 41.80 4C.64 1,00 1.16 0.029 1.416 816,901, 

86 F 41 yrs. 43.0 58,60 58.28 1.55 C.62 0.007 0.930 344,086 

87 F 41 yrs. 53.0 50.30 49.15 0493 1.15 0.022 1.;351 851,852 

88 F 42 yrs. 36.0 58.60 58.22 1,62 0.38 0.010 1.184 32290;54 

89 44 yrs. 48.0 70.00 69.55 1.45 0.45 0.009 0.883 509,627 

90 47 yrs, 48.0 61.90 60.62 1.26 1.28 0.027 1.918 666,666 

'91 49 yrs. 49.0 56.50 55.49 1.13 1.C1 0.021 1.476 684,282 

92 5C yrs, 54.0 74,50 73.54 1.36 0,96 0,018 C.978 981,595 

93 50 yrs. 51.0 74.70 73.32 1.44 1.38 0.027 0.978 1,411,043 

94 5C yrs. 53.0 6720 66.39 1.25 0 .RI 0.015 1.076 750,000 

95 F 52 yrs. 46.0 46.30 45.05 0.98 1.25 0.027 1.240 1,008,065 

96 ,,_ yrs. 57,0 61.30 60.21 1.Ci6 1.09 C.019 0.715 1,524,477 

97 57 yrs. 52.5 94.20 93.6 1.77 1.14 0.022 0.840 1,357,142 

98 57 yrs. 64.5 95,20 93.35 1.45 1.85 0.029 0.978 1,891,616 

99 F 61 yrs. 53..5 71.80 70.94 1.33 0.86 0.016 0.978 879,346 

100 64 yrs. 49.5 63.60 62.44 1.26 1.16 0.023 0.930 1,247,312 
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cf 3.5 kg. and 4S kg., the acinar tissue between 

averages cf 2. g. sind 66 g., and the islet tissue 

between averages cf C.12 g. and 1.07 g. at birth 

and 21 years respectively. The curve cf the body 

weight remains constant between 21 years and 45 

years and thereafter rises slowly to reach an average 

of abc.ut 55 kg. at 64 years. On the other hand, 

the curves of the weights of the acinar and islet 

tissues maintain a persistently constant level 

between 21 years and 64 years. The weight of the 

acinar tissue incidentally varies within wider limits 

than the weight of the body and the 'might of the 

islet tissue within wider limits than the weight of 

both the body and acinar tissue at any particular age. 

The relative rates of increase of the body, 

acinar tissue and islet tissue In respect of weight 

are sheen in Table III and Fig. 12. The periods 

considered. in this analysis are the first, second and 

third years of life, childhood ( 4 - 12 are ), 

adolescence (13 - 21 years), and adult life (22 - 64 

years ). The data tabulated were obtained from the 

curves in Figs. 2, 3, 4, 9 and. 10 and also by 

carefully considering the ratios of the weights of 

the acinar and islet tissues to the .:;eight of the 

body and of the weight of the islot to the weight of 

the acinar tissue during the specified periods. 

In the first year, the acinar and islet tissues 

grow rapidly and equally ( x 3.5), while the body as 

a whole increases less quickly (x 2.2). Luring 

the second year, much slower growth characterises all 

three/ 

23, 
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Table III. 

To show relative 1nc.ease in weight of body, acinar 

and islet tis^ue, and in the number of islets and 

average weiFht cf one islet. 

24. 

Years. ist. 2nd. 3rd. 4-12 13-21 22-64 

Body weight 2.2 1.3 1.2 2.3 1.7 1.(2) 

Weight cf acinar 
tissue. 3.5 1.4 1.2 2. 3 1.7 1.0 

Weight of islet 
tissue 3.5 1.4 1.06 1.2 1.7 1.0 

No, of islets 2.5 1.3 1.03 1.0 1.0 1.0 

Average weight of 
one islet 1.4 1.1 1.02 1.2 1.7 1.0 



14. 25, 

three factors, but the seiner and ielet tissues still 

grow equally (x 1.4) and exceed. the growth of the 

body (x 1.3 ). In the third year, the three factors. 

-show even less rapid growth then during the previous 

year and also a change in their relative rates of 

growth in the direction of equality between the body 

and acing', tissue (x 1.2) and a lag on the part of the 

islet tissue (x 1.06). During childhood, the body 

and acinar tissue continue continue to grow equally 

(x 2.3)0 while the islet tissue maintains its slower 

growth (x 1.2). In adolescence, the islet tissue 

grows more rapidly than during childhood and equals 

the groeth of the body and acinar tseue (x 1.7). 

After 21 years, the three factors tre stable except 

for the already noted increase in body weight daring 

the period after 45 years. 

The associated changes in the relations of the 

seiner and islet tissues in respect of weight to the 

weight of the body and to age are detailed in 

Eigs. 6, 7 and B. Both the seiner tissue and the 

islet tissue per kg. body weight increase rapidly 

during the first year and much more slowly during the 

second year. The acinar tissue per kg. body weight 

thereupon becomes stabilised, while the islet tissue 

per kg. body weight declines more or less rapidly to 

reach stabilisation at 12 years. The acinar tissue 

per kg, body weight increases between averages of 

C.74 g. and 1.33 g. at birth and end of two years 

respectively. The islet tissue per kg. body weight 

averages 32 mg., 53 mg. and 22 mg. at birth, end 

of/ 
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cf twc years and 12 years respectively. 

2. Number and average weight cat islets. The 

islets can be evaluated numerically in Table II and 

Figs. 1C, 11 and 12. They vary between 105,014 an 

4S6,486 and average 284,000 at birth. The count 

increases daring the first three years, but does so 

more rapidly curing tie first year (x 2.5) than the 

second year (x 1.5) and especially the third year 

(x 1.03) . It becomes stabilised at 960,000 by the 

end of the third year. The islets vary numerically 

within very wide limits at all ages. Thus, two 

subjects of eight months (19 and 20) have counts of 

respectively 393,7U1 and 2,325,123, while two cases 

of 24 years ( 73 and 72) have c©untc of respectively 

4869486 and 2, 301, 255. 

The average weight of the islets can be 

evaluated in Table II and Figs. 9, 11 an6 12. .It 

varies (excluding case 1 which is apparently 

exceptional) between 0.185 and 0.447 `d and 

averages 0.350 4 at birth. It increases rapidly 

during the first year (x1.4) and progressively more 

slowly in the second year ( x 1.1) and third year 

(x 1.O2). The average weight rises slowly caring 

childhood (x 1.2) and more ap dl; again in 

adolescence (x 1.7) . It flows down quickly in Its 

increase towards the end' the adolescent period 

and becomes stabiliacd abeut 1.2 at 21 years. The 

average weight of the islets varies within wide 

limits at all ages. Thus, two subjects cf one year 

( 25 and 26) have islets averaging respectively 

0.392 / 
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0.392 and 1.817 , while two cases of 24 years 

(72 and 71) have islets averaging respectively 

Ce478 and 2.738 

The relative parts played in the increase of 

the islet tissue by the increase in the number and 

in the average weight of the islets are illustrated 

In Table and ii 12. The increase of the 

islet tisgae daring the first three wears is due more 

to an increase in the number than in the average 

weight of the islets. The róle enacted by the 

increase in number cf the islets as compared with 

that Cue to increase in the average weight of the 

islets, moreover, is greatest in the first year 

( x 2.5 and 1.4 respectively) and progressively less 

marked. in the second year ( x 1.3 and 1.1 respective- 

ly) and third year ( x 1.03 and 1.02 respectively). 

The increase of the islet tissue during childhood 

and adolescence is effected wholly by simple 

hypertrophy withcut any accompanying byperplasia of 

the islets. Cessation of such insular enlargement 

finally entails stabilisation of the islet tissue 

as a whsle at 21 years. 

The relationship between the number and average 

weight cf the islets was investigated by the 

construction cf a special graph (not illustrated). 

This shows that a small number is usually accompanied 

by a low average weight, that an intermediate number 

may go with either a 1cw or high average weight, and 

that a large number tends to be paralleled by a 

low/ 

27. 
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low average weight. 

L iscussion. 

Several investigators including Opie (1900), 

Sauerbeck (1902), Heiberg (1906) and Cecil (1912) 

have mace counts cf the islets in specified sectional 

areas cf human pancreas. The total number of islets 

in the human pancreas, however, has been computed 

by only Clark (1913) using the meth cc: of Bensley 

(1911:12) for estimating the total islets in the 

pancreas of the guinea pi`. This technique involves 

transfusing the organ immediately after death with 

neutral red or Janus green in order selectively to 

stain the islets, under a low power of the 

microscope counting the islets in several teased 

slices from the head, body and tail, weighing these 

pieces and calculating the total number of islets 

according to the weight of the whole pancreas. 

Clark (1913) in seven subjects varying in age from 

six months to 45 years obtained total counts between 

120,CCC and 1,760,CCC. he entertained hopes of 

using the method in autopsy subjects, but met with 

such discouraging results on transfusing four 

recently dead indiviculs as ultimately to consider 

the technique valueless except in subjects killed 

by violence. en the other hand, the mathematical 

method herein described is readily applicable to 

ordinary post rncrtem material and has thereby made 

possible estimates of the total islets in a 

reasonably large series of cases. The total count 

28. 



18. 

in the adult individual according to this 

investigation averages 960,000, but is incidentally 

remarkable for its wide variation at any particular 

age. 

The fact of the present series covering the 

first 64 years of life farther affords an opportunity 

of determining whether the pancreatic islets actually 

increase in number after birth. This guestion is 

variously answered in the literature. Thus, the 

islets in the oninion of Laguesse (1893) are more 

numerous during foetal life than at birth. and there- 

after diminish further in number. Again, Opie 

(1900) considers that after birth the islets remain 

constant numerically and merely become separated by 

a growth of acinar tissue. Finaliy, a continued 

new formaticn cf islets from ducts after birth is 

postulated by Weichselbaum andryrle (1909) on the 

grounds of islets in the adult organ being found 

contiguous with ducts showing evidence cf cellular 

division. -Nov, the islets according to this 

investigation clearly continue to increase 

numerically during the first three years of life and 

in this time actually multiply between averages of 

284,CCC and 960,CCC. In other words, the islets 

increase as much as 3.4 times daring the first three 

years cf life. The opinion of Weichselbaum and 

Kyrie (1909) favouring, an increase in the number cf 

islets postnatally is thus, on the basis of the 

present observations, much to be 1:referred to that of 

Laguesse (1893) and ()pie (19CC). 

The/ 

29, 
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The islet tissue increases on the average nine 

tines in weight between birth and 21 years. During 

the first three years the increase is due to 

associated hypertrophy and hyperplasie cf tbe islets, 

but the amount cf hyperplasie is always greater than 

the degree cf hypertrcphy, albeit in decreasing 

measure. Hyperplasin of the islets ceases at the 

end cf the third year and thereafter the sole means 

by rhich the islet tissue resehes its full quota 

at 21 years is through hypertrophy of the already 

formed islets. Hypertrophy entails a total average 

increase of the islets from 0.35 -Z(to 1.20 

That is tc say, the first 21 years are characterised 

by the islets growing on the average 3.4 times in 

eight and thus exactly duplicating the measure of 

their average increase numerically &Wing the first 

three years. The wide variation or ehe islets in 

number is further peralleled,bsetheir corresponding 

variability as relards weight at all ages. No 

relation, however, exists between the number and 

average weight of the islets in the individual 

nereas. 

The islet and acinar tiseues increase 

equivalently during the first two years, but much 

more rapidly in the first than the second year. The 

third year is characterised by lesser growth en the 

part ci the islet than the acinar tissue. This 

relationship is maintained during childhood, but is 

replaced throughout adolescence by rexther equivalent 

increase of the two parts cf the pancreatic structure. 

These/ 

30. 
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These observations point to an equal differentiation 

'cf the small pancreatic ducts into islets and acini 

daring the first two years, Ths rapid decline in 

the formation cf islets from the duets in the third 

year, however, is apparently not compensated by 

correspcndingly increased hypertrophy of the already 

formed islets with the result that at this tine the 

islet tissue shows relatively less growth than the 

acinar fraction. The acinar increase continues to 

exceed isletjlypertrophy during childhocd, but in 

adolescence is overtaken by an equivalent 

enlargement of the islets. 

The acinar tissue grows mere rapidly than the 

body as e. whole during the first two years and 

especially the first year. This observation might 

be interpreted on the grounds of the tI1k diet of 

the infant, throuh its demands for digestive juices, 

actin as a greater stimulus to the grer;th of the 

acing tissue than cf the body as a whole. If this 

be Sc, the preferential dietetic sttnulus in 

maintained. by the chan7es, quantitative and 

qualitative, occurring in the diet after weaning, 

but must disappear about the end of the second year 

since the aeinar tissue and body increase 

equivalently from the beginning of the third year 

onwards. 

The relatively high amount of islet tissue in 

the body during infancy and dhildhotais interesting 

in regard to the sugar tolerance of these periods, 

especially infancy. Thus, Viogwitz (1913-14) 

estimating/ 
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estimatine sug!;r tolerance in six children between 

four and thieteen months fed five with milk providing 

abeut 2 g. of Sugar per kg. body wetght. Four 

responded with a rise in their blood sugar of at 

meet 17 mg. per cent, while the curve peaks of the 

other cases were 124 and 14 mg. per cent. Bergmark 

(1914) investigated the responee of the blood sugar 

of infents to the ingestion of various kinds of 

sugar. Lactose, maltose and saccharose in his 

opinion produce increasingly high responses, but all 

the resultant curves are much loeer than in adults. 

Spence (192C-1) after estimating blood-eugar curves 

in a series of infants and adults makes the statement 

that children under three years cf age normally have 

a low sugar-tolerance curve. rirewn (1924-5) arrived 

at a similar conclusion after an investigation of 

ten healthy infants under thirteen months. Now, the 

period cf' high sugar tolerance, i.e. the first three 

years according to Spence (1920-1), is characterised 

by a relatively very high content of islet tissue in 

the body. The unusual ectivity of the carbohydrate- 

storage medhanism in young children may thus 

reasonably be due to the outpouring from a relatively 

large quota of islet tissue cf a correspondingly 

large amount of insulin whereby the rising blood 

sugar is prevented from reaching the higher adult 

level, 

Sugar tolerance ccording to the above 

reasoning should increase during the first two years 

and decrease during childhood to reach the adult 

standard/ 

'4 
0 
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standard at puberty. No Increase of sugar 

tolerance during the first two years is pparent 

in the data of either Spence (1920-1) or Brown 

(1924-5) and Spence (1920-1) also atates that sugar 

tolerance after the age of three years is of the 

adult type. Both of these investigators, however, 

deal with relatively few cases and the fcur chileren 

between four and seven yearn upon whcm Spence 

(1920-1) bases his conclusion regayeing sugar 

tolerance after the age of t)Iree years might 

inadvertently have had. a low quota cf islet tissue. 

the present observations certainly suggest on the 

basis of the accempanying increase and decrease in 

the relative amount of islet tissue in the body that 

the first two years and childhood mielat well be 

proved, by the investigation cf a reasonably large 

series of suitable subjects, to be characterised 

by gradations of sugar tolerance in the direction 

daring the first pericd of increase and during the 

second -i)eriod of decline from the higher to the 

lower level of the infant and adult respectively. 

Sugar tolerance according to Marshall (193C-1), 

Bale-White and Payne (1925-6) and Ggilvie (1935) 

diminishes erogreseively with advancing years. The 

period after the nge of fifty, bewever, has been 

found in this work, despite the accompanying increase 

in body weight, to be characterised bj no significant 

change in the relative arount of inlet tissue in the 

body. The detee icration of sugar tolerance with 

increasing/ 

33. 
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increasing age would thus appear to be due to a 

gradual failure in the secretion of insulin such as 

in ex rated form sometimes causes the elderly 

subject to become mildly diabetic. The explanation 

of this late deterioration in sugar tolerance, of 

course, may lie primarily, not in the islet tissue, 

but in the anterior hypophysis which has ltely been 

shown by Youssay and Biasotti (1930 to play an 

tmpertnt pprt in carbohydrate retabollam. 

Summary 

Methods are describec whereby, given the 

weights of the body and pancreas, estimates can be 

made of the pancreas as regards (1) weight cf acinar 

tissue ; (2) weight of islet tissue ; (3) '1ht cf 

acinar and islet tissue per kg, body weight ; (4) 

average ,weight cf Islets ; and (5) total number 

of islets. 

These-factors have been determined for the 

pancreaees of 59, females 14i 41 =ales varying between 

newly born infants and an adult of 64 years and on 

the basis thereof have been further assessed, so far 

as the period specified is concerned, in respect of 

the ;Icunt of their incre9se and also the rate of 

their increase individually and relative to both 

each ether and the rate of increase of the weight 

of the body. 

The infnt has been shown to have a relatively 

greater amount cf islet tissue than the adult and 

this finding is suggested as the reason for sugar 

tolerance being higher in the infant than in the adult. 
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26. 37. 

SOX. 

F 

Age. Part 
of 
pan- 
cress. 

No. 
fields. 

No. 
islets. 

Wt. 
sheet 
in g. 

Wt. 
islets 
in g. 

Area 
sheet 
in 
sq.cm. 

Area 
islets 
in 
sq.em. 

horn 
H 

T 

8 

9 

102 

69 

136 

4.83 

4.80 

4.32 

1.92 

1.10 

1.67 

516.64 

516.64 

516.64 

205.4 

118.4 

179.0 

F Lied at 
birth 

N 15 180 4.74 1.27 516.64 138.4 

10 120 4.94 0.75 516.64 78.4 

12 162 4.72 1.12 516.64 122.6 

F till- 
born 

h 15 13'7 4.94 1.15 516.64 12C.3 

B 15 178 4.85 0.77 516.64 97.8 

35 164 4.92 0.85 516.64 89.3 

F Still- 
born 

186 4.54 1.13 516.64 128.6 

13 5 183 4.57 1.48 516.64 167.4 

5 271 4.55 1.51 516.64 171.5 

M Still- 
born 

li 3 95 4.59 0.32 516.64. 36.2 

139 4.60 0.44 516.64 49.4 

3 1/5 4.51 0.73 516.64 82.7 

M 2 days H 12 163 4.55 1.29 516.64 146.5 

13 9 162 4.58 1.08 516.64 121.8 

125 4.5G C.91 516.64 102.4 
Mall... 

M 6 days h 34 281 4.56 1.65 516.64 156.9 

B 11 154 4.66 1.37 516.64 351.9 

T - - - - .. 

....1.1111..11.111.1 

E 5 wks. 

1.. 
H 12 191 4.77 1.30 516.64 140.8 

B 13 158 4.93 1.40 516.64 146.7 

T 9 178 4.72 1.47 516.64 160.9 



IN 27. 38. 
rea Area % area No. Av. area wt. 
16,lets pancreas islet islets one islet pan - 
5i fields 15 fields tissue in in 15 in sq.cm. creas 
;1L sa}.cm. in sq.cm. pancreas fiel d& in g. 

139.5 4996,8 

822.0 4996.8 

98.5 4996.8 

168.4 4996.8 

11.7.6 4996.8 

10.0 4996.8 

120.3 4996.8 

87.8 4996.8 

89.3 4996.8 

241.5 4996.8 

4502.5 4996.8 

51;3.5 4996.8 
1.011.1teanwasramossem. 

181.5 4996.8 

92.7 499 6. 8 

'413.5 4996.8 

183.0 4996.8 

202.5 4996.8 
192.0 499 6. 8 

200.3 

'207,2 

499 6. 8 

4996.8 

115.5 4996.8 
lß9,5 4996.8 

269.5 4996.8 

8.79 

4.44 

5.97 

Av. 

6.40 

229.5 

129.5 

226.5 

Av. 

195.2 

2.00 

1.71 

1.32 

Av. 

1.68 2.42 

2.77 180.0 0.77 

2.35 2.73 180.0 187.5 C.65 C.73 4.C8 

3.06 202.5 s;. 6 

2.41 137.0 0.83 

1.76 1.99 178.0 159.7 0.49 0.64 2.40 

1.79 164.0 0.54 

4.33 349.5 0.69 

9.38 549.0 570.5 0.92 0.75 2.3 

1%m27 813.0 0.63 

3.63 475.0 0.38 

1.85 4.58 261.0 537.0 C.36 0.40 1.92 

8.27 875.0 0.47 

3 6 204.0 0.9C 

4.05 3.85 270.0 236.0 C . 75 0.82 3.04 

3.84 234.0 r. p 2 :a.+ ;.. 

wa....+rr.w..m+......x..«.-.........-r+,+w+rss.+®nr.we i....a.r+rur+,r.rr.ww,.a.+e+re 

4.00 301.5 C.66 

4.14 4.07 210.0 055.8 0.99 .0.83 }.47 

« w 

6.51 

3.39 

50 

238.5 0.70. 

4.09 183.0 239.5 0.33 0.86 6.77 

297.0 0.90 



f 

fit, 

WA 
tissue 
in g. . 

1 t. 
acinar 
tissue 
in g. 

Body 
wt. 
in kg. 

012 2.30 3.0 

0.111 4.0 4.3 

0,048 2.35 3.2 

o. 19 2.11 3.6 

0.09 1.8 3.3 

0,12 

r0, 060 

2.9 3.3 

1.41 2.9 

0.277 6.5 3.5 

28. 39. 
Islet 
tissue 
per kg. 
B.r. in 
g. 

Acinar 
tissue 
per kg. 
B.W. 
in g. 

Volume 
of one islet 
tn c.u. 

'eft. of 
one 
islet 
in 

Total 
No. of 
islets 

Û.c-52 C.77 1.406 1.476 105,014 

0.026 0;.923 6.401 C.421 263,658 

0.015 C'.74 0.328 0.344 139,535 

C: e; ri3 

11.1107.11.01..43.....-... 

(. 6C 0.426 0.447 425,056 

0.027 C.56 0.176 0.185 486,486 

0.035 C.B9 0.484 0.508 236,220 

0.021 0.49 0.484 0.508 118,110 

0.079 1.86 C.513 0.539 513,915 



 

No. Sex. Age. Part 
of 
pan- 
creas. 

9 vics. h 

E 

T 

3 mths. H 

B 

T 

11 F 4 mths. 

12 M 5 mths. 

13 E 6 mths. 

14 li 6 mths. 

H 

R 

T 

H 

E 

T 

H 

B 

T 

H 

B 

T 

15 F 6 mths. H 

T 

16 F 7 mths. H 

B 

T 

29. 40, 

No. No. 
fields. islets. 

Wt. 
sheet 
in g. 

Wt. 
islets 
in g. 

Area 
sheet 
in 
sq.cm. 

Area 
islets 
in 
sq.cm. 

6 

14 

6 

164 

160 

136 

4.62 

4.63 

4.66 

0.66 

1.11 

0.67 

516.64 

516.64 

516.64 

73.8 

123.9 

74.3 
01.1.-Maeft07*. 

15 159 4.84 0.92 516,64 98.2 

10 91 4.72 0.53 516.64 58.0 

8 102 4.69 0,62 516,64 69.3 

8 253 4.01 1.48 516.64 155.4 

10 220 4.85 1.05 516.64 111.8 

9 308 4.91 1.42 516.64 149.4 
.110041M.01......41,R 

8 237 4.83 1.28 516.64 136.9 

7 169 4.72 0.94 516.64 102.9 

8 230 4.82 1.47 516.64 157.8 

15 135 4.95 (..84 516.64 87.7 

10 96 4.76 (.75 516.64 81.4 

13 154 4,97 1.1.2 516.64 106.0 

12 242 4.67 1.21 516.64 133.9 

12 249 4.97 1.15 516.64 118.9 

12 266 4.7u 1.06 516,64 116.5 

15 148 4.81 1.12 516.64 120.3 

15 103 4.92 1.28 516.64 134.4 

15 106 4.34 0.12 516.04 98.2 

10 141 4.68 1.86 516,64 205.3 

15 86 4.55 1.22 516.64 138.5 

/0 164 4.63 2.08 516.64 232.1 



1 

Aregt 

islets 
1$ fields 
Izsq.ern. 

Area 
pancreas 
15 fields 
in sci.cm. 

% area 
islet 
tissue in 
pancreas 

30. 
No. Av. area ',:t.. 

Islets one islet pan- 
in 15 in sq..cm. areas 
fields in g. 

41,, 

7.1> mOlogyVas*..14.,,...t.a.M.,,...,.vea*.naamayMIL7r..a...c.....17..... 

184.5 4996.8 3.69 Av. 4C9.5 Av. 0.45 Av. 

132,8 4996.8 2. 66 3. 36 171.0 306.5 0.46 0.49 2.75 

186.0 4996.8 3.72 339.0 0.55 

98.2 4996.8 1.96 151.0 0.68 

68.0 4996.8 1.16 1.89 136.5 162.2 0.64 0.66 3.61 

128.1 4996.8 2.56 192.0 0.67 

291.0 4996.8 5.82 474.0 0.61 

1 68.0 4996.8 3.36 4.72 330.0 438.5 0.51 0.54 5.1 

2 49.0 4996.8 4.98 511.5 0.49 

256.6 4996.8 5.13 444.0 0.58 

C.271.1e101=1.1.1. 

40.5 4996.8 4,41 5.12 361.5 412.5 0.61 0.63 4.77 

2 95.5 4996.8 5.81 432.0 0.69 

87.7 4996.8 1.75 135.0 0.65 

122.1 4996.8 2.44 2.22 144.0 1sq.0 0.85 0.73 4.99 

1 23.0 4996.8 2.46 177.0 0.69 

167.4 4996.8 3.35 303.0 C.59 

1 48.7 4996.8 2.97 3.08 311.3 315.6 0.48 C.50 5.94 

145,7 4996.8 2.91 332.6 0.44 

4sA/Mr, *.^ *q, 

120.3 4996.8 2. 41 148.0 0.83 

134.4 4996.8 2. 69 2.35 103.0 119.0 1.30 1.02 9.04 

98.2 

n« .inelanter 

4996.8 1.96 106,0 0.93 

3 08 .0 4996.8 6.16 211.5- 1,46 

138.5 
4996.8 2.77 5.3C 6. 0 181.2 1.61 1.50 12.6 

4996.8 6.96 246.0 1.42 

A.fe.t. !fogey 



IN 

Wt. ;. 
aet acinar 
issue tissue 
lg. in g. 

1 

4068 3.5 

000 

0.,241 4.9 

100.00.1000.00.0.0 

0,244 4.5 

0.111 4.9 

0.183 5.7 

0.212 8.8 

0.668 11 .9 

31, 
Body Islet Aeinar Volume 
wt. tissue tissue of one 
in kg. per kg. per kg. islet 

B.W. 
in g. 

-B.W. 
in g. 

in e.11. 

3.5 C.026 0.76 0.226 

7 .2 0.021 1.07 0.349 

4.25 0.056 1.13 0.262 

.0 

10.2 0.024 0.444 0.328 

5.0 0.022 0,98 0.401 

5.9 0,031 0.97 0.226 

00.0000.000.00000 

5.5 0.039 1.61 0.81 

7.3 0.092 1.73 1. 234 

Wt. of Total 
one No. 
islet of 
in islets 

42 

0.366 185,792 

0.275 876,364 

0.344 709,302 

0.421 263,658 

0.23? 772, 152 

0.715 29 6, 503 

1.296 513, 846 



32. 43. 

Sex. Age. Part 
of 
pan, cress. 

Nc. 
fields. 

No. 
islets. 

:"1t. 
sheet 
in g. 

Wt. 
islets 
in g 

Area 
sheet 
in 
sq.cm. 

Area 
islets 
in 
sq.cm. 

F 7 rriths . X3 15 275 4.49 1.12 516.64 128.9 

H 15 308 4.49 1.32 51 6. 64 151.8 

8 234 4.50 0.93 516.64 106.8 

18 
'7 8ith®« H . 13, 179 4.62 0.80 516.64 89.5 

1¢ 23C 4.87 1. 28516.64 135.8 

T 8 154 4.60 0.69 516. E4 77. 5 

19 F 8 mths. ?í 13 233 4.57 2.04 516.64 230.6 

B 12 211 4.47 1,42 516. 64 164.1 

T 13 246 4.47 1.56 516, 64 180.3 

20 8 mths. H 10 227 4.54 1.57 516, 64 178.7 

3 15 217 4.56 1.08 516.64 122.4 

T 1Çi 272 4.55 1 . 44 516, 64 163.5 

21 F 9 Piths. H 15 210 4.79 1.70 516, 64 183.4 

H 15 230 4.79 2. ü 6 516. 64 222.2 

T 15 109 4..J3 1.04 516, 64 118. 6 

22 M 9 rriths . 1: 35 331 4.74 1.22 51 6. 64 133.0 

B 15 282 4.89 0.99 516. 64 104. 6 

T 12 2,11 4.9 2 1 .1. 3 516. 64 118.7 
peepowmimeneePeotie 

23 F 10 mthr . l:ï 13 225 4.57 1.87 51 6. 64 211.4 

15 251 4.63 1.84 51 6. 64 205.3 
m 1G 164 4.63 1.47 516, 64164.0 

24 M 10 mth s . H 12 1Pg 4.71 1.14 516, 64 125.0 

13 10 153 4.8C 1. 35 516, 64 145.3 

T 1C 154 4..73 1.47 51 6. 64 [ 1.6G.f 



l 

Area 

islets 

15 fields 

in sq. cm. 

Area 
pancreas 
15 fields 
in sq. -cm.. 

area 
islet 
tissue in 
pancreas 

33. 

ao. 
islets 
in 15 
fields 

Av. area 
one islet 
in sq. cm. 

Wt. 

pan - 
creas 
in g. 

44. 

128.9 4996.8 2.58 275.0 0.47 

151.8 4996.8 3.04 3.20 308.0 340.6 0.49 

09.5 4996.8 3.99 438.8 0.46 

12í. 5 4996.8 2,43 244.5 0.50 

156.0 4996.8 3.12 2.82 265.5 26E.5 0.59 

145.5 4996.8 2.91 289.5 0.50 

265.5 4996.8 5.31 268.5 0.99 

205. 2 499 6.8 4.10 4.53 263.8 27`1.4 0.78 

208.5 4996. 4.17 285.0 0.73 

268.1 4996.8 5.36 340.5 0.79 

122. 4 499 6. 8 2.45 3.69 217.0 276.5 0.56 

10.5 4996.8 3.27 272.0 O. 60 

183.4 4996.8 3.6i 210.0 0.87 

222.2 499 C.8 4.44 3.49 230.0 183.0 C.97 

118.6 4996.8 2. 37 109.0 1.09 

133,0 4996.8 2. E,6 331.0 0.40 

98.0 4996.8 1.96 2.53 264.0 320.0 0.37 

148.5 4996.8 2.97 364.0 4.41 

244,5 4996.8 4.89 259.5 0,94 

2C5.3 4996.8 4.Z2 4.t34 251.0 252.2 0.82 

246.0 4996.8 4.92 246.0 1.00 

154.0 4996.8 3.12 236.3 0.66 

217.5 4996.8 4.35 4.10 229.5 232.3 C.95 

241.5 4996.8 4.83 231.0 1.04 

0.47 6.2 

0.53 3.65 

0.83 4.42 

0.45 12.78 

0.92 11.9 

0.88 10.32 



34. 45. 

b. 

slet 

Wt, 
acinar 

Body 
wt 

Islet 
tissue 

Acinar 
tissue 

Volume 
of one 

Wt.of 
one 

Total 
No. 

Lseue tissue in kg. per kg. per kg. islet islet of 
ag. in g. B.w. 

in g. 
B.1-. 

in a. 
in c.u. in islets 

0,198 6.0 

0.103 3.6 

010.....[ 

0,200 4.2 

0,472 12.3 

0,462 12.8 

0186 7.14 

0,552 11.45 

0 423 9.9 

5.1 0.039 1.18 0.209 0.220 900,00C 

5.0 0.021 0.71 0.242 0.254 405,512 

5.5 0.028 0.484 0.508 393,701 

6.5 9.073 1.87 0.193 0.203 2,325,123 

9,5 0.049 1.34 0.648 0.680 679,412 

7,7 0,024 0.95 03.61 0.169 1,100,592 

apeolwoce. 

6.7 0.082 1.7 0.578 0.607 909,390 

9,6 0,044 1.03 0.545 0.572 739,510 



11111P-- 
-35.' 

No 
Sex. Age. !'art No. No. Wt. Wt. Area 

tl:ts cf '3e1dQ ïsl.ets s-:eet .slrtg sheet 
p an_ in g. in g. in in 
creas 

in 
áq.cm. 

25 
E 1yr. H 15 149 4.92 1.03 516.64 108.2 

B 15 119 4.68 0.59 516.64 65.1 
T 

15 146 4.74 1.12 516.64 122.6 

26 
1 yre 

B 

`.e 

------ 
27 M 1 yr. Iz 

B 

17 141 4.89 1.34 516.64 141.6 

15 183 4.65 1. 31 516.64 145.5 

28 

29 

yr. 
nth. 

B 

46, 

15 214 4.57 0.90 516.64 101.7 

12 21.7 4.55 1.52 516.64 172.6 

5 82 4.56 C . 55 516,64 62.3 

10 154 4.54 1.33 516.64 149.8 

15 131 4.58 1.03 516.64 113.7 

yr. h 
nth. 

ò F 1 yr. 
2 rth.s . 

! 3 M 

32 

3 

15 175 4.58 1.52 516.64 171.5 

15 178 4.61 1.31 516.64 146.8 

12 154 =. 6Q 1. 3) 516.64 156.1 
..._..._-.... 

15 232 4.81 1.03 516.64 110.6 

7 230 4.91 1.42 516.64 149.4 

8 273 4.84 1.36 516,64 145.4 

1 yr. i 15 236 4.49 1.28 :16.64 147.3 
3rnths. 

B 15 199 4.44 1.22 516.64 142.0 

T 14 20C; 4.49 1.65 516.64 189.9 

F 1 yr. H 15 212 4.71 1.39 516.64 152.5 
3 Fè9ths 

B 15 155 4.64 1. 25 516.64 13).2 

6 185 4.84 1.55 516.64 165.5 



,e7,:: . _. 

3 

rea Area % area No. Av. area 
elets pancreas islet islets one islet 
5 fields 15 fields tissue in in 15 in sq.cm. 

sq. cm. in sq.cm. pancreas fields 

47. 
Wt. 
pancreas 
in g. 

168.2 

65.1 

122.6 

l 

4996.8 

4996.8 

499 6. 8 

2.16 

1.30 

2.45 

1.97 

149.0 

119.0 

146.0 

138.0 

0.69 

0.55 

0.84 

0.69 9.02 

141.6 

145.5 

ANO 

4996.8 

4996.8 

2.83 

2.91 

2.87 141.0 

183.0 

162.0 1.00 

0.80 

1.90 

RIM 

7,42 

101.7 

216.0 

186.9 

4996.8 

4996.8 

499 6.8 

2.03 

4.32 

3.74 

3.36 

214.0 

270.0 

246.0 

243.3 

0.48 

0.80 

0.76 

0.68 9.96 

225.0 

113.7 

4996.8 

4996.8 

4.50 

2.27 

3.39 231.0 

131.0 

181.0 

11. 

0.97 

0.87 

0.92 12.8 

171.5 

146;' 

195.0. 

4996,8 

4996.8 

4996.8 

3.43 

2.94 

3.90 

3.42 

175.0 

178.0 

192.0 

181.7 

0.98 

0.84 

0.01 

0.94 9.83 

114.6 

319.5 

273.0 

4996.8 

4996.8 

499 6. 8 

2.21 

6.39 

5.46 

4.69 

232.0 

495.0 

511.5 

412.8 

0.48 

0.65 

0.53 

0.55 8.70 

147.3 

142.0 

204.0 

499 6. 8 

4996.8 

4996.8 

2.95 

2.84 

4.08 

3.29 

236.0 

199.0 

214.3 

216.4 

0.62 

0.71 

0.95 

0.76 8.1 

152.5 

139.2 

414.0 

4996.8 

. 499 6.8 

4996.8 

3.05 

2.79 

8.28 

4.70 

212.0 

155.0 

465.0 

277.3 

0.72 

0.90 

0.90 

0.84 13.15 



,, Wt... Body Islet 
,et minar wt. tissue 
p.ue :. tissue in kg. per kg. 
`,g. in g. B.W. 

in g,, 

Acinar Volume 
tissue of one 
per kg. islet 
Lw. in c.u. 
in g. 

tit.. of 
one 
islet 
in 

Total 
48 

No. 
of 
islets 

;118 8.8 6.9 0.026 1.28 0.373 0.392 454,082 

7,2 7.4 0.029 0.97 1.730 1.817 117,226 

9,6 V.1 0.-037 1.06 0.373 0.392 841,837 

?12,4 7.7 0,.056 1.6 0.578 0.607 708,.40 

8.3 6.6 0.062 1.26 0.262 0.275 1,483,63B 

7..8 7.8 0.034 1.0 0.426 . 
0.447 597,315 

12. ß 8.2 0.075 1.52 0.613 0. 644 959,627 



ND. Sex. 

38. 
,J9c 

A70. Part No. No. Wt. wt. Area Area 
cf fields islets sheet islets sheet islets 
pan- in g. in g. in in 
cress ---,----- e 

sq.crn sq.cm. 

F 1 yr. H 15 220 4.56 1.65 516.64 186.0 
5 mths. 

13 15 180 4.57 1.21 516.64 139.5 

-12 209 4.55 1.44 516.64 165.3 
11M.S.CMOI..4^*0...* arn.......1.1R 00* 
3 r 1 yr. h 10 116 4.59 1.66 516.64 186.8 

5 mtha. 
B 10 121 4.63 1.69 516.64 188.6 

T 9 161 4.64 1.83 516.64 2G3.8 
W.* 

3 M 1 yr. H 15 207 4.64 C.86 516.64 95.8 
6 mths. 

E 15 163 4.64 C.64 516.64 71.3 

12 235 4.66 1.42 516.64 174.3 

36 M 1 yr. H 8 936 4.69 1.3C 516.64 143.2 
9 mths. 

3 15 146 4.99 0.58 516.64 60.1 

15 229 4.70 0.94 516.64 103.3 

F 2 yrs. H 15 4S 4.82 0.41 516.64 43.9 
1 mth. 

15 43 4.82 0.43 516.64 46:1 

15 46 4.80 0.39 516.64 42.0 

38 M 2 yrs. H 15 137 4.60 1.68 516.64 188.7 
2 mths. 

13 

rrt 

15 

15 

132 

155 

4.59 

4.61 

1.09 

1.63 

516.64 

516.64 

122.7 

182.7 

39 M 2 yrs. H 12 181 4.57 1.36 516.64 149.8 
3 mths. 

15 156 4.57 ocz 516.64 160.2 

13 152 4.53 1.53 516.64 174.5 

40 m 
2 yrs. H 8 211 4.52 1.93 516.64 220.6 
6 mths. 

15 101 4.50 0.87 516.64 99.9 

15 275 4.49 1.90 516.64 218.6 



'ea Area 
lists pancreas 
5 fields 15 fields 
isq.cm. in sq.cm. 

39. 
area 

islet 
tissue in 
pancreas 

No. 
islets 
in 15 
fields 

5C. 

Av. area Wt. 
one islet pan- 
in sq.cm. creas 

in g. 

186.0 

139.5 

207.0 

4996.8 

4996.8 

4996.8 

372 

2.7 

4.14 

3.55 

220.0 

180.0 

261,0 

220,3 

0.85 

0.78 

0.79 

0.81 17.6 

280.2 41)e.c1 5.60 174.0 1.61 

282.9 4coes8 5.66 6.02 181.5 214.5 1.56 1.48 11.89 

339 s 5 49/6.8 6.79 268.0 1,27 

95.8 

x.v.toolowelemooreowerramem 

4996.8 1.92 207.0 0.46 

71. 3 4996.8 1.43 2.57 163.0 221.3 0.43 0.54 8.45 

217.9 4996,8. 
. 

4.36 293.8 0.74 

268.5 4996,S 5.37 442.5 0.61 

6C .1 4996.8 1.20 2.01 10.0 27.11.5 0.41 0.49 14.49 

10.3 4996.8 2.06 229.0 0.45 

43.9 4996.8 C.88 48.0 0.91 

46.1 4996.8 C.92 0.88 43.0 45.7 1.07 0.96 13.64 

42.0 4996.8 0.84 46.0 0.91 

188.7 4995.8 3.77 137 1.38 

122,7 4996.8 2.45 3.29 132 141.3 0.93 1.16 19.3 

182,7 4996.8 3.65 155 1.18 

187,5 4926.A 3,75 226.5 0.83 

160.2 4996.8 3.20 3.66 156.0 186.0 1.03 1.00 21.56 

201.0 4996.8 4.02 175.5 1.15 - 
414,C 4996.8 9.28 395.6 1.05 

99.9 4996.8 2.00 4.88 1C1.0 257.2 0.99 0.94 15.6 

21 8.6 4996.8 4.37 275.0 0.71 



40. 51. t, Wt. Body Islet Acinar Volume Wt. of Total ;let acinar wt. tissue tissue of' one one No. issue tissue in kg. per kg. per kg. islet islet of 
a g. in g. B.w. 

in g. 
B.E. 
in g. 

in c.u. in islets 

0).62 

0171 

0.217 

01.418 

0420 

I0.635 

0.78 

0+761 

17.0 10.3 0.061 1.65 0.484 0.508 1,220,472 

11.2 8.9 0.080 1.26 1.181 1.240 572,581 

8.23 9.4 0.023 0.88 0.242 0.254 854, 331 

14.1 10.8 0.039 1.30 0.226 0,237 1, 7 63, 713 

13.5 10. g 0.011 1.28 0.648 0.680 176,471 

18.7 12.7 0.050 1.4? O.8ec 0.840 755,952 

20.8 9.9 0.080 2.10 0. 681 0.715 1$090909 

14.8 12.2 0.062 1.22 0.611 0.642 1,185, 358 



41. 

No. Sex. Age. Part No. No. 
of 
pan- 
creas 

Wt. Wt. Area fields islets sheet islets sheet 
in g. in g. in 

sq.cm. 

52. 
Area 
islets 
in 
sq.cm. 

42 

H 3 yrs. H 15 130 4.69 

B 15 54 4,67 

T 15 125 4.67 

1.08 

1.32 

0.92 

516.64 

516. 64 

516.64 

119.0 

35.3 

101.8 

5 yrs. H 15 94 4.78 

B 15 '73 4.80 

T 15 111 4.76 

0.76 

0.44 

0.86 

516.64 

516.64 

516.64 

82.1 

47.4 

93.3 

43 5 yrs. H 16 185 4,72 

B 15 159 4.74 

T 15 104 4.72 

1.04 

0.98 

0.75 

516.64 

516.64 

516.64 

44 N 5 yrs. H 15 132 4.68 

B 15 124 4.69 

T 15 144 4.71 

45 

0.87 

1.13 

1.36 

516.64 

516.64 

516.64 

46 

6 yrs. H 15 171 4.68 

B 15 79 4.64 

T 15 93 4.63 

1.08 

0.77 

1.22 

516..64 

516.64 

516.64 

6 yrs . H 15 220 4.68 1.17 516.64 

B 15 137 4.68 0.57 516.64 

T 15 195 4.69 0.90 516.64 

47 F 6 yrs. H 10 292 4.'71 

B 15 182 4.66 

T 15 172 4. 6`7 

18 

1.25 

1.41 

1.66 

516.64 

516.64 

516.64 

7 yrs. H 15 72 4.79 

B 15 68 4.77 

T 15 78 4.78 

0.46 

0.39 

0.63 

516.64 

516.64 

516.64 

113.8 

106.8 

82.1 

96.3 

124.5 

149.2 

119.9 

85.7 

136.1 

129.2 

62.9 

99.1 

137.1 

156.3 

183.6 

49.6 

42.2 

68.1 



7 
Area Area 
islets pancreas 
15 fields 15 fields 
in q.cm. in sq.cm. 

° 

42. 
53. 

% area No. Av. area Wt. 
islet islets one islet pan, 
tiseue in in 15. in SCI*,CM . creas 
pancreas fields In g. 

119.0 

35.3 

1C1.8 

4996.8 

4996.8 

4996.8 

2.38 

0.71 

2.04 

1.71 

82.1 

ft....a 0 1 IA 111 Inn. Men. 

4996.8. 1.64 

47.4 4996.8 0.95 1.49 

93,3 4996.8 1.87 

106..7 4996.8 2.13 

106.8 4996,8 2,14 1.97 

82.1 4996,8 1.64 

96.3 4996,8 1,93 

124,5 4990,8 2.49 2.47 

149.2 4990.8 2.98 
e sly nvaintrit .101 

119.9 4996.8 2,40 

85.7 4996.8 1.73 2.61 

136.1 4996.8 3.72 

129,2 

62.9 

99,1 

205.5 

156.3 

183.6 

49.6 

42,2 

68.1 

4996.8 

4996.8 

4996.8 

2.58 

1.26 

1.98 

1.94 

4996.8 4.11 

4996.8 3, 13 23,64 

4996.8 I, 
3. 6'? 

sonare f. 

4996.8 c.99 

4996.8 C.84 1.06 

4996.8 1.36 

13c 

54 

125 

0.92 

1C3.0 0.65 

0.81 

0.79 12.76 

94 0.87 

73 92.7 0.65 0.75 

111 0.84 

173.4 0.66 

159.0 145.5 0.67 0.71 19.6 

104.0 0.79 

132 0.73 

124 113.3 1.0C 0.92 24.3 

144 1.04 

171 

.*TK 

0.70 

79 114,3 1.08 1.08 23.0 

93 1.46 

220 0.59 

137 150.7 0.46 0.52 20.6 

195 0.51 
a 

438 

g e vft, e. on. 

C.47 

182 24.0 0.86 0.80 22.7 

172 1.07 

72 0.69 

68 72.7 0.62 0.73 42,1 

78 0.8'7 



43. - - 
54. M. Wt. Body Islet Acinar :Volume t. of Total 

Lslet acinar wt, tissue tissue of one one No. 
;issue tissue in kg. per kg. per kg. islet islet of 
31 g in g. B.W. B.W. in c.u. in islets 

in g. Inge 

4.218 12.54 10.6 0.021 1.19 C.453 0.476 457,983 

NOVogaCerabgrnaze% 

0.43 

c*....aapsrtun 

28.2 16 C.027 e 6 0.426 0.447 961,969 

0.39 19,2 15.5 C.C25 1,24 0.401 0.421 926,366 

0.60 23.7 16 C.Cal 1.48 0.578 0.607 988,468 

0.50 22.4 14 0.043 1.60 0.722 0.758 791,557 

20.2 20,5 0.020 C.99 

esnEWIL 

C.242 0.254 1,574,803 

0.83 21.9 15.5 0.054 1.41 (.451 0.478 1,736,402 

0.45 41.75 17.0 0,026 2.45 0.401 0,421 11068,884 

u.x.nIa.Masa wonn......rearemaaerweramoss**.s....=,ci 



¡1 

Ng. Sex. Age. Part 
of 
pan- 
cress 

No. 
fields 

49 
i:: 
(i1 

1C yrs. H 15 

15 

T 15 

50 F 13 yrs. H 15 

B 15 

T 15 

51 13 yrs. E 15 

15 

T 15 

52 m 13 yrs. H 15 

B 15 

T 15 

53 F 14 yrs. H 15 

15 

T 15 

54 M 14 yrs . H 15 

B 

T 15 

56 

T 

111Marproc,-searo.c-_..._..._.em.. .......... 

15 yrs. 

15 

15 

15 

15 

15 

44. 

No. 
islets 

B 

Wt. 
sheet 
in g. 

Wt. 
islets 
in g. 

Area 
sheet 
in 
,áq. CI'V. 

156 4,64 0.80 516. 04 

89 4.66 0.70 516. 64 

118 4,04 0. 68 516. 64 

129 4,92 1.15 516.64 

'74 4.92 0.92 516.64 

81 4.95 1.43 516.64 

34 4.55 0.18 516.64 

47 4.57 0.43 516.64 

47 4.56 0.62 516.64 

1Z8 4.68 0.83 516.64 

123 4.74 0.87 516.64 

153 4.66 1.54 516.64 

81 4.61 0.74 516.64 

46 4.76 0.43 516.64 

38 4.79 0.30 516.64 

52 4.69 0.47 516.64 

40 4.67 C. . 69 516.64 

117 4.94 1,43 516.64 

8 6, 4,70 1.13 516,64 

10C 4.95 1.75 516.64 

4.76 0.82 516.64 

t3,3 4.74, 0.65 516.64 

84 4.74 0.92 516,64 

55, 
Area 
islets 
in 
5.. ts.i7. 

89.1 

77.6 

75.7 

120.8 

96.6 

149.3 

20.4 

43.6 

70.2 

91.6 

94.8 

170.7 

79.5 

46.7 

32.4 

..... 
51.8 

76.3 

149.6 

120.0 

182.6 

89.0 

70.8 

100.3 



Area 

islets 
15 fields 
in sa.erTi. 

Area 
pancreas 
15 fields 
in sq.cm. 

45. 
% area 
islet 
tissue in 
pancrea-, 

No. 
islets 
In 15 
fields 

Av. 
one 
in 

area 
1:let 

sq.cm. 

56. 
Wt. 
pan- 
creas 
in g. 

89.1 4996.8 1.78 156 0.57 

. 6 4996.8 1.55 1.61 89 121.0 C.87 C.69 21.4 

75. 7 4996.8 1.51 118 C.64 

4996.8 2,42 129 C.94 

96.6 4996.8 1.93 2.45 74 94.7 1.31 1.33 28.6 

149.3 4996.8 2.99 81 1.84 

20,4 4996.8 C.41 34 C. 60 

48.6 4996.8 0.97 0.93 47 32.0 1.03 1.03 58.8 

70.2 4996.8 1.40 47 1.49 

91.6 4996.9 1.83 138 C.66 

94.8 4996.8 1.9C 2.38 1P3 138.0 C.77 0,85 44.6 

17C.7 4996.8 3,41 153 1.12 

79.5 4496.8 1.59 81 0,98 

46.7 0.93 1.06 46 53.0 1.01 0.95 55.5 

32.4 4996,8 0.65 38 0,85 

51.8 499.8 1.04 52 1.00 

.1* 1.29 46.0 I9 1.46 56.6 

76.3 4996.8 1.53 40 1.91 

149.6 4996.8 2.99 117 1.28 

120.0 4996.8 2.40 3.01 86 101.0 1.40 1.50 40.5 

182.6 4996.8 3.65 1CC 1.83 

89.0 496.8 1.7R 66 1.35 

70.8 4996.8 1.42 1.74 63 71.0 1.12 1.22 35.1 

100.3 4996,8 P.C1 84 1.19 



`;' 

Vt. 

Ls let 

assue 
Ln g. 

-._____I 
46. - " 57. 

wt. Body Islet Acinar Volume Wt. of Total 
acinar wt. tissue tissue of one one No. _ 

tissue in kg. per kg. per kg. islet islet of 
in g. B.. B.W. in c.). in Y islets 

in g. in g. 

0.35 21.0 25.5 

0.7C 27.9 25 

0).55 58.2 33 

1.C6 43.5 52.5 

0.59 54.9 

WIMI10.11.1100/06axsaNaa. 

34.0 

0.73 55.9 46.5 

01111111.-1, 

1.22 39.3 37.0 

C.61 34.5 40.5 

C.C14 0.81 0.328 0.344 1,017,442 

C.C28 1.12 0.976 1,025 679,612 

0.017 1.76 

Atmeclat*. 

n.e81 0.715 783,217 

0.020 0.83 0.613 0.644 1,645,963 

AMMMalinbEsM 

0.017 1.62 0.610 0.643 917,574 

0.016 1.20 1,128 1,184 618,644 

0.033 1.06 1,181 1,240 983,871 

0.015 L85 C.SR6 C0930 655,914 



No. Sex. A :fe. Part 
of 
pan- 
creas 

WC. 
fields 

47 

N c . 

islets 
ITt . 

sheet 
in g. 

)A . 
islets 
in g. 

Area 
sheet 
in 
sq.cm. 

58. 

Area 
islets 
in 
sq.cm. 

57 F 15 yrs. E 15 87 4.79 C.69 516.64 74.4 

B 15 74 4.79 0.76 516.64 83.2 

15 112 4.75 1.09 516.64 118.6 

58 F 15 yrs. H 15 58 4.79 0.31 516.64 33.5 

B 15 46 4.7? C.52 516.64 56.3 
T .15 113 3 4.78 C.83 516.64 89.8 

*60.0,11. 

59 F 15 yrs. E 15 68 474 0.9C 516.64 98.1 

B «15 49 4.71 0.65 51 6. 64 71.3 

T 15 69 4.69 0.96 516,64 106.0 

F 16 Yrs. 15 64 4.72 0.37 116.64 40.5 

A »15 63 4.76 0.59 516.64 64.0 

T 15 80 4.73 0.73 51 6. 64 79.7 
.......... a obrimorm........IM ....................-- ... ,..... ..-., 

61 M 18 yrs. H 47 4.63 0.47 516.64 52.4 

B 15 35 4.68 0.45 516.64 49.7 

T 15 59 4. 61 0.82 516.64 91.9 

62 F 18 yrs. E 15 44 4.73 0.74 516.64 80.9 

13 15 53 4.77 0.52 516.64 56.3 

T 15 72 4.70 0.99 516.64 108.8 

63 F 18 yrs. H 15 52 4.77 0.42 516.64 45.5 

B 15 54 4.75 0.41 516.64 44.6 

T 15 37 4.54 0.40 516.64 45.5 

64 F 19 yrs. H 15 33 4.98 0.32 516.64 33.2 

13 15 51 4.98 0.59 516.64 61.2 

T 15 80 4.97 C.94 516.64 97.7 



_---¡- 
48. 

59. 
Area Area % area Ito. Av. area rt.. 
islets pancreas islet islets one islet pan. 
15 fields 15 fields tissue in in 15 in sq.cm. creas' 
in aq.cm. in sq.cm. pancreas fields in g. 

74.4 

8:.2 

118.6 

4996.8 

4996.8 

4996.8 

1.49 

1.66 

2.37 

1.84 

87 

74 

112 

91.0 

0.86 

1.12 

1.06 

1.01 46.2 

33.5 

56.3 

89.8 

98.1 

71.3 

106.0 

40.5 

64,0 

79.7 

52.4 

49.7 

91.9 

80.8 

56.3 

108.8 

45.5 

44.6 

45:5 

33.2 

61:2 

97.7 

4996.8 

4996.8 

4996.8 

0.67 

1.13 

1.80 

1.20 

58 

46 

113 

72.3 

0.58 

1.22 

0.79 

0.86 51.8 

4996.8 1.96 68 1.44 

4996.8 1.43 1.83 49 61.7 1.46 1.49 78.3 

4996.8 2.12 68 1.56 

4996.8 0.81 64 0.63 

4996.8 1.28 1.23 63 69.0 1,02 0.88 50.2 

4996.8 1.59 80 1,00 

4996.8 1.05 47 1.11 

4996.8 0.99 .1.29 35 47,0 1.42 1,36 59.9 

4996.8 1.84 59 1.56 

4996.8 1.62 44 1.84 

4996.8 1.13 1.64 53 56.3 1.06 1.47 '79.8 

4996.8 2.81 ?2 1.51 

4996.8 '0.91 52 0.88 

4996.8 0.89 0.90 54 47.7 0.83 0.98 49.0 

4996.8 0,91 37 1.23 

4996.8 0.66 33 1.01 

4996.8 1.22 1.28 51 54.7 1.20 1.14 44.7 

4996.8 1.95 80 1.22 



711111111--=:=':- __...._____ 
, 

49. 
6 

Wt. Wt. Body Islet Acinar Volume Wt.of Total 
islA acinar wt. tissue tissue of one one No. 
tissue tissue in kg. per kg. per kg. islet islet of 
in g. in g. B.W. B.v% in c:ta. in 1r islets 

in g. in g. 

0.85 45.3 

C.62 

.4.9.0.10.0efine 

48.0 

51.2 40.5 

0.017 0.94 0.681 C.715 1,1880951 

0.015 1.26 0.613 0.644 962,733 

1.43 76.9 43.5 0.033 1.77 1,181 1,240 1,153,226 

C.62 49.6 42.0 C.C15 1.19 0.545 C.572 1,083,916 

C.77 

C.44 

0.57 

33,C 0.023 1.79 1.025 1,076 712,963 

'78.5 50,c 0.026 1.37 1.181 1.240 1,056,532 

48.6 5,00 

44,1 49.5 

0.009 0.97 

C.C11 0.89 

0.648 C.680 647,059 

0.800 0.840 678,571 

11.1.101.11111120 



Pm' - 61. 

lid 
Sex. Age. Part No. 

of fields 
pan- 
creas 

No. 
islets 

Wt. 
sheet 
Inge 

Wt. 
islets 
in g. 

Area 
sheet 
in 
sq.cm. 

Area 
islets 
in 
aq.cm. 

65 M 19 yrs. li 15 

15 

15 

84 

75 

76 

4.78 

4.78 

4.76 

0.50 

0.46 

0.64 

516.64 

516.64 

516.64 

54.0 

49.7 

69.5 

66 F 19 yrs. H 

/10.11......0 4.7 

78 4.69 0.83 516,64 91.4 

15 54 4.79 0.82 516.64 88.4 

15 90 4.81 0.80 516.64 85.9 
,.... ...lot Of Wt. emonsimbeaelL 

67 F 2C yrs. H 15 71 4.54 0.57 51 6. 64 64.8 

B 15 67 4.54 0.67 51 6. 64 76.2 

T 15 109 4.55 1.06 51 6, 64 120.4 

68 F 21 yrs. H 15 P1 4.68 1.10 516.64 121.4 

13 r 78 4.73. 1.16 51 6. 64 127.2 

T 15 111 4.71 1.74 51 6, 64 190.9 

69 F 22 yrs. h 15 61 4.72 1.05 516.64 114.0 

B 15 61 4.75 0.98 516.64 106.6 

T 15 95 4.76 1.23 516.64 133.3 

70 1 2.3 yr3. h 15 64 4.87 0.54 516,64 57.3 

B 15 35 4.83 0.34 516.64 36.4 

15 45 4.84 0.42 516.64 44.8 

71 M 24 #rs. H 15 50 4.64 1.03 516.64 112.5 

B 15 55 4.67 0.61 516.64 67.5 

T 15 41 4.C1 1.49 516.64 167.0 

72 M 24 yrs. H 15 138 4.69 0.80 516.64 88.1 

13 15 100 4.86 C.78 516.64 82.9 

15 109 4.71 0.83 516.64 91,0 



Area 
islets 
15 fields 
in s q. cm. 

Area 
pancreas 
15 fields 
in sq.. 

% area 
islet 
tissue in 
pancreas 

51, 
No. 
islets 
in 15 
fields 

Av. 
one 
in 

area 
islet 

sq. em. 

62. 
Wt . 
pan- 
creas 
in g.. 

--._--- 
54.0 

49.7 

69.5 

4996.8 

4996.8 

4996.8 

1.08 

0.99 

1.39 

1.15 

84 

'75 

76 

78.3 

0.64 

0.66 

0.91 

0..74 90.4 

91.4 4996.8 1.83 '78 1..17 

ß8,4 4996.8 1.77 1.77 54 74.0 1.64 1,25 52.0 
85.9 4996.8 1.72 90 0.95 

64.8 4996.9 1.30 71 0.91 

'76,2 4996.8 1.52 1.74 67 82.3 1.14 1.05 77.5 
120.4 499 6. 8 2.41 109 1.10 

121.4 4996,8 2.4.3 81 1.50 

127.2 4996,8 2,54 2.93 '78 90.0 1.63 1.62 61.6 
190.9 4996.8 3.82 111 1.72 

114.9 4996.8 2.30 61.0 1.88 

106.9 499 0. 6 2.13 2.34 61.0 72.3 1.75 1.68 88.0 

133..3 4996,8 2.60 95.0 1.40 

57.3 4996.8 1.15 64 0.90 

36.4 4996.8 G.73 0,93 35 48.0 1.04 0.98 52.9 

44.8 4996.8 0.90 45 1.00 

112.5 4996,8 2.25 50 2.25 

67._5 4996.8 1.35 2.31 55 48.6 1.23 2,52 100._5 

167._0 4996.8 3.34 41 4.07 

88.1 4996.8 1.76 138 0.64 
82.9 4996.8 1,66 1.75 100 115.6 0.83 0.77 63.0 

91.0 4996.8 1.82 109 0.83 



will,,,- 
52. 

6 Body Islet Aeinar Volume W.t.of Total filet aeinar wt. tissue tissue of one one No. Issue tissue in kg. per kg. per kg. islet islet of n g. in g. LW. 
in g. 

B.W. 
in g. 

in c.u, in islets 

. 

rrarrbirrinrtsr.r.rrrroorrrwirararrargraxo.. 

1.04 64.5 0.016 1 7n C.426 0.447 232,662 
f 

0,92 51.1 48,C 

900.44.51:11 

C.C19 1.06 0.931 0.978 940,695 

Arreor.crrar .....nownlarrrer 

1.35 76.1 57.5 0.023 1.32 0.681 0.715 1,888,112 

1.81 59.8 50.0 0.036 1.20 1.349 1.416 1i274 648 

amasses rrrro.nc-oraero 

2,06 85.9 50.5 0.041 1.7D 1.406 1.476 1,$91892 

.4011811r Alorralbrelds Ayr 

0.49 52.4 43.0 C.011 1.92 0.648 0.680 720,588 

2.32 48.i C.(49 2.05 2.608 2,738 846,715 

1.10 61.9 38.0 0.029 1.63 0.455 0.478 2,301,255 



RP- 

Na 

T 

Sex. Age. 

Je'ry 

73 F 24 yrs. 

74 F 2S yrs. 

75 

76 

r 25 yrs. 

pp Tr'S 

77 ki 28 yrs. 

78 28 yrs. 

.79 ?If 33 yrs. 

53. 
Part No. Moo 
of field islets. 
pan- 
creas 

H 

8 

H 

li 

T 

H 

T 

H 

H 

B 

T 

H 

80 F 35 yrs. H 

wt. wt. Area Area 
sheet islets sheet islets 
in g. in g. in 

sq.cm. 
in 
sq.cm. 

15 45 4.92 C.80 516.64 84.0 

15 47 4.69 0.57 516.64 62.8 

15 4.93. 0.89 516. 64 93.3 
CsOrn.31.-4, 

15 58 4.68 0.56 516.64 

15 46 - 4.68 0,61 516.64 67.3 

15 75 4,72 1.14 516.64 124.8 

15 17 4.77 C,17 516.64 18.4 

15 35 4.89 0.41 516,64 43. 

15 $17 4.73 0.32 516,64 32.8 
.e....0110110116 

15 73 4.70 0.57 516.64 62.6 

15 56 4,63 0.27 516.64 30.1 

15 3C 4,64 0.42 516.64 46.8 

15 29 4.65 0.30 51 6. 64 33.3 

is 54 4.C4 1.04 516.64 115.8 

15 62 4.71 0.87 516.64 95.4 

15 21 4.8,70 0.42, 516.64 44.4 

15 39 Or, e 0.65 516.64 72.7 

69 4.92 1.59 516.64 167.0 
awaWevresiew*O.r1--S 

15 55 4.61 0.68 516.64 76.3 

1 5 e5 il 4. 61i 1.10 516.64 122.2 

15 65 4.S4 1.31 516.64 145.9 
Ar T.nl .-MOMM-1,11. -.ftV.*Mliagtle**** +.A... ern....,. 

15 65 4.76 0.29 516.64 31.5 

15 76 4.75 0.50- 516.64 54.4 

15 64 4.72 0.48 516.64 52.5 

OCW....PMC.. ....OM. ' 



4 

Area 
Islets 
15 fields 
In sq. CM . 

Area 
pancreas 
15 fields 
in sq.cm. 

area 
islet 
tissue in 
pancreas 

54. 

No. 
islets 
in 15 
fields 

Av. area 
one islet 
in sq.cm. 

65. 

pan- 
creas 
in g. 

84.0 

62.8 

93.3 

4996.8 

4996.8 

4996,8 

1.68 

1,26 

1.87 

1.60 

45 

47 

54 

38.7 

1.87 

1.34 

1.73 

1.65 45.0 

61.8 4996.8 1.24 58 1.C7 

67.3 4996.8 1.35 1.'70 46 59,7 1.46 1.40 49.5 

124.8 4996,8 2.50 75 1.67 

18.4 4996.8 0,37 17 1.C8 

43.3 4996,8 C.87 C.63 35 29.7 1.24 1.07 88.0 

32,8 4996.8 0.66 37 0.89 

62. 6 4996.8 1,25 73 0.86 

30,1 4996,8 0.60 0.93 56 53.0 0.54 0.99 61.2 

46.8 4996.8 C.94 30 1.56 
u.ammainpos..........ommeiasesnesumaioxmagor..Onesafwes..... 

33,3 4946,8 0.67 29 1.15 

115.8 4996.8 2.32 1.63 54 4b..5 2.14 1.61 79.1 

95.4 4996.8 1.91 62 1.54 
1...40.0.40O-......111011 

44,4 4996.8 0.84 21 2.11 

72.7 4996.8 1.45 1.88 39 43.0 1.86 2.13 67.0 

167.0 4996.8 334 . 69 2,42 

'76.3 4996.8 1,53 55 1.3g 

L22.2 4996.8 2,44 2, 65 61.6 1.88 1.84 79.5 

L45. 4996.8 2.92 65 2.25 

0.49 31.5 4996.8 C. 63 65 

54.4 4996.8 1.09 0.92 76 68.3 0.72 0.68 67.6 

52,5 4996,8 1.05 e4 0.82 



55 
wt.- 'ivt . Body Islet Aeinar Volume 
islet aeinar wt. - tissue tissue of one 
tissue tissue in kg. Der kg. perks. islet ' 

in g. in g. .T. 
in g. 

in g, in c,u. 
Iftrawa 

66. 
Wt. of Total 
one No. islet of 
in islets 

0.72 44.3 37.0 0.019 1,20 1.406 

aeww 

C.84 48.7 44.0 0.019 1.11 1.074 

0,55 87.4 46.0 0.012 1.90 C.722 

C.57 60,6 56.0 0.010 1.08 0.681 

......11.i raft.. 

1.29 77.8 55.0 0,023 1.42 

_VapAnno-tliew-f11.**...-aisolur 

1.287 

1.26 65.7 

ollerlrenigsaWori,Awmpmeal,.... 

53. 0 0.024 

0.035 

1.24 

1.49 

2.021 

1, 661 1.829 7'7.7 52.0 

.....111..yaaaptrus...-..earseasaa-aser 

0.62 67.0 60,0 0.010 1.12 0,13 

1.476 

1.128 

486,486 

743, 36$ 

0.758 

0.715 

725, 594 

797, 203 

1,351 . 955,555 

2.322. 

.4,4*1002.1 

594, 340 

1,744 190- .1,149 

C392 1,5S1,33 



No. Sex. 

82 

83 

84,. 

85 

86;:: 

87 

88 

1 

Age. Part 
of 
pan- 
creas 

56. 

No. No. Wt. Vit. Area Area 
fields islets sheets islets sheet islets 

in g. in g. in : in 
aq. cm. sq. cm. 

67. 

F 39yrs. H 15 47 4.95 0.60 516,14 62.6 

B 15 29 4.95 0.25 516.64 26.1 

T 15 70 4.94 0.65 516.64 6B.Q 

39 yrs.. H 15 45 4.63 0.66 416,64 73.6 

B 15 37 4.65 0.60 516.64 66.7, 

T 15 41 4.62 0.86 516.64 96.2 

4:0 yrs.. H 15 59 4.76 0.69 516.64 74.9 

B 15 61 4.74 0.75 516.64 81,4, 

T 15 60 4.76 P.48 51644 52.1, 

40 yrs.. 15 43 4.88 0.55 516,64 58.2 

B 15 56 4.65 0.64 516.64 71.1 

T 15 71 4.90 1.40 516,64 147.6 

40 yrs. H 15 88 4.98 1.22 516.64 126.6 

B 15 61 4.99 1.25 516.64 129.4 

T 15 87 5.04 1.55 516.64 158.9 

41 yrs. H 15 17 4.81 0.14 516.64 15.0 

B 15 13 4.85 0.16 516.64 17.0 

T 15 34 4.19 0.46 516.64 49.6 

41 yrs . E 15 62 4.75 0.68 516.64 74.0 

B 15 51 4.76 1.06 516.64 115.1 

T 15 108 4.79 1.42 516.64 153,2 

F 42 yrs . H 15 24 4.78 0.29 516.64 31.3 

B 15 18 4.95 0.34 516.64 35.5 

T 15 29 4.95 0.28 516.64 29.2 
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58. 69. 
Nt. , 

islet 
tissue 
in g. 

V.Vt. 

acinar 
tissue 
in g. 

Body 
wt, 
in kg, 

Islet 
tissue 
per kg. 
LW. 

Acinar 
tissue 
;er kg. 
B.T. - 

Volume 
of one 
Islet 
in c.5t. 

Wt.of 
one 
islet 
in 1r 

Total 
Nb, 
cf 
islets 

In g. Ing. 

0.82 75. 4 48.5 

1.11 7P.7 46.0 

64.8 51.0 

1.16 40.6 4C.5 

0 9 
0 32 58.3 43.0 

1,15 49,1 53.0 

0,38 58.2 36.0 

erm.... Mom.. 

C.C17 1.55 C.722 C.758 1,081,794 

,.*.$ 

0.037 2.34 1.730 1.817 758,242 

C.G24 1.71 0.800 0.840 1,321,429 

e.024 1.27 1.730 1.81? 664.835 

0.C29 1.00 1.349 1.416 816,901. 

(.0e7 1.35 C.886 0.930 - 344,086 

. 

0.022 c.93 1.287 1.351 851,852 

0,010 1.62 .1.128 1.184 .322,034 



,a Sex Age Part 
of 
pan- 
Creas 

89 Y 44 yrs . H 

B 

T 

in 
F 47 yrs. H 

B 

T 

91 49 yrs . H 

H 

92 

59. 

No. 
fields 

No. 
islets 

Wt. 
sheets 
in g. 

Wt. 
islets 
in g. 

Area 
sheet 
in 
sq.cm. 

Area 
islets 
in 
sQ. cm. 

15 31 4.96 0.31 516. 64 32.3 

15 38 4.72 0.46 516. 64 50.4 

15 11 4.94 0.12 516.64 12.5 

15 61 4.67 1.24 516,64 137.2 

15 34 4.66 0.60 516.64 66.5 

15 60 4.64 0.96 516.E4 106.9 

15 62 4.83 0.98 516.64 104.8 

15 51 4.83 0.87 516.64 93.1 

15 47 4.88 0.67 516.64 70.9 

50 yrs. H 15 50 4.56 0.56 516.64 63.4 

B 15 38 4.55 0,43 516.64 48.8 

15 4.52 0.71 516.64 81.2 

50 yr 15 

B 15 

15 

80 4.97 

68 4.95 

76 4.70 

0.77 516.64 

0.73 516.0 

1.13 516.64 

79.7 

76.2 

124.2 

94 50 yrs. B ,15 46 4.69 0,40 516,64 44.1 

B 15 36 4.68 0.50 516.64 55.2 

15 48 4.73 0.74 516.64 80.8 

95 P 52 yre. H 15 106 4.95 1.34 516.64 139.9 

B 15 69 4.96 1. 02 516.64 106.2 

15 95 5.01 1.55 516.64 159.8 

I 9 6 56 yrs. H 15 6A 4.95 0.60 516. 64 62.6 

B 15 78 4.98 0.56 516,64 58.1 

T 15 102 4.95 1.39 516.64 145.1 



60. 71. 
Area 
islets 
15 fields 
in sq.cm, 

Area 
pancreas 
15 fields 
in sq.cm. 

% area 
islet 
tissue in 
pancreas 

No. 
islets 
in 15 
fields 

Av. area 
one islet 
in sq. can. 

wt. 

pan- 
creas 
in g. 

32.3 

50.4 

12,5 

4996.8 

4996.8 

4996.8 

0.65 

1.01 

0.25 

0.64 

31 

38 

11 

26.7 

1.04 

1.33 

1.14 

1.17 ?0.0 

137.2 4996.8 2.74 61 2.25 

66.5 4996.8 1.33 2.07 34 51.7 1.96 2.00 61.9 

106.9 4996.9 2.14 60 1.78 

104.8 4996.8 2.10 62 1,68 

93.1 4996,8 1.86 1.79 51 53.3 1.83 1.68 56.5 

70.9 4996.8 1.42 47 1.51 

63.4 4996.8 1.27 50 1.27 

48.8 4996.8 0.98 1.29 38 49.3 1.28. 1.27 74,5 

81.2 499 6. 8 1.62 60 1.35 

79.7 4996.8 1. 59 80 1.00 

76.2 4996.8 1.52 1,86 68 74.7 1.12 1.25 ?4.? 

124,2 4996.8 2.48 76 1.63 

44.1 4996.8 0,88 46 0..96 

, 

55,2 4996.8 1.10 1.20 36 43.3 1.53 1.39 67.2 

80.8 4996.8 1.62 48 1,68 

139.9 4996.8 2.80 106 1.32 

106.2 4996.8 2.12 2.71 69 90.0 1.54 1.51 46.3 

159.8 4996.8 3.20 95 1.68 

_...._w.+.w..._....._..._........ra., 
62.6 4996.8 1.25 68 0.92 

88.1. 4996.8 1.16 1.77 78 82.7 0.74 1,03 61.3 

145,1 4996.8 2,90 102 1.42 



1 
i 

It 

6 
tit. Wt. Body Islet Acinar Volume wt . of Total 
islet acinar wt. tissue tissue of one one No. 
tissue tissue in kg. per kg. per kg. islet islet of 
in g. In g. LW. 

in g. 
LW. 
in g. 

ine.).L. islets 

0.45 

1.28 

1,01 

0.96 

1.38 

0.81 

69.5 48.0 

72. 

0.009 1.45 0.841 0.883 509, 627 

60.6 48.0 0.027 1.26 

56.5 49.0 0.021 1.13 

73.5 54.0 0.018 1.36 

73.3 51.0 4.027 1.44 

66.4 53,0 0.015 1.25 

1.25 45.0 46.0 0.027 0.98 

1.°9 
60.2 57.0 0.019 1.06 

1.874 1,918 666, 666 

.._...._ 

1.406 1.476 684,282 

0.931 0.9'78 981,595 

0.931 0.978 1,411,043 

1.025 1.076 750,000 

1.181 1.240 1, 008,065 

0.681 0.715 1,524,47'7 



[ 62. 73. 

Sex Age Part No. Wo. Wt. Wt. Area Area 
of fields islets sheets islets sheet islets 

pan- in g. in g. in in 
creas sq.cm. sq.cm.. 

97 M 57 yrs. E 15 51 4.99 0.51 516.64 52.8 

8 15 48 4.99 0.37 516.64 38.3 

T 15 57 5.00 0.87 516.64 89.9 

9$ 57 yrs. 

B 

99 F` ' 61 ;as s. H 

B 

T 

lAG g 64 yrs .., 

8 

T 

15 90 4,72 1.0U 516.64 109.5 

15 57 4,78 0.75 516.64 81.4 
. 

15 89 4.78 0.93 516.64 100.5 

15 72 4.79 0.68 516.64. 

15 54 4.76 0.58 516. 644 63.0 

15 59 4.78 0.40 516.64 43.2 

15 42 4.76 0.47 516._64 51.Q 

15 13 4.76 0.71 516.64 77.1 

15 110 4.75 1.. 34 516.64 14 5. 7 



63. 74. 
Area Area % area No. Av. area Wt. 
islets pancreas islet islets one islet pan- 
15 fields 15 fields tissue in in 15 in sg.ca. creas 
in sq. CID. in sq.cm,. pancreas fields in g. 

52.8 

38.3 

89,9 

4996.8 

4996.8 

4996.8 

1.06 

0.77 

1.80 

1.21 

51 

48 

57 

52.0 

1.03 

0.80 

1.58 

1.14 94.2 

109.5 4996.8 2.19 90 1.22 

81.4 4996.8 1.63 1.94 57 78.7 1.43 1.26 96.2 

100.5 4996,8 2.01 89 1.13 

73.3 4996.8 1,47 72 1.02 

63.0 4996.8 1.:26 1.20 54 61.7 1.16 1.30 '71,8 

43.2 4996.8 0.86 59 0.73 

51.0 4996.8 1.02 42 1.21 

77,1 4996.8 1.54 1.82 73 '75.0 1.06 1.20 63.6 

145.7 4996,8 2.91 110 1.33 



Nt. - 

islet aetnar 
tissue tissue 
in g. 

Body 
wt. 
ir kg. 

64 

Islet 
tissue 
per kg. 
B.W. 
tn g. 

Aeinar Volume Wt.of Total. 
75 

' 

tissue of one one Nc. 
per kg. islet Ullet of 
i3.we in e.A. in /1" islets 
In g. 

1.14 93.1 52.5 C.C22 1.77 C.800 C.840 19357,142, 

1.85 93.3 64.5 

1.212.* 

C.C29 1.45 C.931 C.978 1,891,616 

C.86 709 53.5 0.C16 1.33 0.930 0.978 879,346 

1.16 62.4 49.5 C.023 1.26 0.886 0.930 10247,312 
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SECTION II 

The Pancreatic Islets in Obese Sject 

This paper describes an investigation into the 

cent of the pancreatic islets in obese as 

compared with control subjects. The obese cases 

were ordinary overweight individuals with an obvious 

excess of fat in the subcutaneous, eesenteric and 

omental regions, while the control subjects wi3re 

naturally lean people with limited amounts of fat 

in these areas. Ooth obese and control cases had 

an individually sugar- free urine during their 

residence in hospital and died from an assortment of 

causes including lobar pneumcnia, cerebral abscess 

and chronic valvular disease. These lethal factors 

being equally vaeied in the two groups and cf no 

significance in relation to the present observations 

are accordingly not considered worthy cf further 

comment. Finally, the investigaticre it should be 

mentioned, was limited. to the pancreatic islets and 

not extendec to any of the other endocrine glands. 

Ma oriels and Methods 

The pancreases invstigated were obtained from 

19 obese and 19 lean :.ubjects. The obese cases 

consisted of 17 females and 2 males ranging from 

27 to 67 years, while the lean subjects comprised 

11 females and R males varying between 19 and 67 

years. Three blocks of tissue representative of the 

head, body and tail were taken from each pancreas. 

These were fixed in Helly's bichromate- sublimate- 

formalin/ 



2. 

fernalin solution and cut in paraffin. The sections 

were then stained by the azan method. 

The psrcentap.e area cf islet tissue in each 

pancreas vas eStiniated RS follows. The stained 

secticn free the head of the organ was fixed into a 

microscope with the tube placed horizontally instead 

of vertically. A strong carbon- arc light at the 

objective end (Tatscn para2/3) and a prism fitted 

to the eye piece (Watson 4) were then used to cast 

an image cf the section' With a magnification of 

120 on a sheet cf quarto notepaper. Fifteen 

different unelected fields of the section were, 

with the help cf the movable stae, passed over the 

sheet and thereon were traced in pencil ell the 

visible pancreatic islets. An estimate cf the total 

area cf the Islets was made by first weipting the 

sheet in grars and measuring it in square 

centimetres : then all the islets were cut cut cf 

the sheet wlth scissors and weighed separately. 

The ratio 

Weight cf isletsaner Area of islet.,paper 
Weight of sheet Area cf sheet 

enabled a calculation cf the total area cf the 

islets, being the only unknown. This gave the area 

cf islet tissue in 15 fields cf the section. Lirect 

measurement cf the radius led to an estimate cf the 

area cf one field and so cf 15 fields. The data 

- now permitted an easy calculation cf the percentage 

area cf islet tissue. The same measurement was 

similarly carried cut in the body and tail a the 
organ/ 

78. 



3. 

organ ans: so facilitated the determination of an 

average for the whole pancreas. ether factors 

obtained were the numbe of islets in 15 fields 

and the average area cf the islets, cf which the 

latter was determined by dividing, the total area by 

the tetel nurbe.r of the islets in 15 fields of the 

head, body and tail. The calculation of a case 

is illustrated in Table I. 

All the pancreases An the control fercnp end 

most of these in the obese series hoed varying 

arrcunts of adiposity. This was sometimes extreme, 

particularly in the obese group, and causes= 

ccrrespendins separation of the parenchymatous 

lobules. Now, the included fat was not considered 

in the above method. It was regarded as parenchyma 

and so favcured abnrr u11y /ow estimates cf the 

percentage aree cf islet tissue and te nur±ber of 

islets in 15 fields. Some adjustment aras therefore 

etterpted by determining the percentage area of 

pure adipose tissue in the head, body and tail of 

each pancreas in exactly the sane way ae the 

percentage area cf islet tissue except that the 

calculation was based on 5 instead of 15 fields. 

The anounts of fat in the head, body and tail of the 

pancreas used as an illustration in Table I were 

thus found to be 32.5, 14 and 12 per cent 

respectively with the result: that 57.5, 86 and S8 

per cent respectively were the proportions of 

pure parenchyma in the corresponding regions of the 

are cran. The original figures giving the 

percentage/ 
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5. 

percentage area cf islet tissus per whole uancreas 

(parenchyma+ fat) and the number of islets in 15 

fields of whole pancreas were then corrected to 

obtain estimatos of the percentage area of islet 

tissue per pure parenchyms and the number cf islets 

in 15 fields of pure parenchyma. The corrected 

figures for the case detailed in Table T are shown 

in Table TI. The averarre area of the islets: being 

unaffected by the amount of fst in the Lancrees, 

naturally remains unchanged. Incidentally, the 

true average are cf the islets could, if required, 

be obtained by dividing the riven figures by the 

square of the megnification ( 120). 

The above technique also fails to consider 

the weight of the pancreas. The organ unfortunately 

W93 not usually weighed, but was so in 6 control 

and 4 obese cases. These pancreases, after being 

corrected for their content of adipose tissue on 

the supposition that fat and parenchyma.have the 

same specific gravity, weighed as follows : (1) 

control cases = 39.7 g., 73.P g. 67.5 g., 69.1 g., 

51.4 g. and 69.1 g. ; and (2) obese cascs 

83.5 g., 69.1 g., 71.1 g. and 63.1 g. These 

figures with the excepticn cf the first, unusually 

small, control crgan show a close similarity in the 

weiht of the pancreas in te two groups. 

Hesults 

The findings in 10 control (lean) subjects are 

givPW 

81. 



Se
x 

an
d 

ag
e.

 

aa
lc

ul
at

i o
n 

zr
. 

sa
m

e 
C

as
e 

as
 

in
 T

, 
ab

le
 

1 
co

rr
ec

te
d 

fo
r 

Fa
t. 

Jo
. 

of
 i

sl
et

s s 
in

 1
5 

fi
el

ds
 

of
 p

ar
en

ch
ym

a 

Pa
nc

re
as

 
el

, 
ar

ea
 o

f 
ad

ip
os

e 
tis

su
e.

 

ar
ea

 o
f 

is
le

t 
tis

su
e 

pe
r 

pa
re

nc
hy

m
a.

 

W
. 

ar
ea

 o
f 

on
e 

is
le

t 
in

 s
q.

 
cm

. 

Fe
m

al
e 

g 
H

e 
ad

 
32

.5
 

46
 
yr

s.
 

A
v.

 
B

od
y 

14
. 

0 
19

.5
 

T
al

l 
12

.0
 

1.
41

 
cr

. 
1.

87
 

1.
 6

6 

1.
69

 

44
. 

9 

53
. 

1 

63
. 6

 

55
69

 

1.
32

 

1.
 6

1 

1.
 3

3 

:v
. 

l. 
49
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given in Table Iii. While naturally showing some 

variation, the average area cf the islets is 

remarkably constant, being usually near the grand 

average of 1.57 sq.cm. The average number cf 

islets in 15 fields of parenchyma, on the other 

hand, varies censiderably and is therein naturally 

accompanied by an equivalent variation in the 

average percentage area cf islet tissue per 

parenchyma. A, percentage area cf islet tissue 

above 2.58 obtains in cases 3, 5 and 12, but each 

of these is characterised by an excepticnally large 

number cf islets. An amcunt of 2.58 may thus be 

regarded, given an average quota of islets, as the 

highest normal percentage area cf islet tissue per 

p arenchyra. 

The findings in 19 obese subjects are 

eum7arised in Table IV. The grand average area cf 

the islets in the obese series is 2.59 sq.cm. or 

65 per cent greater than the grand average area of 

the islets in the control group. Thirteen or 

68.4 per cent of the obese subjects, moreover, have 

islets with an average nrea of more than 2.22 8q.CM0, 

the uper limit cf the control series. The insular 

enlargrent is very distinct in 7 cases and may be 

termed striking in 4 subjects (8, 15, 17 and 18). 

It is further emphasised by grouping the cases of 

both obese and control series according to the 

average area cf their islets as in Table V. The 

average area of the islets in the entire control 

group with two exceptions and in most of the obese 

aeries/ 

sit 
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Controls 
aex 
and 
age. 

8. 

Table TIT 

aontrol 5ub3ects. 

AV. are a 
of adipose 
tissue in 
pancreas 

Av. % area 
of islet ti ssue per 
parenchyma. 

1 F 19 5. 9 

2 F 22 3. 2 

3 M 22 5. 0 

4 M 32 6.5 

5 F 38 20.4 

6 F 40 10. 8 

7 M45 23.6 

8 F 46 19. 5 

9 M 53 3. 3 

10 M54 9.5 

11 F 57 12.0 

12 F 57 11. 8 

13 

14 

15 

16 

17 

18 

19 

M 58 3. 9 

F 59 7.7 

F 60 10.1 

g 62 5. 4 

F 65 9. 8 

M 6 2.5 

M 67 5.4 

Aver.a 9..3 

Lower Limit 
Upper j~ 

2.22 14- 

2. 54 

3.84 1 

2.58Ì 
2.83 

0.8p 

1. 97 

1.66 -5 

1. 38 r1- 

2.20I3 
1. 91 

3 54 i lp 

1.97 i/ 

1.68 

1.68 

1.80 o 

2.07 1 

1.28 

1.11 ')_ 

Aver. Oa 2.05 

2. 5 0.80 
23.6 3. 84 

Av. number 
of islets 
in 15 fields 
of p irenchyma 

Av. area of 
one islet 
in sq. cm. 

72.1 

80. 7 

91.1 

73. 5 

90.4 

25.0 

55. 5 

55. 9 

40. 7 

52.2 

75. 3 

101.0 

63.5 

79. 7 

53.6 

58. 0 

53.0 

59. 5 

55.4 

%4er.= 65.E7 

25 
101 

1.55 

1.55 

1.84 

1.79 

1.62 

1.59 

1.70 

l. 49 

1. 66 !! 

2 22 

1.27 

1.69 

1.75 

1. 04 

1.54 

1. 54 

2 . 00 

1. 03 °' 

0. 99 l 

aver.-: 1. 57 

0. 99 
11.22 

84. 
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Table IV. 

Obese Subjects. 

85. 

Obese sex 
and 
age. 

Av. % area 
of adipose 
tissue in 
pancreas 

Av. % area 
of islet 
tissue per 
parenchyma 

,a;v. number 
of islets 
in 15 fields 
of parenchyma 

Av. area of 
one islet in 
sq. cm. 

1 F 27 12. 4 1. 80 9- 30. 0 2. 99 . 

2 F 35 13. 9 0. 74 ) 20. 9 1. 8 3 , 

3 F 37 0 2.93 10 62.5 2. 27 

4 F 41 9.5 3.07 Ìl 70.9 2.18 

5 F 42 13. 2 2.16 'It 56. 9 1. 90 

6 F 49 48. 5 3.64 1?) 64. 3 2. 86 

7 F 50 24.1 1.57 a., 33.3 2.36 

8 F 52 16.5 5.26 11 68.8 3.21 ` 

9 F 53 35. 7 1.92 lc. 57.4 1. 61 

10 F 53 2.6 1,80 5 . 61.5 1.46 

11 M 54 19.1 1.60 35.3 2.32 

12 F 57 32. 3 2, 84 9 59:4 2.04 

13 F 58 3. 3 3, 69 74.1 2. 72 

14 F 60 15.8 2.24 3 . 45.7 2.41 ' 

15 M 63 15. 4 4.82 Ì fc, 70. 0 3. 19 
, 

7 

16 F 63 22. 9 4.05 1b 80. 9 2. 53 

17 p 63 11. 6 3. 21 1 2_ 50. 3 
._ 

3.19 ; 

18 F 64 13. 2 5.57 I 'K- 49. 4 5.78 

19 F 67 14. 4 5. 71 11 93, 6 2. 48 

Aver.. a 17.1 Aver.. = 3.19 Aver.= 57. .2 Aver. = 2.59 
Lower Limit 0 0` 74 20. 9 1. 46 

+---2... 
UPPer Limit 48. 5 5, 71 93. 6 5. 78 

15 °% /A . 
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11. 

series then lies between 1 sq. cm. end 2 sq.cm. and 

between 2 sq.cm. and 3.5 sq.cm. respectively 

(Figs. 1-A). Case 18 cf the obese group has islets 

with the extraordinarily high average area of 

5.78 sq.cm. The number of islets per 15 fields 

cf perenchsra, cn the other hand, shows more or less 

the se range and. average in the obese as in the 

control series. 

Enlargement cf the islets in obese cases with 

en average number cf islets has effected an cbvious 

increase in the percentage area cf islet tissue per- 

parenchyma. Thus, g of the 13 obese subjects 

showing insular hypertrophy have a percentage area 

of islet tissue above 2.58, the upper limit of the 

control group in association with an average number 

cf islets. The remaining 4 subjects (1, 7, 11 and 

14), while possessing enlarged -Islets, hove a 

percentage area cf islet tissue less than 2.58. 

These subjects, however, have s relatively low quota 

cf islets and ought to be separately contrasted with 

corresponding controls. Respective quotas of 3C 

and 25 islets per 15 fields sugest a reasonable 

comparisen in obese case 1 and control case 6 and 

these subjects are then found to hsve a very different 

percentage area cf islet tissue in 1.08 and 0.8 

respectively. In other words, even the above 

mentioned, four obese subjects may also justifisbly 

be regarded as having an abnormally large percentage 

area cf islet tissue per parenchyma. Finally, a 

very/ 
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very high percentage area of islet tissue may be 

produced, it will be neted, by the association cf 

either moderate hypertrephy and a very large number 

cf the islets or marked hypertrophy and an average 

number cf the islets as in obese cases 19 and 18 

respectively. 

The pancreatic islets in the obese subjects, 

apart- from central fibrosis in one much enlarged 

specimen in obese case 18, were histologically 

normal. 

Discussion 

The pancreatic islets in 68 per cent of the 

present obese subjects showed vsrying end 

occasionally striking hypertrophy. The enlargement 

the islets, as other 

tissue such as the myocardium in association with 

valvular or hypertensive disease, naturally infers 

a phase cf dveractivity. This deduction is 

further supported by the obese state, according to 

the literature, being sometimes characterised by an 

abnormally low blood sugar with or withcut obvious 

hypoglycaemic manifestations. Thus, ilsrris (1924) 

records the case of an obese female who, en reducing 

herself by dieting from 210 lbs. to 160 lbs., 

experienced " spells of weakness and nervousness 

between 1 a.m. and 2 a.m. She had discovered that 

eating would relieve her condition and so kept an 

orange or glass cf milk within reach, her fasting 

blood sugar was 47 mg. per cent. She was treated 

by/ 
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by frequent feeding with a low crbohydrate diet 

and was thereby rapidly restored tc normal. Harris 

(1932) describes how another obese Individual had 

a blood sugar of 45 mg. per cent and marked lipaamia, 

but did not experience any symptoms of hypoglycaemia. 

Winans (193C) cites two further cases cf obese 

females Ath a low bleed sugar. The first had 

been dieting to reduce and complained of wedkness, 

trembling and inability to keep from cryin7. The 

second was liable to spells of weakness, dizziness, 

" pain in the pit of the stomach," and extreme hunger 

before lunch and in the middle cf the afternoon. 

Her blood sugar in the late afternoon was 67 mg. per 

cent. Both subjects had lived un a high carbohydrate 

diet. Phillips (1)31) also reports the case of a 

well nourished negro who was admitted to hospital in 

a semiconscious condition. Investigation revealed a 

blood urea cf 133 mg. per cent and blood sugar of 

45 mg. per cent, while autopsy disclesed a subacute 

glomerulonephritis and a distinct enlargement of the 

pancreatic islets. Accordingly, both. general 

principles and theciinical data justify the conclusion 

that the pancreatic islets in the 68 per cent of the 

present obese subjects showine enlargement thereof 

were or had been overactive. 

The increase cf the pancreatic islets in size 

and functicn naturally invites explanation. 

Clinical investigation gave no information about the 

diets cf the present obese subjects, but such over- 

weight individuals are nevertheless known to have 

certain/ 



14. 

certaln dietetic idiosyncracies. Ttma, according 

te Lyon (1931) and Lunlop and Lyon (1931), Fross 

overeating is sometimes the distinctive abnormality, 

but a much commoner finding is a wrongly balanced 

diet with a. preponderance of starchy food. 

Carbohydrate nets as a stimulus to the secretion cf 

insulin and, in excess, would ultimately lead to 

hypertrophy of the pancreatic islets. Now, an 

enlarged condition of the islets is also found in 

the cffspring of diabetic methers. Lubreuil and 

Andercdias (1920) and (.ray and Feemster (1926), for 

example, describe how the islets in two such infants, 

born prematurely at the beginning of the ninth and 

eighth months respectively, were in the first case 

markedly hyeertrophied but normal numerically, and 

were in the second instance increased three and 

eight times in number and average size respectively. 

The infants incidentally weighed 5,CCC g. and 

3,30C g. respectively : in other words, both were 

much heavier than the ncrmal. Their increased 

weight is attributed.by Lubreuil and Anderodias 

and the enlarged condition of their islets by both 

them and Gray and Feeinster to the maternal hyper- 

glycaemia and the consequently large supply of sugar 

at the disposal of the infants. The observations 
accordingly support the above suggestion that the 

hypertrophy of the pancreatic islets ncted in 68 per 

cent of the present obese subjects may have been 

due to e. prolonged, excessive consumption of 

carbohydrate. 

The/ 

90. 
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The insular enlargement, on the other hand, 

may be regarded as 9 primary phenomenon of unknown 

eticlogy. The resultant increased supply cf 

insulin, perhaps thrcus# the hypoglycaemic state 

such an has been shown to exist in some obese 

subjects, might then explain the excessiveness cf 

the appetite for carbohydrate and thereby cf he 

deposition cf fat, bcth cf which are so prominently 

associated with the insular enlargement. The 

present type cf obesity would thus be justifiably 

aligned with giantism, Cushing's syndrcme, csteitis 

fibrosa and ether editions due to a primsry, 

inexplicable increase cf the endocrine elements, 

while the dietetic idiosyncracies of the obese state 

would also be placed en a rational, physiological 

basis. 

No final decision is possible between the 

acquisition cf the earbehydrate habit cf diet and 

the enlarged condition of the pancreatic islets as 

regards their respective claim to be the primary 

phenomenon. Albeit, the development of one would 

probably, en the logic cf the above arguments, soon 

lead to the appeerence cf the other and so to a cycle 

in which excessive carbohydrate would require more 

insulin cric insular hypertrophy would demand more 

carbohydrate. The effect of either genesis, following 

the conversion of carbohydrate to fat, would be a 

progressive development cf the obese state. 

Such reasoning infers sustained hyperfuncticn 

of the islets, but prolonged overactivity is apt, 

irrespective/ 
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irrespective cf the tissue, tc be followed by 

detericration and exhausticn. The function of the 

islets in the present obese subjects 

may thus, in the period before death, have still 

been increaF>ed or, on the other hand, normal or 

decreased. Exhaustion of the islets further means 

an upset in the mechanism whereby carbohydrate is 

converted into and stored as fat with the 

consequent excretion cf sane of the ingested 

carbohydrate as sugar in the urine. In other words, 

the surely obese ultimately becomes, as In well 

known, a mixed obese diabetic condition. The 

diabetic phase was envisaged as possibly being, 

in its approach or inception, diagnosable through 

the recognition of early changes In the pancreatic 

islets. The only significant finding, however, 

was well marked central fibrosis in a very large 

islet in obese ease 18. Otherwise, the islets in 

this case and also in all the other obese subjects 

were without any distinctive pathology. Such a 

negative observation was, of cour-,e, in keeping 

with the sugar - free character cf the urine cf all 

the chose subjects, at least during their residence 

in hospital. 

Slimrniry, 

(1) A method is described whereby in a 

;motion of -oancreas estimates can be made of (I) 

the percentage area cf islet tissue ; (ii) the 

number of islets in a specified area ; and (iii) the 

overage/ 

92. 
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average area of the islets. 

(2) The method was used to compare the 

tancreatic islets in 19 obese and 19 lean subjects, 

and thirteen or 68 per cent cf the obese rour) 

were thereby found to have (i) an unusually high 

percentFlge area cf islet tissue ; (ii) an average 

numbcr of islets ; and (iii) abnormally large 

(3) The pancreatic islets in the obese 

subjects, atart from central fibrosis in one 

enlarged secimen, were histologically normal. 

(4) The enlargement cf the pancreatic islets 

found in a proportion of the obese subjects is 

discussed in relation to the obese state. 

93. 
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Section III. 

Sugar Tolerance in eboselablestl. 

A Review of Sixt Five Cases. 

The sugar tolerance of the obese subject 

according to Labbe and Boulin (1925), Allison (1927), 

and John (1927, 1934) may be normal or reduced. 

The reduction of tolerance varies in degree and 

ultimately expresses itself clinically as diabetes. 

These observations agree with the reeognised 

association between obesity and diabetes. Thus, 

Joslin (1921) in an analysis of 1,063 cases of 

diabetes noted antecedent obesity in 40 per cent, 

although Root and Miles (1922) place the figure at 

only 2C per cent. On the other hand, some obese 

subjects periodically experience symptoms which 

might have been produced by an overdose of insulin 

and are incidentally accompanied by an unmistakable 

hypoglycaemia. Such cases have been recorded by 

Harris (1924) and Winans (193C). Harris (1932) also 

reports the case of an obese subject who had a blood 

sugar of 45 mg. per cent without aty hypoglycaemic 

manifestations. 

The above observations suggest the possibility 

of the pancreatic islets of the overweight 

individual being functionally overactive for a time, 

probably during the early years cf the obese state, 

and thereafter consecutively normal and deficient 

in their capacity to secrete insulln. The possible 

detection of such a transition on the part of the 

secretory capacity of the insular tissue in the obese 

subject/ 
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subject with corresponding changes in sugar tolerance 

accoreingly formed the main object of enquiry in the 

present investigation. Proof of the phenomena at 

issue naturally necessitated particular attention 

being given to subjects with a short history of 

overweight. The progress of the research also 

led in time te the investigation of the relation of 

sugar tolerance in the obese individual to other 

factors, viz. duratien of the obese condition, 

percentage overweight, age, and ovarian function. 

The hypertrophied state of the nancreatie islets 

described by Ogilvie (1933) in a proportion of 

obese subjects also presented a problem for 

consideration. 

Material and Methods. 

The 65 subjects investigated comprised 63 

women and 2 men. Each patient having fasted 

since 9 p.m. the previous evening reported at the 

Lietetic Cut-Patient tepartment at 8 a.m. and was 

put to rest in bed. At 9 a.m. t c.c. of blood 

was taken by venepuncture at the elbow, and C.2 c.c. 

of this was used for estimation of the blood sugar. 

At the same time the patient was asked to empty the 

bladder and a sample of urine was tested for sugar 

and acetone. Thereupen 50 g. of glucose were 

given in a tumblerful of water flavoured with lemon 

juice. Further samples of blood were taken at 

half-hour intervals up to two heurs, at the end of 

which time a second specimen of urine was tested 

for sugar and acetone. The blood sugar was 

estimated/ 
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estimated by the methcd of Ilagedorn and Jensen 1923. 

The patient'e history was carefully investigated 

as regards the daration of the obese state, the 

relation cf its onset to any particular event in 

the patient's lift, the possible e74stence of a 

menstrual upset and the date of the menopause. 

height and weight were taken, and the percentage 

overweight was then calculated with the help of 

tables of standardized weights. 

Results. 

The facts accumulated from an examination cf 

the 65 obese subjects are arranged in Table 1 and 

may be analysed ns follows :- 

1. Relation cf su.Ear tolerance to duration 

of 212.9.211E. Fig. i shows all the cases plotted 

according to the duration cf the obese condition in 

each instance. No account is here taken of age. 

The method adopted has nerely been to chart the 

peak cf the sugar-tolerance curve cf the individual 

subjects. Thus, the confusion of plotting a large 

series of curves together has been avoided withcut 

obscuring any of the inferences. The cases are 

numbered individually end in the went of being 

diabetic ( 5,39,47048 and 56) are adeitionally 

marked with a L. 

The/ 

published. by the Association cf Life Insurance 

iirectors and Acturial Society c America 

New York, 1912. p. 38. 
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4. 

The chart is aevisably interpreted without 

ccnsidering two groups of cases, viz. the obese 

diabetics already mentioned and also canes 30, 34, 

36, 4C, 46 and 54, all of which have a algar 

tolerance much below that of the other cases with a 

corresponding history of obesity anu incidentally 

admit to a coon gynecological abnormality hereafter 

described. The average trend of the sugar 

tolerance with the omission of these groups is 

represented by the line AB. This line indicates 

that the sugar tolerance cf the cases diminishes 

progressively with increase in daration of the obese 

condition. Their tolerance tould also appear to 

decline more rapidly during the earlier than the 

later years cf the obese state, but this conclusion 

is uncertain owing to the paucity of cases with a 

history of moee than twenty years overweleht. 

Fig. 1 , ecwever, takes no account of the 

influence of ege on euear tolerance. Tolerance for 

sugar, as shown by epence (192C-1) and corroborated 

later in this series of cases, declines progressively 

throughout life. The sugar curve of a patient in 

the third decade cannot thus bo legitimately compared 

with that of one in the sixth decade. Accordingly, 

the cases were grouped in decades in order to 

eliminate the influence of age as much as possible 

and recharted aceordingto the duration of the 

obenity. The groupings are illustrated in Figs. 2- 

6. These charts are again advisably interpreted 

without cases 3C, 34, 46 and 54 in Fig. 2, case 4G 

in/ 
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in. Pig. 3, and case 36 in Fig. 4, since these 

form, as already mentioned, a distinctly separate 

group. The curves of obese diabetic subjects, 

morecver, are specified by evenly broken lines. 

The interpretaticn of Figs. 2 -6 necessitates 

the preliminary definition of the limits of the 

normal sugar tcicrance carve in people between 20 

and 7C years of age. The fasting blood agar, 

according tc investigators such as Kjer (1924-5) who 

have employed the Hagedorn-Jensen method, is 

generally considered to lie between 80-10C mg. per 

cent. After 5C p of glucose the blood sugar rises 

in about three-quarters of an hour to between 140 - 

160 mg. per cent. Thereafter it falls and reaches 

normal in one and a half to two hours. As already 

mentioned, Spence (1920-1) has put forward evidence 

to show that sugar tolerance declines with advancing 

years, but a rise above 18C mg. per cent is generally 

taken as representing an abnormally low sugar 

. tolerance hansen (1923), Petrgn (1923) . 

Pinally, most investigators would agree, although 

figures in support cf the statement are scarce, 

that a rise cf less than 35 mg. per cent above the 

original fasting level represents an abnormally good 

sugar tolerance. 

A consideration of Fig. 2 in which are plotted 

all cases in their third decade eeveals a steady fall 

in tolerance between case 13 and case 60 with a 

history of obesity for respectively eight months and 

five years. This progressive decline in tolerance 

is/ 
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in also demonstrated by cases in the fourth decade 

and particularly in the fifth decade where the 

duration cf the obesity increases to 17 - 22 years. 

The sixth and leventh decades include only a limited 

number cf subjects, but such cases as have been 

obtained are so arranFed as to favcur the same 

conclusion during these periods. figs. 2 -6 from 

which the Influence of age has been largely 

eliminated thus corroborate the relationship 

observed in Fig. 1 between degree of sugar toleranc 

and duration cf obesity. 

The various curves may now be examined in more 

detail. The third decade (kig.2 ) is characterised 

by cases 13 and 43 with each a total rise of 34 mg. 

par cent. In the fourth decade (Pig. 3) case 15 

has a rise of 33 mg. psr cent, case 57 a rise of 

25 mg. per cent, and case 6 a rise of 24 mg. per 

cent. The fifth decade (Fig. 4) includes caee 12 

with a rise cf 33 mg. per cent. 16ach of these 

cases has thus a curve with total rise of less than 

35 mg. per cent and sueh a low type cf response, 

as already noted, is generally accepted as 

indicating an increased tolerance for sugar. The 

members of this group, moreover, are also related 

inasmuch as each gives a history of a shcrt period 

of obesity, the longest being 5 years in case 6. 

Case 2 in the fourth decade with a rise of only 29 

mg. per cent at first might falls Into this group, 

but paradOically enough gives a history cf having 

been over weight for fourteen years. This 

individual/ 
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individual, however, ie very difficult to assess 

accurately awing to the obvious discreoancy between 

the fasting and terminal points of its carve and 

so has been omitted from conideration. 

Cases with a history cf obesity up to eleven. 

years excluding the above nentione41 Group have 

normal sugar-tolerance curves. 

Cases with a hintory cf obesity for more than 

eleven years nay continue to fall within normal 

limits or show evidence cf slightly, moderately or 

markedly diminished sugar tolerance. Thus,slightly 

reduced tolerance is seen e.g., in cases 17 and 55 

(fifth decade) with curve peaks of 183 mg. per cent,» 

case 61 (sixth decade) with a peak of 187 mg. per 

cent, and cases 14 and 62 (seventh decade) with 

peaks of 186 and 187 mg. per cent respectively. 

Lefinitely reduced sugar tolerance is evident e.g., 

in cases 26 and 41 (fifth decade) ;,,,It;h peaks of 

2C3 and 21C mg. per cent respectively, and. cases 5C 

and 19 (seventh decade) with peaks of 194 and 199 mg. 

per cent respectively. Finally, markedly 

diminished tolerance is seen in cases 5 and 47 

(fourth decade), cases 39 and 48 (sixth decade)0 and 

ease 56 (seventh decade). These subjects show an 

abncrnally great rise and a delayed fall and are 

characterised in each instance by a positive 

Fehlingls test for sugar in the second specimen of 

urine. They have clearly passed into the phase cf 

diabetes. The oneet cf diabetes in these cases, it 

will/ 
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will be noted', was preceded by a period of over- 

weight raning from twelve years in cane 47 to thirty 

eight years ir case 56. 

In summation, one third of the cases with a 

history of obesity for five years or less have an 

increased ugar tolerance, while th n remainder in 

this group have normal 
. tclerance. Thereafter, the 

sugar tolerance of all obese subjects lies within 

normal linits up to a duration of eleven years' 

obesity, r,cme exhibit normal tolerance oven after 

having been overweight for eighteen. years. The 

reriod after eleven years, nevertheless, is 

characterised by a progressive decline in suo:ar 

tolerance so that after eleven yearn examples of 

abnormally /Ow tolerance make- their arpearance and 

after eighteen years every case vithcut exception 

In the series has a ncre or less subnormal tolerance. 

Tolerance ultimately becomes so defleient as to 

provoke the symptoms and signs cf diabetes. Liabetes 

among the cases under review supervened after 

periods cf obesity ranging between twelve and 

thirty eight years. 

2. elation_cf ntz_a_r tolerance to _Lercenlm 

overw2Igh.t. This relationship was investigated by 

grour.ing the cases in decades so as again to 

elirinate as much as possible the influence of age 

and plottlnr: them according to their percentage 

overweight. Figs. 7 -11 were constructed in this 

way and show that the avera7e tolerance in each 

decade Is represented by a horizont-0. line. The 

sugar/ 
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sugar tolerance cf the obese subjec, in ether words, 

is in no way related to the amount of overweight. 

In the fourth decade, for example, case 32 with 

75 per cent overweight has a slightly better 

tolerance than case 42 with 34 per cent overweight, 

and in the sixthdecade caue 61 with 137 per cent 

overweight has as gocd a tclerance as case 63 with 

only 36 per cent overweight. The amcunt of over- 

weight 1 thus nc index cf the obese subject's 

sugar tclerance. 

3. Aelation uljaLET tolerance to age. Tbis 

association. is illustrated in Fe g. 12 where for the 

sake of clarity only the peaks of 41,e1 tolerance 

curves have been plotted according to the patients 

age. The line AB represents the average height cf 

the peaks (omitting the two groups of cases 

mentioned in section 1) and signifies a progressive 

decline of sugar tolerance with advancing years. 

4. Relation cf sugar tolerance to ovarian 

function. Such a relationship is suggested by a 

study of cases 30, 34, 36, 40, 46 and 54, and also 

of case 48. T41ch of the first group of nix cases, 

as seen in 7igs. l-4, has a much. lower tolerance for 

sugar than the others with a correspondingly short 

history cf obesity. The cases in +Ms group, 

moreover, are further remarkable for their common 

admission to a history ef daminished cvarian 

function. Thus, case 3C is a married eoman, aged 24, 

who had a unilateral ocphorectony performed two 

years ago. prior to the operation her menses were 

of the 7/28 type and the loss was average. Since 

the/ 
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the operation her menses have been half of their 

former duration, now $/28, and the lo es has been 

scanty. :Her obesity dates from the operation also. 

Case 34 is a mareie0 wman, a7e3 25, vith markedly 

irregular and scanty periods, her loss amounting to 

one er two spots every 7-12 weeks. Case 46 is a 

married woman, aged 29, who hao had nc menstrual 

period since the birth of her sixth end laEt child 

three years ago. Fer menarche occurred at the age 

of 17 years and her pierods were reFeller, 3-4/28, 

until they ceased in 131. Case 54 is a married 

.woman (nullipare), aged 29, wheee relstruation has 

consisted of a scanty period lasting one or two 

days every 2-12 mcnthe. Case 40, the only one in 

the fourth decade, is a married woman, aged 34, with 

six children. he had a severe haemerrhage eight 

months ago just before the birth cf the sixth child 

and was accordingly sterilised by deep X-ray therapy. 

Lastly, -case 36, the only one in the fifth decade, is 

e married woman, aged 44, who by reascn of eevere 

uterine haemerrhaee two years ago was artificially 

sterilised by the ineertion of radium. 

Case 48, an cbeee female diabetic itS the sixth 

decade, is test considered in rele-ien to the trend 

cf sugar tolerance at the menopause as seen in 

Fig. 12. In this graph, CRSWI these menopause is 

occurring or has occurred are indicated respectively 

by ZS. and () The first of the group, i.e. 

case 38 (marked by arrow) is 43 years cf age. In 

only five instances to the right of this case has no 

sign/ 
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sign of the menopause yet appeared. The line AB 

thus continues to rise at the same rate during the 

years after as before the climacteric. In other 

werds, the natural cessation of ovarian function 

at the menopause is net usually associated with any 

accelerated falling off in sugar tolerance. Now, 

ease 48 gives a history of having been overweight for 

twenty seven years. She experienced her menopause 

three years ago and since then has been losing wei.t. 

In the year after her menopause she had an attack 

of pruritus and a second attack occurred. a year 

later. When she came under observation this year 

she complained of thirst and eelyuria and her sugar- 

tolerance curve, associated as it was with glycosuria, 

proves her to be frankly diabetic. From what 

has already been said, this elderly subject after 

being obese fer twenty seven years may legitimately 

be regarded RE having had a much reduced sugar 

tolerance. Her history, moreover, suggests that 

she became diabetic during her menopause. In other 

words, cessation of ovarian function at that time 

appears to have been associated with such an 

additional decline in tolerance as to make her 

grossly incapable of dealing with sugar. This ease 

Is thus an exception to the usual accomplishment of 

the menopause without any evident disturbance cf 

e sugar metabolism. 

Liscussion. 

Joslin (1921) believes that percentage over- 

weight/ 
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weight has an important bearing on the sugar 

tolerance of the obese subject in that the tendency 

to the development of diabetes increases in 

proportion to the amount of overweight. The present 

cases, however, sometimes show the association of 

small and large amounts of overweight with 

respectively low and high grades of sugar tolerance. 

In contrast, the ability of these subjects to deal 

with sugar deteriorates pregressively as the length 

of time during which they have been obese increases 

and ultimately after periods of overweight ranging 

between twelve and thirty eight years assumes a 

diabetic type. The duration of the obesity 

according to this investigation is thus of much more 

significance in relation to the sugar tolerance of 

the overweight subject than the degree of obesity. 

The same conclusion is favoured by Labbe and Boulin 

(1925) and Allison (1927). Spence (1920-1) has 

further drawn attention to the importance of 

advancing years in bringing about a lowering of the 

individual capacity to deal with sugar and such a 

relationship is again evident in this series of 

cases. Finally, several subjects in the present 

investigation are characterised by rapidly increasing 

overweight, a very low sugar tolerance for the 

duration of the obese condition, and signs of 

ovarian dysfunction. The factors influencing the 

sugar tolerance cf the obese individual are thus 

varied in nature and include the duration of the 

overweight condition, the age of the patient, and 

ovarian/ 
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ovarian dysfunction. All cf these conditions, 

moreover, have tne common effect of reducing the 

capacity of the obese person to deal with sugar. 

According to this inveetigatio.e. the sugar 

tolerance of one third of obese subjects is 

consecutively increased, normal and decreased, 

whereas the ability of the other two thirds to deal 

with sugar is normal at first and -later decreased. 

The assumption of a correlation between sugar 

tolerance and secretion of insulin enables these 

trends to be interpreted as indicating that the 

pancreatic islets in one third of obese subjects pass 

through phases of increased, normal and decreased 

function, while the insular tissue in the remainder 

merely shows stages of normal and decreased activity. 

Now, Ogilvie (1933) observed varyia46 degrees of 

enlargement,of the pancreatic islets in thirteen 

cut of nineteen unselected obese subjects. Most of 

the cases with hypertrophied islets, moreover, were 

49 years of age or upwards and the present series 

after 47 years of age includes eleven examples cf 

normal tolerance, ten of subnormal tolerance (peak 

above 180 mg. per cent. and three of frankly 

diabetic character. The hypertrophy of the 

pancreatic islets obtaining in a considerable 

proportion of obese people, in the light cf such a 

declining sugar tolerance, may consequently be 

regarded as indicating transition W: the insular 

tissue in these individuals from a hyperactive to a 

hypoactive condition. According to the fore- 

going/ 
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going clinical and histological data, a proportion 

cf obese subjects (probably about one third) thus 

apparently pass from a preliminary phase ef increased 

pancreatic islet function and sugar.tolerance to 

a final condition of decreased pancreatiC islet 

function and sugar tolerance, while the remainder 

of the cases merely show normal and decreased phases 

of these phenomena. 

Such trends on the part of the pancreatic 

islets and sugar tolerance in the obese subject 

invite enquiry in respect of their causation. The 

observations cf Lunlop and Hurray Lyon (1931) as 

regards the dietary habits of 523 obese subjects 

are interesting in this connection. A few of their 

cases admitted to having grossly overeaten fer many 

years. A much commoner finding (45 per cent of 

their cases), however, was a wrongly balanced diet 

with a preponderance of starchy foods. Some had a 

high fat intake, but this was not nearly so 

characteristic. Excessive quantities of 

carbohydrate naturally act as a stimulus to the 

secretion of insulin and the same effect, in view 

of the evidence indicating the necessity of insulin 

in th metabolism of fat, might be brought about by 

an excess cf this material also. Accordingly, the 

trends of panereatic islet activity and sugar 

tolerance regarded as obtaining in this series of 

obese subjects might be acceptably reasoned out on 

a dietetic basis. Such an agomach, however, 

tails to explain the occurrence of a preliminary 

phase/ 
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phase of increased pancreatic islet function and 

sugar tolerance in only a proportion of the present 

cases. Moreover, the period of increased 

pancreatic islet activity in apparently maintained 

for only about five years and thereafter passes into 

a stage of ncra1 secretory function. In due time, 

the islets in all cases by reason of the sustained 

dietetic strain subside into a state of depressed 

activity and ultimately more or less exhaustion. 

The sugar tolerance of the obese subject is 

consequently normal for a time and later characteris- 

ed by increasingly deficient qualities. 

Much interest centres around the observed 

relation in the present investigation between 

carbohydrate metabolism and ovarian function. 

Physiological removal of the ovarian influence at 

the menopause is in most women a gradual process so 

that the tissues have time to adjust themselves to 

the altering metabolic conditions. Thus, no 

manifest upset in carbohydrate metabolism, as in the 

present series of cases, is usually to be found or 

expected during or after the climacteric. In 

contrast, cases 30, 34, 36, 40, 46 L..4.1d 34 with a 

history of deficient function, premature exhaustion 

or artificial destruction of the ovaries show an 

obvious disturbance of their ability to deal with 

sugar and the sane has been true of case 48 since 

the cessation of ovarian function at the menopause. 

The upset in sugar metabolism brought about by 

removal of the ovarian influence in all of these 

oases/ 
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eases consists in a much reduced sugar toleeance. 

Thether this effect, when brought about by ovarian 

dysfunction during the active menstrual life of the 

female, occurs only in the subsequently obese or 

also in the subsequently thin remains to be decided 

by future investigation. Albeit, the reduction of, 

tolerance in ease 48 was such as to cause her sugar 

metabolism, already depleted in association with 

long standing obesity, to assume manifestly diabetic 

qualities. Now, Raab (193C-1) has feund that 

normal women give much lower sugar tolerance curves 

after as compered with before the injection of 

follicular and luteal extracts. Again, cvariectomy 

in guinea pigs, according to Yeuki (1934) causes an 

increased glycosurie after the intravenous injection 

cf glucose. Finally, Gulick- et al (1934) conclude 

that in ovarlectomised rats the liver glycogen is 

constantly higher than in normal females and that 

a reduction in heuatic glycogen is effected by 

theelln. The findings in both man and animals 

thus point to the importance of the ovary in the 

regulation of carbohydrate metabolism. The sugar 

tolerance of the individual maq undoubtedly be, 

according to this investigatton,adversely affected 

by remcval of the ovarian stimulus Go that the ovary 

must be accredited with the function of enhancing 

the ability of the individual tc deal with sugar. 

Conclusions. 

Sugar tolerance tests carried, oat in 65 obese 

subjects/ 
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subjects varying in age:between 23 years and 65 

Iyears and in percentage overweight betreen 14 per 

cent. and 137 per cent indicate the following 

, 

1 conelueions :- 
I 

(1) sugar tclerance diminishes with increase 

in duration of the cbese condition ; 

1 (2) sugar tolerance is increased in about one 

third cf the catr,es with a history cf obesity for 

five years or less, whereas the remaining cases in 

this group have a normal sugar tolArgnce 

1 , ( 3) the declining Fugar tolerance cheracteristie 

of the obese state ultimately expresses itself 

1 in diabetes ; 

(4) sugar tolerance in. the obese subject is 

not related to the mmcunt cf overweight ; 

(5) the hypertrophy of the pancreatic islets 

'obtaining Irea proportion of obese subjects, 

considered in cen/unction with the trends of the 

sugar tolerance, is interpreted es Indicating 

¡transition of the insular tissue from a hyperactive 

to a hypoactive state ; 

(6) sugar tolerance declines leth advancing 

years ; and 

(7) sugar tolerance in the obese subject is 

controlled by the every inasmuch as loss of the 

¡ovarian influence may induce an appreciably reduced 

1 capacity to deal with sugar. 
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SZCTION IV. 

Ii2.12t2E2Pie and Pancreotropc 

Anterior Pituitary Extract in Rabbits. 

bellowing the production of temporary diabetes 

by Evans, Meyer, Simpson and Reichert (1932), 

Baumann and Marine (1932) and Houssay, Biasotti and 

Rietti (1932), Young (1937) induced permanent 

diabetes in adult dogs by an intensive course of 

crude anterior pituitary extract. This discovery 

was confirmed by Campbell and Best (1938) and Cohan 

and Lukens (1939). Richardson a Young (1938) and 

Richardson (1940) examined the pancreases of dogs so 

rendered temporarily or permanently diabetic and 

found that the beta cells of the islets ef Langerhans 

showed variable degrees cf degranulation, hydrops or 

hyalinisation. Lukens and rohan (1942) observed 

similar changes in the islet tissue of cats made 

diabetic by partial pancreatectomy and mbsequent 

treatment eitb pituitary extract. The production of 

such lesions experimentally is important inasmuch as 

corresponding phenomena have been described in human 

diabetic cases by Opie (1901), Cecil (1908), 

Weicheelbaum (1911) and Warren (19a1). The present 

investigation accordingly aimed at reproducing and 

evaluating the above mentioned changes, but in these 

objectives was frustrated by the choice of the rabbit 

as the experimental animal. The research, 

nevertheless/ 
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nevertheless, realised certain positive and 

interesting conclusions. 

iM1.E d 110 LS . 

Extract. This material was a crude saline 

product cf ox anterior pituitary glands prepared 

after the method of Young (1938 A) . The fresh 

whole glands were brought on ice to the laboratory 

and the anterior lobes were separated by careful 

dissection. The extract was made up so that 2 c.c. 

were equivalent to 1 g. gland. It was stored at a 

low temperature without freezing and used within 

five or at most six days cf preparation. The method 

of administration was by injection intraperitoneally 

in three Pnimals and subcutaneously in twenty five 

animals. The injections were given daily and 

consisted either in a constant fimount cf 1.5 g. gland 

per kg. body weight or in a quantity which was 

increased by 0.5 g. gland per kg. at intervals of 

five or six days from an initial i g. gl;'nd per kg. 

to a final 2.5 g. gland per kg. body weight. 

Aseptic precf :Yutions were observed curing both 

preparation and administration cf the extract. 

Animals. The 28 rabbits used in this 

investigation comprised 27 EnglisxÀ (Nos. 2 - 32 in 

Table 1) and 1 Dutch (No. 1 in Table 1) and included 

13 males and 15 females. Their weight v ied between 

1502 g. and 2352 g., the average being 1899 g. They 

were kept in metabolism cages and given a daily 

allowance/ 



allowance cf 10C g. of mixed bran, corn and maize, 

3Cc F. of cabbage end water ad lib. tally 

measurements included food ccnsumptlon, body weight, 

urine volume and, when present, urine sugar and urine 

ketones. The 10 control rabbits used to estimate 

the pancreatic islet tissue were also n;lish and 

consisted of 7 males and 3 females. They weighed 

between 1530 g. and 2380 g. and averaged 1947 g. so 

that they proportionately covered the range of 

weights of the 28 injected animals. 

Estimations. Urine su ar was estimated by 

Cole's method, urine ketones by the Van Slyke- zen.iges 

method and. blood sugar by the Hagelorn- Jensen method. 

Allowance was made in determining ketone excretion 

for the normal ketone content of rabbit urine. 

Sugar tolerance and insulin sensitivity. tests were 

performed after a fast cf 15 hours. Sugar tolerance 

was determined by two methods. The 0112,1e method 

consisted in one intravenous injection of 5 c.c. of 

a 20 per cent glucose solution and determination of 

ti- e blood sugar before and at 5 min. or 10 *min, 

intervals after injection for 50 min. The 

ponsecutive method recon7ended by Uimsworth (1934) 

comprised four intravenous injections of 5 c.c. of a 

2C per cent glucose solution at h^if -hour intervals 

and estimation of the hlcod sugar before the first 

injection and at intervals of 5 min. and 23 min. 

after each injection. 

tested/ 

Insulin sensitivity was 



4. 

tested after the manner of the single sugar tolerancei 

method with the difference that the glucose injection 

was replaced by 0.5 unit cf insulin. 

The - anc.reas of each animal was arbitrarily 

divided into head, body and tail, fixed in Holly- 

Zenker solution and embedded in paraffin. Sections 

were stained by (1) alcoholic eosin and haematoxylin 

and (2) heidenhaint s iron haematoxylin as reccr mended 

by Richardson (1940) . The first technique served 

routine histological purposes, while both methods 

specifically demonstrated the A- and B-cells cf the 

islet tissue. The wei .ht of islet tissue and the 

number of islets in each pancreas were calculated 

after the method described by Ogilvie (1937) . The 

frond' like character cf the rabbit pancreas: however, 

created difficulty in determining its weight. The 

pancreas and the sheet of mesentery in which it lay 

were, therefore, care Ully dissected out and weighed. 

The area cf the mesentery was measured by laying it 

upen graph paper and its weight was calculated from 

that of a known area of mesentery detached from the 

small intestine. The weight of the pancreas was then 

obtained by deducting; the weight of the mesentery 

from the combined weights of pancreas and mesentery. 

A section from head, body and tail cf each pancreas 

was used to determine the percentage area of islet 

tissue and the number of islets and averages cf these 

quantities were struck for the whole pancreas. An 

endeavour was thus made to take account of regional 

variations in the distribution and size . of the 

islets./ 

122. 
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Estimation cf the area of whole pancreas 

was rendered difficult by the fact that the fronds of 

the organ usually occupied only a fraction of each 

projected field. The fronds had, therefore, to be 

traced, cut cut and weighed so as to obtain an 

estimate cf their combined area. The rabbit 

pancreas thus involved the tracing of both whole 

tissue and islets compared with islets alone in the 

human organ. rho microscopical fields used for the 

estimations were selected according to the size cf 

the paraffin section. Each consecutive field was 

investigated in a small section, but in a larger 

piece cf tissue the examination was restricted to 

every second, third, fourth or fifth field. Finally, 

the conversion Of islet volume to islet weight by 

multiplication cf islet volume by 1.05, the density 

cf whole human pancreas, involved the assumption that 

the islet tissue of rabbit pancreas had the same 

density as human pancreas. This assumption 

naturally could not be proved, but the error, if any, 

was probably small and certainly constant throughout 

the investigation. 

RESULTS. 

(1) 91191mIria. This phenomenon was observed 

in 23 of the 28 injected rabbits ( Table 1 and 

Figs. 3, 5, 7-17, 19-28). It developed as early as 

the second day cf treatment in Rabbit 26, but was 

delayed until the ninth day in Rabbits 7 and 9 and 
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on the average manifested itself on the sixth day. 

After it appeared, the glycosuria rose to a peak and 

subsequently fell to zero and this type of response 

was observed both in animals which received a constant 

daily arncunt of extract and in those injected with 

extract which was increased at short intervals to an 

equivalent cf as much a 2.5 g. gland per kg. body 

weight. The ingravescent stage was rapid throughout 

in most animals, but in almost as many eases an 

initial slow phase preceded a rapid rise te the peak. 

The peak was characteristically followed by a rapid 

disappearance of sugar from the urine, while in the 

remaining cases the sugar subsided less rapidly or 

even slowly or repidly at first and later slowly. 

The peak ley between the sixth and twenty-second day 

of treatment in the ease of Rabbits 12 and 24 

respectively and on the average occurred. on the 

eleventh day. The height of the peek varied within 

wide limits. Thus, considering merely those animals 

which gave a ccmplete sugar curve Rabbit 25 excreted 

at mcst only 1.1 g. fluo'. per 24 hr., while iiabbit 31 

passed as much as 32.7 g. sugar per 24 hr. The 

animals which. received constant extract passed an 

average maximum of 11.2 g. sugar per 24 hr. against 

8.6 g. per 24 hr. as en average maximum for those 

injected with increasing extract and the average sugar 

excretion for the entire series was N.4 g. per 24 hr. 

Sugar was excreted over a period of between three days 

for Rabbit 29 and twenty-three days for Rabbit 24. 

The/ 
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The excretion cf sager by Rabbit 24, however, was 

relatively slight for mere than e fortnight and 

punctuated by occasional agar-free days. The 

longest period of continuous glycosuria was.fifteen 

days in the case cr Rebbit 5. The animals receiving 

constant extract excreted augar on the average for 

nine days against eleven days en the avereee for the 

animals injected with increaeing extract and the 

average duration cf sugar excretion for the series 

was 9.6 days. The everaee glycosuric curve thus 

began en the sixth day of treetment, reached a peak 

of 10.4 g. sugar per 24 hr. on the eleventh day and 

returned to zero on the sixteenth day. Eighteen 

rabbits which showed glycosuria also excreted ketones. 

The excretion of sugar anticipated the appearance of 

ketones by e period. of one to five days or an average 

cf three days in 7 animals, while in 9 animals sugar 

did not become positive until a period of one to three 

dRys Cr an average of two days after ketones and 2 

animals exhibited both sugar and ketones on the same 

day. 

(2) Ketorniria. This phenomenon 'vas observed 

in 2C of the 28 injected animals (Table 1, and 

Figs. 4, 6-8, 1C-17, 20-27). It developed between 

the third _day in Rabbits 8 and 13 and the eleventh 

day in fiebbit 29 and on the sixth day on the average. 

The excretion of ketones rose to a peak and thereafter 

fell to zero and such a rise and. fall occurred both 

in the animals receiving constant extract and in those 

injected/ 



injected Tith increasing extract. The increase in 

ketone excretion was uniformly rapid in most animals, 

but in sons it was slow initially and later rapid or 

proceeded throuThout at n nedium rate. Similarly 

the decline of ketone excretion was, as a rule, 

uniformly rapid, although sometimes rapid at first 

and later rere slow or occasionally throughout of 

medium pace. Ketone excretion reached its peak 

between the fifth day for Rabbit IB and the eleventh 

day for Rabbits 7, 29 and 31 and on the eilht day 

on the average for the animals in which complete 

ketonuric curves were cbtained. The height of the 

peak varied within wide limits. Thus, Rabbit 30 

excreted only 15 mg. ketones per 24 hr, at most, while 

at the peak of its curve, Rabbit 31 passed 1706 mg. 

ketones per 24 hr. The animals injected with consta 

extract passed an average maximum of 476 mga ketones 

per 24 hr. compared with 601 mg. ketones per 24 hr. 

for those receiving increasing eztract and the average 

peak for the series was 510 mg. per 24 hr. The period 

over which ketones were excreted also varied 

considerably. Thus, whereas it lasted for only one 

day in Rabbits 4 and 18, ketonuria continued. with or 

without occasional ketone-free days for eight days 

in Rabbits 10,11. 12 and 13. The animals injected 

with constant extract excreted ketones for an average 

of four drys aixAnst slightly more than five days for 

the animals receiving increasing extract and the 

average period of ketonuria for the series was 4.5 

days/ 



days. The average curve of ketone excretion thus 

began on the sixth day c.f treatment, attained a 

maximum of 510 mg. per 24 hr. by the eigth day and 

returned to normal slightly later than the tenth day 

of injection. Eighteen of the rabbits, as already 

mentioned, excreted both ketones and sugar. 

(3) Three rabbits which bad 

shown transitory phases of glycosurie and ketonaria 

were re-inlected after they had reEeined their 

streneh. Rabbit 14 (Fig. 14) received 32.2 g. 

gland in constant daily amounts of 1.5 g. gland per 

kg. body weiht between the sixth and sixteenth days 

and excreted sugar and ketones for nine days and two 

days respectively. xe-injection consisted in the 

edminist ation of 15.3 g. gland in daily quantities 

of the same magnitude between the thirty-seventh and 

forth-second days. Rabbit le (Fig.10 ) received 

41.7 g. gland between the tenth and twenty-fourth 

dhys and the daily amount in this case was increased 

at intervals of five days from. 1 g. per kg. to 2 g. 

per kg. Sugar and ketones were excreted for ten and 

eight days respectively. The animel was re-injected 

between the fifty-third and sixty- second days of the 

experiment and given 26.1 g. gland in daily amounts 

which were increased after five days from 1 g. per 

kg. to 1.5 g. per kg. Re-injection of Rabbits 14 

and 10 covered the period within which both had 

previously developed glycosurie and ketonuria, yet no 

sugar or ketones appeared in the urine of either of 

them/ 
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them PA a renult of the second course of treatment. 

SAbbit 12 was given 55.1 g. gland in Inc rs inc 

daily amounts between the tenth. and twenty-fifth 

deys of the experiment and showed transitory phases of 

plycoeuria and ketenliria. A necond course cf 

treatment was etarted en the ffty-eighth day, but 

the animal about a minute after the first injection 

died in a collapsed, dysrnoeic condition. 

(4) 7eagar Tolerance. (a) Single method. 

'Right rabbits were investigated from the i-oint of 

view of sugar tolerance by the single method above 

describ d. The test was carried cut in the normal 

animal -and aisc daring and after the diabetic phase 

in two rabbits, while in the remainder it was 

performed in the intact animal and either durinq or 

after the glycesuric period. The results are 

giver. in Table II and collectively illwtrated by 

Fig. 29. The carve of normal sugar tolerance -based 

on the average of eight rabbits rises swiftly frcm a 

fastii ?7. level of 131 MR. per cent to a peak of 

268 mg. rer cent in 5 minutes. Tbe blood sugar then 

fadi t s umiformly rapid rate to 2C2 mg. per cent 

at 20 minutes. The diffarence In the levels of the 

bleed sugar at 20 and 30 minutes is 33 mg. compared 

with 5C mg. for the previous 10 minutes sc that the 

rate of fall between 20 and 30 minutes shows a 

definite decrease. The blood TUR7r after 30 

minutes continues to fall st a uniformly moderate 

rate to resch 129 mg. at 50 minutes. ?lased on the 

avera,7e/ 

130. 
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average of seven rabbits, the curve of sugar 

tolerance parings, the diabetic phase begins at a 

fasting level cf 174 mg. per cent which is 4$ mg. 

per cent more then the average normal fasting level. 

Its peak of 30C mg. per cent at 5 minutes is also 

32 mg. per cent higher than that of the centrel curve, 

although a rise of only 126 rig. per cent compared 

with 137 mg. per cent for the normal curve suggests 

that some cf the original peaks have been missed. 

The curve cf the diabetic phase thereafter declines 

at a rate comparable with the normal to reach 250 mg. 

per cent at 2G minutes. The fall in blood sugar 

between 2C and 30 minutes is only 17 mg. per cent 

comi:ared with 35 mg. per cent for the previous 10 

minutes and 33 mg. per cent daring the same period 

of the normal curve. The bleed sugar between 20 

and 3C minutes, therefore, falls net only at an 

abnormally reduced rate conpared vith its previous 

speed, but also at about half the rate of the normal 

curve. The fall in blood gager between 30 and 50 

minutes is only 8 mg. per cent against a normal 

decline of 4C mg. per cent a/eel comeared with the norm 

the blooe sugar at 50 minutes is higher by 10C mg. 

per cent. The rate cf absorption during this final 

perlcd consequertly shows e marked progressive 

diminution and is, indeed, reuced to one-eighth of 

the ncrmal. Thus, the sugar tolerance auevef the 

diabetic phase Is during the first 20 minutes cf the 

test similar to that of normal tolerance at a higher 

level, while it falls at only half the normal rate 

b etwe en/ 
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TABLE II 
SUGAR TOLERANCE - SINGLE MEMO r. 

abbit Stage 

24 

Fasting 

Control 
Diabetes 
Recovery 

126 
140 

Control 
25 Liabetes 

Recovery 
, 

Control 
26 Li abet es 

Recovery 

Control 
28 Liabetes 

Recovery 

-A, 

29 

Control 
Diabetes 
Recovery 

Control 
30 Llabetes 

Recovery 

Control 
,31 Liabetes 

Recovery 

103 
140 

133 
209 

158 
222 

1.33 

121 

114 
168 

OM. 

160 
203 
130 

BLOC D SUGAR in rag. per cent 

5nin. 10 mia. 15min. 

298 286 270 
311 286 280*g 

235 

228 

282 

2Ontl.n 25min 30min 40min 50 m 

156 t 
260 41' 

250 235* 
276 264 

20'7 

20'7 201 let 

241 212 
304 296 311 

158 138" 
185 178 

190 
284 

ONO a 

169 
270 

214 183t 
260 260 

126 114 
178 183 

-8 

158 
270 

bit 
183 

SO" 

138 124 
270 256 tt 

230 224 203 194 163 151 
272 262 245 243 239 1 239 

1 a - - a - - 

212 
MN. 

215 

194 
e 

201 174 

176 162 145 140 

153 140* 

249 231 
311 294 

00 

212 187 
276 262 

119* 1091* 

171 140 119 107 
254 242 235 230 

virc. 
295 270 252 226 218 
338 306 278 1 258 239 
296 1 252 212 I 184 t ' lee` 

Control 117 ' 260 2nr, 
32 Diabetes 135 282 26C 

Recovery 96 
L 

192* 176 
______ -- ----1-6;Arol. 

ences riabetes 174 
Recovery 116 

/Irc -', 1 minute 
t + 2 minutes 

268 
300 
239 

248 
279 
214 

219 187 176 
251 226 211 

3.58 133 f 124 

223 202 186 
265 250 237 
190 1164 146 

*VP 4° 3 minutes 

5 ninutes 

OP 

194 158 128 
235 230 225 

..o 
148 119' 99 

160 142 
203 194 

121 105 

169 1145 
1 

233 '230 
136 114 

128 
185 
96 

129 
225 
101 
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TABLE III 

SUGAR TOLERANCE - CONSECUTIVE THOL 

bb it Stage 

BLOCt SUGAR 

35min Fasting 5min 28min 

Control 

Iiabetes 

Recovery 

110 

98 

274 

AMP 

218 

163 

154. 

270 

231 

Control 

9 

tiabetes 

.1Re 

covery 110 214 147 239 

Control 131 263 205 224 1 

lo iiabetes 191 289 236 330 

Recovery 122 262 192 278 

Control 129 282 212 345 

11 Ltabetes 171 306 252 395 

iRecovery 119 268 183 315 

iControl 
1 

105 499 282 556 

12 litabetes Alb 411. re. 

Recovery 101 463 245 494 

Control 
erama 

123 275 193 280 

7,9 L'abetes 181 29P 244 363 
3:11 

Recovery 12]. 265 188 297 

in mg. per cent 

133. 

58min 65min 88min 95min 118sin 

151 264 133 254 160 

156 313 169 349 17C 

411 

156 

40. 

284 163 163 

131 

255 

171 

189 169 

340 31 
239 144. 

224 351 

311 452 

199 319 

230 

306 , 

203 
. _ 

385 366 520 

286 509 

1C9 268 

283 396 

185 279 

247 

177 

309 

174 

MO 411IP 

266 174 

261 172 

408 316 

258 140 

363 224 

513 345 

306 172 

454 345 

539 296 

273 185 

461 331 

282 156 

E Performed one day after last day cf glycosurie. 

t Performed two days after last day of glycosurie. 

This anima received fonr half-hourly injections of 
5 c.c. of a 100 per cent glucose solution instead 
of 5 c.c. of a 20 per cent glucose solution as in 
Rabbits 7, 9, 10 and 11. 

it Average of 10 and 11 only. 
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between 20 and 30 minutes and between .60 and 50 

minutes at only one-eiath cf the nermal. The result 

is that at the end of the test the blood rugar remains 

higher than the control level by as much as 100 mg. 

per cent. Based on the averao (4' three rabbits, 

the curve cf sugar tolerance after the diabetic phase 

is similar to that of rcrril tolrance except that it 

is: placed at a lower level. Its lower level is 

probably explained by the fact that the animals have 

become accustomed to manipulative measures such as 

would tend to stimulate the 7,y.mpathetic nervous systeM 

and produce hyperglycaemia during the earlier tests. 

Sugar tolerance after the diabetic rhase may, 

therefore, be reardeC as again cf normal order. 

(b) Consecutive method. The sugar tolerance cf 

five rabbits was investigated by this method. i_i:ach 

animal was tested in the control stage and also during 

and/or after the diabetic phase. The results are 

set forth in Table III and illustrated by iig. 30. 

The curve of normal sugar tolerance is based on the 

average of figures obtained from Rabbits 7, 10 and 11 

and takes the form of An alternately rising and falliie 

line, the trend of which is on the average slightly 

downward. Two of the three component graphs show 

more clearly this falling character, but the third 

definitely rises and so masks the effect of the others. 

The Interpretation of the qw,17,1471 falling graph is 

that each of the last three amounts of glucose 

injoeted intravenously has been removed from the 

circulation/. 



circulation in a slightly mcre adequate manner than 

its predecessor. This effect which is known as the 

Staub-Traugott phenomenon was first described by 

Haman and Hirschman (1919) and is regarded by 

Himsworth (1934) as one cf the most delicate 

reactions in carbohydrate metabolism. The curve of 

tolerance during the diabetic phase is based on the 

average of Rabbits 10 and 11 and has on the average 

a distinctly upward direction. The explanation of 

such a curve is found principally in the fact that 

the blood sager after each injection fails to fall to 

the same degree as it does in the course of the normal 

tolerance test. Thus, whereas in the normal 

tolerance curve the bleed sugar after the first three 

injections falls e2: 111 and 91 mg. per cent 

respectively, reductions of 54, 80 and 87 mge per 

cent respectively occur in the curve of sugar 

tolerance during the diabetic phase. The reverse 

degree cf fall after the fourth injection is 

undoubtedly due to experimental error. A curve cf 

such rising character, indeed, is in keeping with 

the results of the single method, since this method 

reveeleä that the blood sugar between 2C and 30 

minutes feil at only half the control rate an must, 

therefore, be abnormelly elevated at 28 minutes when 

a second Intravenous injection of glueose is given in 

the consecutive method. The consecutive method thus 

yields a graph Which is merely s. reduplicated version 

of/ 
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of that obtained by the single method and which 

similarly indicates that the diabetic phase is 

taccompnied by a definitely lowered sugar tolerance. 

Sugar tolerance was estimated, in Rabbits 7 and 9 

one and two days respectively after the cessation of 

glycosurie nnd also thereafter in Rabbits 10 and 11 

at intervals cf twenty-two and twenty-three days 

respectively. The graph yielded by Rabbit '7 is 

definitely risina in character, while that cf Rabbit 

9 shows a moderate rise. Beth graphs indicate that 

the sugar 'tolerance of these animals is still 

abnormally low. The graph constructed from the 

average of Rabbits 10 and 11, on the other hand, 

graeticelly duplicates that of normel tolerance and, 

like it, sbars on the average that slightly downward 

trend indicative cf an increasing adequacy to deal 

with sugar. These findings justify the conclusion 

that sower tolerance remains depressed for a short 

time even after the cessation of glycosuria, but that 

at about three wk s thereafter tolerance for sugar 
has returned to within definitely normal limits. 

Finally, the magar tolerance cf Rabbit 12 was 

investigeted by meens of n 10C per cent glucose 

solution inTtead of the usual 5 per cent solution. 

Allowing for experimental errors in the control 

experiment the graph gauging sugar tolerance 24 days 

after the diabetic phase was again siMiler to that of 

normal tolerance. 

(5) insulin SenFitlx1t7. Six rabbits were 

instigated/ 

136. 
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investigated from the point of view of insulin 

sensitivity by the method defined above. Hach was 

tested in the control state and baring the diabetic 

phase, while three were also assessed after the 

glyooeuric period. The results are set out in 

Table IV and collectively illustrs4 ed by Fig. 31. 

The curve of normal insulin sensitivity based on the 

Average of the six animals begins :At a fasting level 

of 132 !gig. per cent and falls, after a ;:rte} or t initial 

dell , rapidly and uniformly tc 83 mg. per cent at 

26 minutss. The blood : agar subsequently declines 

progressively sively rmore slowly and reaches 74 mg. per 

cent by 30 minutes. The curve then rises slowly 

:ßnú steadily to 80 mg. at 50 minutes. The blood. 

sugar fills an absolute average of 58 mg. per cent 

(44 per cent) in 30 minutes, while the extremes are 

41 rng. per cent in labbit 22 and 87 mg. per cent for 

Rabbit 18. Bas=ed cn the aTrerase of the six snimals 

the curve cf insulin .sensitivity curing, the diabetic 

phase starts at a fasting level of 172 mg. psr cent 

which is 40+ mg. per cent higher th. -.n the average 

control blood sagas. It shows no response for almost 

10 :.mutes s'id then falls slowly to 154 mg. per cent 

after 25 minutes. The ousve remai ns about the same 

level for 10 minutes and then rises at a slow steady 

rate to 164 mg. per cent at the end of 50 minutes. 

The average absolute fall is 1 rn . 
,,er cent ( 10 per 

Bent) in 25 minutes, the extremes being an actual 

rise of 25 mg. per cent in Rabbit 13 and a fall of 

47 mg./ 
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15 a 
TABLE Iv 

INSULIN SENSITIVITY 

138. 

BLOOD SUG';R in mg, per cent 

Fasting 5min 10rnin 15:nin 20min 25min 3omin 40min 5 Omin 

Control 115 100 80 74 64 - 69 1` 78 t 78 'ú 
13 Diabetes 1 131 142-* 1451- 149 * 156 .4ig° - 151 $ 149*So 1 47 

2 117 112% 126* 112 117 * 117 117 109 - 
Recovery - - - _ - - 

control 145 145' 135 122 103 89 74 65 73 
Diabetes 165 168 1* 156 158 158 154 161 1591- 1 56 

Recovery 87 82t 82 67 ' 53 51 46 40 37 

I Control 151 14e 128 
15 

i 
Diabetes i 183 183* 183 183 

i 2 187 1781- 174 176 

1 Recovery - - -- - 

101 lit 96 

Control 133 136 1101 101 

é 
Diabetes 245 2371* 230 233 226 

Recovery - - - - - 

98 101 109 115 

171 165 172 194 194 
183 185 190 1" 183 18 9 

85 

224 212 212 212 
e 

___ __ - 
, 

I Control 127 119 103it 94 81 69 63 69 75 

21 I Diabetes abetes 154 149 156 122 121 115 110 115 11 9 

jRecover 112 100 103 96 83 74 67 56 51 

Control 119 115* 109 98 * 83 t 80 78 89 92 
it.Itc % 

Diabetes 1 160 165* 160 151 142 136 135 133 138 

22 2 163 180* 171 163W 160 142 14é3 133 14 9 

3 162 162* 156 147 145 ' 140 147 160 17 8 

Recovery 138 105t 100 94* 74* 69 62 71 78 

Control 132 127 112 98 85 81 74 76 80 

Diabetes 172 172 167 ; 163 161 154 157 158 164 

I 
Recovery 112 99 95 86 70 65 58 56 55 

w,..1m . 

ragea 

*+ 1 minute 
i- 

4. 2 minutes 

+ 3 minutes - + 4 minutes. 
Sugar excretion during day of test = (1) 5.3 g. ; 

(2) 15.8 g. ; and (3) 4.1 g. 
111 
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47 me, ,er cent in rabbit 22. Rabbit 22 is farther 

instructive in that its bZccd sugar falls 22, 27 and 

47 re. ?,c>r rent relative to a segar exc.rcticn of 

'41.1 g., 5.3 g. and 15.£3 g. per 24 hr. The 

significance cf these re.acticns will be considered 

later, but the ccncl usi cr< can now be made that. since 

the r e:rc ent:a.pe fall in r. esricnse tc insulin ric:rea.11y 

an.d darixje ; the diabetic phase is r./ per cent and 10 

per cent respectively, insulin IF at îeaot four times 

len . efficient in louering the bl.ccrl atxgar In the 

däabetir, as cors: ered with the intact anir.;a.l. Tho 

curve cf ineulin sensitivity after the diabetic phase 

is based en the average c!ß Rabbits 14, 2.3. and 22 

which were tested 18, 5 end 4 days respectively after 

tke ccaseati.on of gl.ycc:suri.a and 1P, 5 and 3 days 

reäl,?etJS.vely after the last injection. It begins at 

a festina blood sugar of 112 mg. per cent Rhc; falls 

unlforr.ly end fairly rel?i.c, y to 58 mg. per cent in 

half an hour. It declines thereafter in a scarcely 

perce;;,t-.ibl.e manner until ,.t reaches 55 rig. por cent at 

thP end of the test. This curve differs from that 

of normal i.nau li.n sensitivity in that it is pïa.cea 

at a s3.1ghTly lower l.evel and fails tc show am- 

toeminai recovery, but resemableo it both in general 

form and in its S'a13.. of 5'7 ma. per cent t É a7_ per cent) 

whi cls f_e r;îcse to the normal response of 58 mg. per 

cent ( 44 rer cent s. The lower level c:P the curve is 

probe.kaly due to the fact that the animals have beccme 

accustomed to r3.anipu].a;ive 14ea.sures, while the curve 

oí'! 
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of one of them shows a definite terminal recovery. 

IS aulin tolerance after the diabtic; phase can, there- 

fore, be regarded as having x'etu:zr3ec to within norr.<:a3. 

range. 

( 6) Veine VGlume, Excluding two which 

developed diarrhoea, twenty-one cf the twenty-eight 

rebbits reacted t:t" the initial in.;j ects. i,ns of extract 

by e1;creting less urine. The degree cf clt.gni.ria 

varied. Thus, three rabbits continued to :ease more 

1 thidn 1040 G. C. urine per 24 hr., while ge.ve7? excreted 

between 40 and 65 c. c:., eight between 20 and 40 e. c. 

and thre:. 1?ss than 30 c.c. eer 24 hr. Two of the 

last grou;:; cf three le^re the most extreme examples 

in that each eassed no urine for a e^riod of 24 hr. 

The initial fall in urine volume was followed by a 

variety of reactions. Three animale continued to 

excrete, a progresaivel y less amount of urina, while 

tre output of another three remained on the average at 

the level to Itzic:n it had fallen. F14'teesz rabbits 

r,r ece dtheir rira volume. The improvement 

ttsuil;7 b>szan 3..rme^iawely after the initial fail, but 
vas eozr.atiatmes delF--,,qed for G period. cf days. In 

spite cf it, three animals continued to excrete a 

subnormal amount of urine. Three, however, returned 

tc nc>r,r.el excretion lovely by t1: a, end of treatment 

and at thi e 1.cisat nine rabbits even r,a.e-c:er3. mere 

copious urine than they ever did under cc:za.ta.'cl. 

Three of the remainder showed no :.igni fic:ant: change 

in urinary cutput .tar?rAg treatment, while tre 

excretion/ 
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excretion of another was normal at first and later 

excesive. Finally, several animals Which renained 

oligurie during extract treatment immediately became 

polyurie on the cessation cf injections. Polyuria, 

however, was in ne case marked. 

(7) Food Consumption. Nineteen of the twenty 

eitht rabbits isre investigated from the point of 

view cf food consurption. Only one continued 

during treatment to eat the same amount of food as it 

did while being controlled. On the other hand, 

seventeen reacted immediately to extract therapy by 

eating less cabbage or bran or both. Two rabbits 

continued to have a constantly or increasingly poor 

appetite during the rest of their treatment. The 

remaining sixteen animals, however, after a variable 

period cf days showed an improvement cf appetite 

usually first in the direction of cabbage and then 

brnn. Six rabbits despite such Improvement still 

ate a subnormal diet by the end of treatment. Five 

recovered their usual appetite and five even entered 

on a phase of excessive food consumption. A normal 

or excessive appetite was sometimes ac'luired as early 

as the middle of treatment, but was in other cases 

delayed until just after the cessation of injections. 

(8) Islet Tissue. (a) Histological Examination 

A comparison of the pancreases of the injected rabbits 

with those of normal animals revealed two changes 

referable te the islet tissue. First, the average 

size cf the islets in a proportion of the injected 

animals/ 
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=animals was distinctly greater than the average of 

the largest islets in the control series and the 

deduction, therefore, was drawn that the average 

size of the islets in the entire injected series was 

probably greater than the average of the islets in 

the whole control group. The enlarged islets were 

structurally normal and consisted of the usual 

proportion of A- and B- cells. They thus showed no 

degranulation, hydrops or hyalinisation, the production 

of which formed cJ one of the alms of the research. 

They were also devoid of mitotic figures despite the 

fact that their enlarged condition was obviously the 

result of division and increase of their component 

cells. Seccindly, the islets so far as could be 

gauged by mere visual examination of sections were 

normal in number thrcurthcut the entire injected 

series with the exception cf Rabbit 2. An 

observation supporting the normality of the islets 

as regards number was the fact that the small ducts 

in the pancreases of all the injected animals except 

Rabbit 2 were normal in number and distribution and 

in the character of their lining epithelium. 

Rabbit 2 differed from all the others of the 

injected group in that the pancreas showed the 

following changes. Whereas they occur singly or 

in pairs normally, the small pancreatic ducts in 

Rabbit 2 were found in conspicuous groups, frequently 

cf about half -a -dozen (Figs. 32 and 33) . The exact 

number of ducts in any group, however, was difficult 

to/ 
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to' determine since the new channels usually twisted 

among the acini of the surrounding pancreatic tissue 

and were sectioned in various planes. Nevertheless, 

the occurrence of the channels in such groups was 

absolute evidence cf a focal formation cf entirely 

new ducts. The new channels were cecasionally 

placed in imrediate relation to and had obviously 

budded from a larger interlobular duct. Mc such 

relationship, however, was usually observed and the 

origin of the new ducts, therefore, was attributed 

to s local proliferation cf the original small intre, 

lobular channels. The cells lining the proliferated 

ducts were often finely vacuolated or 'lmost filled 

by a single large globule cf fluid. They were 

consequently swollen into large cubical or even 

columnar structures, while the flattening of their 

nucleus against the cell base had often led to the 

formation of signet ring forms. The lumen cf the 

ducts was elm) correspondingly reduced in size, but 

sometimes still contained acido hile seceetien. 

Isolated ducts throughout the pancreas showed varying 

degrees of the same hydropic vacuclation and swelling 

cf their epithelium. A frequent feature in relation 

to the swcllen ducts, whether isolated or in groups, 

was the presence of masses of islet tissue (Figs. 34 - 

39). These masses ranged in size between small 

collections of about six cells and islets which were 

almost as large as any in the tissue. They also 

varied/ 
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varied in number. Thus, isolated ducts and sone 

groups of ducts showed only one related islet, while 

the islets mmbered from six to nine in other groups 

of ducts. The islets usually lay in juxtaposition 

to the ducts, but ducts were occasionally observed 

to be completely surrounded by islet tissue and 

direct continuity, moreover, wne sometimes observed 

between the cells lining the ducts and those of the 

islets. The islet tissue in specially stained 

sections consisted of the usual proportion of and 

13- cells (Figs. 40 - 41). The excese of islets in 

relation to the proliferated ducts clearly indicated 

a formation of new islets, yet no mitotic figures 

were found in the epithelium cf either ducts or 

islets. Microscopical examination of the pancreases 

of the injected rabbits and a comparison with control 

material thus indicated that the islets of the 

injected series were on the average enlarged, but not 

increased. numerically, except in Rabbit 2 which 

showed a proliferation of its ducts and a 

differentiation therefrom of entirely new islets. 

These histologicel conclusions necessitated more 

accurate assessment and led to the following 

quantitative investigation. 

(b) auntltAtalfTtimation. Results 

relative to weigtof pancreas, weight of islet tissue, 

average weight of islets and number cf islets for the 

twenty-eight injected rabbits and for ten control 

animals/ 
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animals re #ven in Tables V and VI respectively. 

The following toints are notewortIly regarding the 

series of injected rabbits. The pancreas weighed 

from 1.0 g. in Rabbit 32 tc 6.2 g. In Rabbit 1C 

and averaged 3.47 g. The Islet tissue varied 

between 0.02 g. in Rabbit 32 and 0.32 g. in Rabbit 25 

and as 0.09 g. on the average. The average weight 

of the islets as regards uprer and lover limits was 

C.217 in Rabbits 5 and 6 and 1.123 in Rabbit 26 

resaectively and had a mean value of 0.451 

Finally, the islets were as few as 44$CCO in Rabbit 

32 and as numerous as 442,C00 in Rabbit 25, while 

the average number for the series was 202,000. The 

control series, on the other hand, yielded the 

following figures. The pandreas weighed from 1.95 g. 

in Rabbit 9 to 4.65 g. in Rabbit 4 and3.02 g. on the 

average. The islet tissue varied between 0.03 g. 

in Rabbits 6 and 9 and 0.09 g. in Rabbit 8 and 

averaged 0.05 g. The average weight of the islets 

was at least 0.128-z; in Rabbit 2 and at most 

in Rabbit 8 and had. a mean value of 0,230 -6 

Finally, the islets numbered from 133,0CC in Rabbit 9 

to 402,000 in Rabbit 3, while their average number 

for the saries was 240,0CC. The considerable 

variation in the weight. of the pancreas of both 

injected and control rabbits suggeats that the lowest 

and highest. weights probably involve equivalent 

experimental errors as is to be expected from the 

difficulties/ 
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i 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

20 

21 

22 

24 

25 

26 

28 

29 

30 

31 

32 

_Average 

°' Stallaa rd Error 
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TABLE Y. 

ISLET TIME 0P INJECTE RABBITS 

Weight of 
Pancreas 

2.71 g. 

2.34 g. 

5.69 g. 

Weight of 
Islet Tissue 

0.04 g. 
0.08 g. 
0.06 g. 

Average 
weigbt of 
Isleta 

0.274 .6 

0.340 1 

0.568 

Number of 
Islets 

146,000 

235, 000 

108, 000 

2.76 g. 0.07 g. 0. 253 í 277,000 

2.93 g. 0.06 g. 0.217 277,000 

3.12 g. 0.05 g. 0.217 'V 230, 000 

3.06 g. 0.04 g. 0.340 V 118,000 

3.70 g. 0.07 g 0.445 sii( 152,000 

2.96 g. 0.08 g. 0,474 159,000 

6.20 g. 0.15 6 0.504 `K 305,000 

3.45 g. 0.05 g. o. a? 151,000 

3.71 g. 0.0? g. 0.668 119,000 

1.86 g. 0.03 g- 0.365 79,000 

2.48 g. 0.06 g. 0.236 257,000 

4.09 4. 0.17 g. 0.445`v 376,000 

3.18 g. 0.05 g. 0.365` 142,000 

3.33 g. 0.13 A- 0.713 175,000 

1.74 g. 0.04 K 0.274 % 131,000 

2.20 g. 0.05 g. 0.295 169,000 

4.90 g. 0.17 g. 0.474 347,000 

2.42 g. 0.05 g. 0.390 123,000 

6.08 g. 0.32 g. 0.71.3 s6 442, 000 

5.89 g. 0.29 g. 1.123 261,000 

3.76 g. 0.15 g. 0.880 173,000 

4.95 g. 0.09 g. 0.274 '6 334,000 

3.03 g. 0.07 g. 0.675 t 104,000 

3.70 g. 0.10 g. 0.474 `6 212,000 

1.00 g. 0.02 g. 0.445 1 44,000 

3.47 g. 0.09 g. 0.451 -b-- 202,000 

= 0.25 0.014 + 0.040 ir 18,000 
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TABLE VI 

ISLET TISSUE OF CONTROL RABBITS 

Weight of 

Pancreas 

3.10 g. 

2.43 g. 

4.07 g. 

4.65 g. 

3.57 g. 

2.40 g. 

2.80 g. 

3.00 g. 

1.95 g. 

2.19 g. 

3.02 g. 

t0.17 

Weight of 

Islet Tissue 

0.06 g. 

0.04 g. 

0.06 g. 

0.06 g. 

0.05 g. 

0.03 g. 

0.06 g. 

0.09 g. 

0.03 g. 

0.04 g. 

147. 

Average 
weight of 
Islets 

Number of 
Islets 

0.365 "K 172, 000 

0.128 334,000 

0.154 '%s 402,000 

0.217 V 276,000 

0.184 268, 000 

0.168 186,000 

G.274 225,000 

0.3901 

0.200 

0.217-6 

234, 000 

133, 000 

176,000 

0.05 g. 0.230 lg 240,000 

0.004 ± 0.017 -4 t 16,000 
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difficulties of the technique. Such a statement 

also apelies to the other data, bet the averag(e of 

both series, nevertheless, are reearded as fairly 

accurate estimates. 

The average weights of the pancreases of the 

injected and control rabbits were sufficiently 

similar to indicate no Tabstantial change in the 

weight of the organ in the experimental animals. Cn 

the other hand, the Injected series had an average 

of 0.09 6. of islet tissue compared with C.05 g. for 

the control animals. The injeeted rabbits thus had 

on the average approximately twice as much islet 

tissue as the control group. Again, the average 

weight of the islets in the injected group was 0.451 

and 0.230 the control seriee. The islets 

of the injected animals as in the previous instance 

were thus on the average approximately twice as much 

in weight as those cf the control rabbits (Figs. 42 

and 43). The injected rabbit finally, had an 

average of 202,GOO compared with 24C,00C, in the 

control seriee. Considering the ride control 

variation, these figures indicated that the number 

of Islets in the injected group was within normal 

range. The data thus justified the conclusions 

that the injected animals had approximately twice 

their normal weight of islet tineue and that this 

increase was due te an enlargement of the islets to 

approximately twice their original weight, while the 

islets/ 
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inlets remained constant in number. Such 

quantitative conclu3Ions confirmed the assessment of 

the islet tissue made on microscopical examination. 

The latter, however, was additionally valuable in 

that it showed how the increase nf islet tissue in 

rabbit 2 involved not only hypertrophy of the islets, 

bat also an increase in their number. 

LISCUSSI N. 

The 28 rabbits which formed the basis of this 

investigation reacted in one or other of four ways 

to crude extract treatment and are consequently 

divisible Late four groups. A first croup cf 18 

rabbits was charaetevised by both glycosurie and 

ketonarie ; a second group of 5 rabbits ahowed 

glycosurie, but no laetonuria ; a 'tlaird group of 2 

rabbits manifeste d Iteelf in ketonuria, but ne 

glycosurie; and a fourth croup cf 3 rabbite exhibited 

neither glycoauria nor ketanuria. A total of 23 

rabbits or 82 per cent of the seri s thus excreted 

sugar. The production of pituitary diabetes in 

rabbits has been attempted on a few previous occasions. 

Baumann and Marine (1932) uelna a crude saline 

extract produced glycosurie in each of 4 rabbitc. 

nousaay, Biasotti and Rietti (1934) administered an 

alkaline extract to two rabbits without any effect 

in the way of suai excretion. Finally, Young (1938) 

giving a crude extract by both aubeutaneous and 

intraperitoneall 
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intraperitoneal routes observed glycoeuria in about 

75 per cent of nearly ICC rabbits. The results of 

this and previous investigations thus indicate that 

in showing glycosuria as a responae to extract 

treatment rabbits react positively in a proportion 

of cases only. Such a conclusion regarding rabbits 

may be compared with the reaction of other species. 

For example, Houasay, Slasotti and Rf7ett4 (1934) 

produced glycosuria fn an of 22 dogs, while in 25 
dogs Young (low A) recorded only one failure. Using 

cats, Houcsay et ai (1934) observed glyconuria in 

both of two cases and Young (1938 L) in four of 

eight animals. Yousaay et al (1934) effected the 

excretion of sugar in aaeh of 4 guinea-pigs, but no 

glycosuria appeared in any of the guineaapigs 

treated. by Young (1938 A). Houssay et al 

(1934) failed to observe glycosuria in groups of 10 

rats and 5 nice and in both of these species Ycung 

(1938 A) obtainec1 . closely nimilar rerults. Such 

reports and the findings with rearard to rabbits in 

this investigation indicate that the abeve-mentioned 

species, according tc their susceptibility to 

diabetogenic anterior pituitary eytract, may be 

divided into three groups - (1) dogs which are hiPtly 

susceptible; (2) cats, rabbits and guinea-piEs 7hich 

react in a percentaae cf cases ; anC (3) rats and 

mice rhich are practically insenaltive. 

Young (1?3S A), sa already stated, produced 

glycosuria/ 
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glycosuria in about 75 per cent cf nearly 10G rabbits, 

but in enly 5C per cent to the extent of more than 

2 g. sugar per day and also observed an equivalent 

response on the part of the component Latch, 

Himalayan, Belgian hare and sandy lop-eared strains. 

85 per cent cf the English rabbits in this research 

showed. glycosuria and 74 per cent excreted more than 

2 g. sugar per day. The English strain would thus 

appear to be definitely more reactive than several 

other strains of rabbit. The present rabbits, 

moreover, showed marked individual variation in their 

diabetic response. This response thus varied in 

onset between the second and ninth day of treatment 

and from three to twenty-three days in duration, while 

its peak occurred from the sixth to the twenty-second 

day of treatment and amounted to between 1.1 g. and 

32.7 g. sugar per 24 hr. The conclusion already 

reached regarding variation in susceptibility of 

different species may consequently be broadened to 

apply also to strains and individual animals of the 

same strain. 

The highest amounts of sugar excreted were 

22.6 g., 27.5 g., and 32.7 g. per 24 hr. Baumann and 

Marine ( 1932) observed a maximum glycosuria of 

34.9 g. per 24 hr., but Young (193A A) recorded a 

peak sugar excretion of only 13.4 g. per 24 hr. The 

highest excretion of sugar in the present series was 

thus/ 
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thus comparable with that observed by Baumann and 

Marine. No matter its severity or its duration, 

however, the glycosuria inevitably disappeared and 

this proved to be the case under treatment with a 

daily amount cf extract which was both maintained 

constant and considerably.increased at intervals of 

a few days. The only differences were that the 

animals receiving ccnstant extract excreted sugar on 

the average fcr nine days and showed an average 

maximum glycosuria of 11.2 g. per 24 hr. compared 

with corresponding averages of eleven days and 8.6 g. 

per 24 hr. for the animals injector with increasing 

extract. Moreover, re-injection after the diabetic 

phase failed both in rabbits which had received 

constant and increasing extract to effect any further 

excretion of migar. Baumann and Marine (1932) 

treated their 4 rabbits with constant extract and 

likewise produced in each case a glycosuria lasting 

at most 14 days. Young (1937, 1938 A) administering 

constant extract to dogs cbserved a transitory 

glycosurie. By increasing the extract, however, he 

caused the glyconuria to reappear only to disappear 

again after a few days. He ras then able by 

increasing the extract at interva1 s. to prevent 

subsidence of the glycosurie and ultimately to 

establish a marked glycosurie which persisted even 

after the withdrawal of extract. The rabbit thus 

differs materially from the deg in that both constant 

and/ 
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and increasing extract is capable of rendering the 

rabbit permanently resistant to its diabetogenic 

influence. The development of such resistance night 

be explained in two ways. On the one hand, Collip 

and Anderson (1934, 1935) and Anderson and Collip 

(1930 have shown that animals treated with 

thyrotropic hormone develop in their serum a substance 

which neutralises the action of the hormone and the 

transitory nature of the glycosuria in the present 

rabbits might conceivably have been due to the 

development of an antihornone to the diab etcgenic 

factor. The antithyrotropic hormone, however, takes 

on the average twenty -one days to levelop and annul 

the action of the hormone, whereas the average 

duration of the glycosuria in this investigation was 

only eleven days. The definitely shorter duration 

of the glycosuria indicated the participation of a 

factor other than an a.ntihormone, although that such 

an antihormone played at least some part cannot be 

completely discountenanced. On the other hand, 

Richardson and Young (1938) observed unusual mitotic 

activity in the islets of a dog which had become 

refractory to a crude diabetogenic extract and Rabbit 

2 of this series showed a local proliferation of the 

small ducts in its pancreas and a lifferentiation 

therefrom of entirely new islets. These observations 

suggested that the transitoriness of the glycosuria 

in the English rabbit might find its explanation in an 

increase/ 
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increase of islet tissue and consequently an 

enhanced source of insulin. This deduction was 

proved to be the case by n quantitative method which, 

although open to criticism in many ways, is neverthe- 

less more reliable than any other known technique. 

The in3ecteö rabbits transpired to have a weight of 

islet tissue approximately twice that cf the control 

series. This increase in the weight cf islet 

tissue; moreover, was found to be due to an 

enlargement of the islets to approximately twice 

their original weight, while the islets remained 

constant in number. Rabbit 2 was an exception to 

this conclusion in that, as already stated, it showed 

evidence microscopically of a formation of new 

islets, but it was unique in this respect and must 

consequently be regarded as fortuitous. No evidence 

of mitotic division was found in the hypertrophied 

islets of any of the injected rabbits despite the 

fact that the islets must in many cases have been 

undergoing further enlargement at the time of the 

animal's death. The same statement is even 

applicable to Rabbit 2 in which active hyperplasia 

of ducts and islets was undoubtedly in progress when 

the animal died of acute pneumonia. Such a 

negative observation is in contrast with the 

frequency with which mitotic division was observed 

by Richardson and Young (1938), Richardson (1940) 

and Beet, Campbell, Heist and Ham (1942) in the 

islets of diabetic or refractory dogs. Mitotic 

activity/ 
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activity in the dogs, however, was asnociated with 

degranulation ane beeroes cf the beta cells anc . 

these degenerative phenomena may explain at leset 

in part the occurrence of euch unusual mitotic 

divisicn. on the other hand, no degenerative changes 

were ever found in the islets cf the present rabbits 

so that the original aims of the research as stated. 

at the beginning were rithout success. 

The increase of islet tissue in these rabbits 

is interesting in relation to the changes described 

in rats treated. with anterior lobe extracts. 

Anselmino, Herold and Hoffmann (1933) injected rats 

for s few days with a watery extract cf acetone- 

dried fresh anterior pituitary glands and claimed 

that this procedure effected. a marked increase in 

the size and number of the pancreatic islets. They 

. based their observations regarding the size and 

number of the islets merely on the microscopical 

examination cf sections cf the pancreases which is 

a method obviously conducive to faulty interpretation. 

Moreover, Richardson and Young (1937) were unable to 

support Anselmino et al with regard to the action 

of an extract prepared from acetone-dried material, 

but nevertheless showed by using a quantitative 

method for the assay of islet, tissue that, when rats 

were treated daily for between two and three weeks 

with a saline extract of freeh anterior lobe, the 

islet tissue was doubled. 

from/ 
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from their method of assay, however, whether the 

increase of islet tissue was due to an increase in 

t1'e size or number of the islets or both. The degree 

of islet tissue increase in the present rabbits thus 

duplicates that produced in rats by Richardson and 

Young (1937) and further proves that the increase is 

due to hypertrophy of the islets and occasionally 

also to an increase in their number. Marks and 

Young (1939, 1940) subsequently proved that the 

daily administration of a cru.de anterior lobe extract 

to rats for two weeks leads to a rise in the insulin 

content of the pancreas to about twice the control 

value. This observation indicates that the 

hyperplastic islet tissue in the rat and presumably 

therefore in the rabbit is functionally active. It 

does not necessarily mean, however, that insulin is 

being secreted into the circulation at an abnormally 

rapid rate. Indeed, Richardson and Young (1937) 

found that the fasting blood sugar of their injected 

rats remained within normal range and a similar 

observation was made in some of the present rabbits 

after they had become refractory. Moreover, auger 

- tolerance tests carried cut in the post-diabetic 

-stage were ncrnal. =='ven when Rabbit 12 was 

specially stra5_ned by using a 1GC per cent glucose 

solution in the consecutive method, its sugar 

tolerance was of the same measure after as before the 

diabetic phase. The hyperplastic islet tissue, in 

other words, reacted. merely to the required degree 

and/ 
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and no more. Nevertheleso, the fact that It 

repreeented a greater quantity and source of insulin 

readily explained how re-injection of eefractory 

rabbits failed to produce any further glycoguria. 

This point has also been discussed by Best, Haist 

and Rideut (1939). 

The increase of islet tissue may have been 

compensatory to hyperglycaemia or brought about 

under the influence of a pancreotropic factor in the 

extract. Consideration in deciding between these 

alternatives must be given to the following facts. 

Five of the present rabbits never excreted sugar and 

presumably therefore maintained more or lees normal 

tectit 
blood sugars and yet, while one exception, had islets 

the average weight of which was greater than that of 

the Islete of the control series. Rabbit 2 was one 

of these animals and besides having islets larger 

than the average showed a definite proliferation of 

its pancreatic ducts and a formation of entirely 

new Islets. Richardson and Young (1937), moreover, 

found in their rats that the extract which increased 

the amount of islet tissue to twice that of controls 

had little or no effect on the level of the blood 

sugar. Finally, Best, Camnbell, Haist and Ham 

(1942) noted that the simultaneous administration of 

anterior lobe extract and insulin tended to prevent 

degenerative islet changes, but d '3 not eliminate the 

occurrence of mitotic figures. These combined 

observations indicate that the increase of islet 

tissue/ 
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tissue is nct compensatory to any hyperglycaemia, 

but probably clue to the action of an 1neweperyont 

pancreotropic factor. Marks and Young (194C) 

di t &nguith between the pancreotropic factor which 

increases the amount of islet tissue and the insulin - 

increasing factor which augments the quantity of 

extractable insulin. Firce they are so closely 

related in action, these two factors, however, may 

fairly be assumed to be one and the same substance. 

The pancreotropic factor on the basis of this and 

other investiga tions is thus apparently able to 

stimulate (1) proliferation of the ducts cf the 

pancreas; (2) differentiation from the proliferated 

ducts of new islets; (3) division of the islet 

cells with resultant hypertrophy of original islets; 

and (4) formation cf insulin by the islet tissue. 

The foregoing suggests that the variation in 

the reaction of different species such as the dog, 

rabbit and rat to diabetogenic anterior lobe extract 

depends in part on the relative susceptibility of 

the species to the diabetcgenic and pancreotropic 

factors. Thus, the dog would appear to be highly 

susceptible to the diabetogenic factor and only 

slightly to the pancreotropic substance. The result 

is that the dog almost always reacts rith marked 

hyperglycaemia and glycosuria and the islets 

endeavouring to compensate become degenerated and 

depleted of insulin Campbell, Keenan and Best 

(1939); Bert, Campbell and Heist. (1939) ; Marks 

and young. (1939) 
1 . The English rabbit is less 

affecte d/ 
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affected by the diabetosenic substance and more by 

the pancreotropic factor. It consequently shove 

glycosuria in 85 per cent of cases, but the 

excretion of sugar is always neutralised by an 

increase in the amount of islet tissue to about 

double the normal. Finally, the rat appears to be 

practically insensitive to the diabetogenic factor 

and conversely sensitive to the pancreotropic 

substance. The effect is that it practically never 

excretes sugar and yet shows a marked increase in 

the amount both of islet tissue and pancreatic 

insulin. 

That susceptibility to eiabetogenic extract 

else related in 'part to the original amount of 

pancreatic islet tissue in suggested by the following 

facts. Young (1941) found. that puppies tolerate 

doses of crude anterior lobe extract greatly in excess 

of those required to, prothice glycosuria in adult 

dogs without exhibiting any signs of diabeteo. Such 

a difference in susceptibility could. be explained on 

the ground that puppies have relatively more islet 

tissue per kilogram of body weight than adult dogs 

and. Cgilvie (1937) in support of this pcseibility has 

shown that human infants and adults have their islet 

tissue apportioned in this ray. Lukens and Echan 

(1942) using cats wero able by partial pancreatectomy 

and subsequent extract treatment constantly to render 

them diabetic, whereas Young (1938 A) could make only 

50, per cent of his cats glycosuric by extract alone. 
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In this research, re-Injection of rabbits which had, 

shown transitory diabetes with more than originally 

effective aunts of extract failed to produce any 

further diabetes, presumably because the animals 

had by then acquired more islet tissue, and, 

therefore, available insulin. Variation in the 

reaction to diabetogenic extract thus apparently 

depends in part on relative susceptibility to the 

diabetogenic and pancreatropic factors and in part 

on the oriFinal amount of islet tisaue and available 

Insulin. This combination of influences, moreover, 

probabij explains the variable reaction to 

diabetogenic extract net only of 6ifferent species 

but also of different strains and different animals 

of the same strain. 

The existence In ox anterior lobe extract of a 

pancreotropic factor suggests that tree human 

anterior hypephysis may secrete a similar agent and 

a certain amount of evidence, indeed, exists to 

anpaert this deduction. In the developing human 

pancreas, for example, the ducts according to Maxlmow 

and 131c= (1938) proliferate ana differentiate into 

aaini and islets. The islets continue to increase 

in number until the third year of postnatal life and 

growth of the islet tissue thereafter is effected 

merely by hey-pertrophy of existing islets (Ogilvie, 

1937). These developmental features, as already 

seen, are essentially pancreotropic effects and the 

deduction,/ 
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deduction, therefore, may reasonably be made that a 

pancrectrop1c factor Is responsible for their 

production. It is also noteworthy that the 

entering lobe e:aetract in English rabbits produced 

hypertrophy of the islets much more con only than an 

increase in their number. The cells of the 

existing islets, in other words, area more susceptible 

to the proliferative action of the pancrootroplc 

factor than the cells of the ducts. This difference 

in susceptibility i; perhape natural since 

differentiation of islets from ducts comes eo an end 

a lone time before the islets cease to hypertrophy 

and presumably is correspondingly difficult to bring 

back into being as a generative; meehanism. 

Hypertrophied islets also ccaur in obese subjects 

(cril.vie, 1933, 1935) and in diabetics (arren, 1938), 

and Young (1941, 1942 A & :) taking it as an 

indication cf p ncre;ctrotic hyp :rfunction has 

incorporated thin finding in a theory regarding the 

etiology cf obesity. 

The diminution of sugar tolerance during the 

diabetic phase as demonstrated by both single and 

consec=utive methods confirms the observations of 

Houssay (1936) and Young (1939). The form of the 

single tolerance curve obtained curing the diabetic 

phase means that the islets di:gcrfr- ee sufficient 

insulin to cope adequately with the injected glucose 

doing the first 20 minutes of the tests but that 

the supply of insulin thereafter rapidly and 

progressively/ 
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progressively diminishes until only a very mall 

amcunt of secretion is being passed out by the 

isleta. Again, the falling character of the 

consecutive tolerance curve in the intact animal is 

a sign that each dose of glucose successively 

stimulates ar increased secretion of insulin by the 

islets and the rising curve obtained in the diabetic 

animal Indicates cenversely that each subsequent 

dose of glucose is followed by a diminished output 

or insultn. These deductions regarding the 

secretion of insulin in turn sugg,st two obeervations 

concerning the state of the islets. First, the 

islets during the diabetic phase probably contain 

/ess than their norm/ meant of insulin. This idea 

is supported by the fact that Young (1940) observed 

a fal' in the inulin content of the rabbit panereas 

after extract treatment. This finding would at 

first appear to contradict what has already been 

said regarding an increase in the amcunt of lelet 

tissue and presumably, therefore, of insulin in the 

rabbit pancreas. The two statemente, however, are 

compatible in that a fall of pancreatic insulin may 

occur during the stag of diabetes whereae after 

recovery from the diabotegcnic factor a rise is to 

be anticipat or,. along with the increaee in islet 

tissue. sondly, the Inlets daring the diatetie 

phase must be greatly deplete(' in regard of their 

ability te nannfacture and etecrete insulin. Both 

points/ 
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points indicate that in attempting to overcome the 

action of the diabetogenic factor the islets have 

been reduced to a state of semi-eXhaustion which, 

in the absence cf their susceptibility to the 

panoreotropic factor, might have pleded in severe 

degenerative changes as in the dog. Nevertheless, 

the fact that normal sugar tolerance curves were 

Obtained. by both single and consecutive methods 

three weeks after the Ciabatic phase is evidence 

of ultimate complete functional recovery of the 

islets. it is noteworthy that the sugar tolerance 

of two rabbits as determined during the first two 

days cf the post-diabetic period was diminished. 

Recovery of tì- islets cannot, therefore, coincide 

with tha cessation of glycosuria, but must be a 

relatively graeual process requiring several days. 

The significance of a normal sugar tolerance curve 

in the presence cf an increased euantity of islet 

tissue has already been yrientioned In relation to the 

rate of secretion of insulin by the hyperplastic 

tissue. 

The diminished sensitivity te the hnoglycaemic 

action of insulin such as was observed Curing the 

diabetic phase in several animals confirms the 

tindinga of hoassay and Totick (1)2)) Benedetto 

(1933), Cope and Marks (1935) and Young (1936 6). 

The degree cf insensitivity was variable. It was 

occasionally absolute, but on the average such that 

Insulin/ 
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insulin was at least four times less effective In 

lowering the blood sugar cf the diabetic compared 

with the intact animal. The thre responses of 

Rabbit 22 to the test dose of insulin, however, 

were instructive in that they varied inversely as 

the degree of glycosuria. The anti-insulin 

activity of anterior lobe extracts according tc 

Cope and Marks (1935) and Young (1938 B, 1939) may 

also be observed at a time when the blood sugar Is 

not significantly altered as, for example, in the 

dog during the latent period between the beginning 

cf extract treatment and the develo:ement of 

glycosuria. These observations together indicate 

that diminution in the hypoglycaemic action of 

insulin is not an effect of any diabetogenic factor 

in the extract. Young ( 1938 B) has found that the 

responsible agent is also not identical with 

prolactin or with the thyrotropic or gonadotropic 

hormones and has suggested (Young, 1936) that it be 

known as the glycotropic factor. This factor, he 

believes, is the direct antagonist of insulin. 

Since insulin has a three-fold action in that it 

inhibits the formation. of sugar fro glycogen in 

the liver, facilitates the 7Trithesim cf glycogen 

from sugar in the muscles, and stimulates the 

oxidation of sugar by the peripheral tissues [Cori, 

Cori and Goltz (1923); Cori (1931); Best, Lale, 

ilcet and Marks (1926) , the glycotropic factor 

must, therefore, be regarded as having functions cf 

an/ 
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an opposite nature. 

The fact that ketonuria occurred in about 70 

per cent of the present animals agrees with the 

frequency with which Young (1938 A) observed the 

same phenomenon in his rabbits. K tonuria resemble 

glycosuria in that it developed on the average on th 
sixth day and also ran a transitory course no 

matter whether the animal was treated with constant 

or increasing extract. Its duration, however, was 

slightly less than half that of the glycosuria so 

that the ketones had disappeared from the urine 

shortly before the glycosuria had reached its peak. 

The transitcriness of the ketcnuria indicates just 

as in the case of the glycosuria that the animals 

developed a resistance to the mechanism whereby the 

extract effects the excessive production of ketones 

in the blood and the fact that re- injected animals 

failed to show any further ketonuria proves that 

within the scope of these experiments such 

refractoriness is permanent. The development of 

resistance to the ketogenic action of anterior 

pituitary extract has also been noted in rats by 

Black, Collip and Thomson (1934) . On the ether hand, 

Young (1939) in permanently diabetic dogs observed 

a progressive increase in ketonuria over periods 

cf a year or more. The English rabbit and the dog 

thus differ markedly in that whereas the rabbit 

acquires permanent resistance to both the diabeto- 

genie and ketogenic actions of the extract, the dog 

under/ 
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under intensive treatment fails in both of these 

respects. Three cf the rabbits in this 

investigation excreted more than 1000C mg. and six 

rabbits more than 5CC mg. cf total ketones per 

24 hr. These amounts ccmpared with normal ketcne 

excretion in tbe English rabbit indicate a 

substantially increased ketcnuria and contrast 

with the statement by Ycun g (1939, A) that the 

ketcnuria in his rabbits was never very striking. 

Apart from the rabbit, ketonuria has been vroduced 

by anterior pituitary extracte in the rat ( Burn 

and Ling (193C); Best and Campbell (193R); 

Gray (1938); Shirley and Long (1938)3 , dog 

Rietti (1934) ; Ycung (1937, 1938 A)] , guinea 

pig :Best and Campbell (1938) ; Ycung (1938 A)] 

and cat ( Ycung, 1938 A). No agreement exists 

at the moment regarding the mechanism rhereby 

anterior pituitary extract stimulates ketcgenesis. 

Thus, Black, Collip and Thomson (1934) attribute 

the phenomenon to a specific ketegenic factor in the 

extract, while Shirley and. Long (1938) believe that 

It Is due to, t inhibitory action of the extract - 

on carbchydrste and protein catabclism. 

The frequency cf oligurie Find the moderate 

degree cf pclyuria even in these rabbits exhibiting 

a urinary increase were ncteworthy findings. The 

cliguria occurred despite considerable simultaneous 

glycosurie and polyuria was associated with 

glycosuria in only four animals. Such observations 

confirm/ 
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confirm the results of Young (1938 A), but are not in 

agreement with those cf Baumann and Marine (1932) 

who reported a marked polyuria in their treated 

rabbits. The urinary changes in the present 

investigation were distinctly related to dietary 

fluctuations. Thus, the oliguria occurring 

immediately after the start of treatment was always 

associated with a reduced food consumption, while the 

subsequent excretion of a normal or excessive amount 

of urine was accompanied by a corresponding increase 

in the intake of food. Young (1938 A) noted a 

similar diminution in the food consumption of his 

rabbits. 

CONCLUSIONS. 

(1 ) Twenty -eight rabbits of which twenty -seven 

were English and one äutchreceived daily 

subcutaneous or intraperitoneal treatment with a 

crude saline extract of fresh ox anterior pituitary 

gland. 

(2) Eighteen rabbits showed both glycosuria 

and ketonuria, five glycosuria only, two ketcnuria 

only, and three neither glycosurie nor ketonuria. 

(3) Both glycosurie and ketonuria were 

transitory despite-intensive therapy and later 

treatment felled to produce any further phase of 

either phenomenon. 

(4) Sugar tolerance and insulin sensitivity 

were definitely decreased during the diabetic phase, 

but/ 
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but both tests were thereafter within normal range. 

(5) The injected rabbits had approximately 

twice the weight of islet t saue compared with 

controls. This increase was the tc a hypertrophy 

cf the islets to about twice their original weight, 

while the number cf islets remained constant. One 

rabbit was an exception in that the pancreas also 

showed a proliferation of its small ducts and a 

differentiation therefrcri of entirely new islets. 

(6) Crude anterior lobe extract has diabetogenia4 

pancreotropic, glycotropic and ketogenic actions. 

The incidence of experimental pituitary diabetes 

depends-partly on the original amount cf islet tissue 

and partly on relative species, strain and individual 

susceptibility to the diabetogenic and pancreotropic 

actions. 

(7) Urine volume as a result of extract 

treatment is usually diminished at first and later 

either normal or moderately increased. The 

variations in urine volume are due tc corresponding 

changes in food consumption. 



44. 

HErERENCES . 

Anderson, E.M. & Ccl.lip, J.B. 1934. Lancet 1. 784, 

Anselminc, h.J., Herold, L., &fe:l'fman, F. 1933, 

K lin. :-'schr. 12. 1245. 

Baumann, E.J. 8 . Marine, L., 1932. Proc. =9oc. 

Bxper. Bi.a1. & Med. 29. 1220. 

enedettc, E. di, 1933. (>'cmpt. rend. Soc. de Biol. 

112, 499. 

Best, 0.11. & Campbell, J. 1938. J. Physiol. 92. 91. 

bsWy w,H,, Campbell, J., & Hai4t: R.B., 1939. 

j. Physiol. 97. `:3tC. 

Best, C.H., Campbell, J., Haist, Z. & Earn, A. W. 

1942. 

tJ 

J. 

J.P. 

7. 

Best, C.h., I-a1e, H.±., Hoet, !J and Marks, 

1926. Free. Aoy. Soc. Mec. B. 10G. 55. 

Best, C.H., hai9t, R.E., & :iicaout, J.H., 1939. 

J. Physic?. 97. 107. 

Black, P.1°., Collip, J.B., & 1'hcr,enn, L.L., 1934. 

J. Physiol. 82. 385. 

Burn, & i3.tf., 1930. J. Physiol. 69. 

Proc. 19. 

CQ.mpbell, J. & F3.^-t, c%.8., 1938. Lancet 1. 1444. 

Campbell, J., Keenan, H.C. & Best, C.H. 1939. 

Amer. J. Physiol. 126. Proc. 455. 

Cecil, I?.L., 1908. J. Exper. ?.ied. 1i. 266. 

Ccl.l.ip, J.B. & Anderson, 1934. Lancet 1. 76. 

Collir,, J.B. & Anderson, B.M. 1935. J.A.M.A. 104. 

965. 

Cope, C. & Marb s, H.P., 1935. J. Physiol. 83. 157. 

Cori/ 

169. 



170. 
45. 

Cori, C.F., 1931. Physial, Rev. 11. 143. 

Cori, C.F., Cori, C.T., & Coltz, R.L., 1923. 

a. Pharmacol. 22. 355. 

Ddhan, F.C. & Lukens, F. L.17. 1939. Amer. J. Plays. 

125. 188. 

Evans, H. ., Meyer, K.: SInpsen, & Reichert, 

F.L. 1932. Proc. Soc. Exper. Biol. & MeC, 

29. 857. 

Gray, C.E., 1938. Biochem, J. 32. 743. 

Haman, L. & hirschman, I.I. 1919. Johns hop. 

Hesp. Bull. 3C. 306. 

Himsworth, L.P., 1934. J. Physia. 81. 29. 

Houssay, B.A., 1936. Nev Eng. J. Med. 215. 961. 

Houssay, B.A., Biasotti, A., & Rietti, C.T., 1932. 

Campt. rend. Soc. de Biol. 111. 479. 

!messy, B.A., Biasotti, A., & Rietti, C.T. 1934. 

Compt. rend. Soc. de Biol. 115. 325. 

Houssay, B.A. & Potick, D. 1929. Compt. rend. 

Soc. de Biol. 1C1. 940. 

Likens, & Ldhan, F.C. 1942. Endocrine'. 

3C. 175. 

Marks, H.P. & Young, F.G. 1939. Chem. Ind, Rev. 

58. 652. 

Marks, H.P. & Young, I.G. 1940, Lancet. 1. 493. 

Maximow, A.A., a, Bloom, 1938. Textbook of 

Histology, 3rd. Edna W.B. Saunders Co., 

Philadelphia & London. 

041vie, R.F. 1933. J. Path. Bact. 37. 473. 

Ogilvie/ 



171, 
46. 

Ogilvie, R.F. 1935. Quart. J. Med. 28. 345. 

Ogilvie,R.F. 1937. Quart. J. red. 3C. 287. 

Opie, E.L. 1901. Exper. Med. 5. 397 & 527. 

Richardson, K.C. 194G. Proc. Roy. Soc. Med. 128. 

153. 

Richardscn, & Youn7, F.G. 1937. J. Physiol. 

9/. 352. 

Richardson, K.C., & Young, F.G. 1938. Lancet, 1. 

1098. 

¡deft', C.T. 1934. Capt. rend. Soc. de Biol. 

317. 57. 

Shipley, REA. 8 Long, G.N.P. 393S. cloche. J. 

32. 2242. 

Warr-n, S. 1938. The Patholopy of riabetes Mellitua. 

Lea & Fibiger, Philadelphia. 

weichse3rmum, A. 1911, Wien. Kiln. rchnechr. 24. 

153. 

Young, F.G. 1936. Lancet, 2. 297. 

Young, F.G. 1937, Lancet. R. 372. 

Young, F.G. 193(1 A. Bioehem. J. 32. 513. 

Young, F.G. 193n B. Biochem. J. 32. 1521. 

Young, F.G. 1931. New Eng. J. Med. 221. 635. 

Young, F.G. 1940. Nature, 146. 31. 

Young, F.G. 1941 i3rit. MJ. 2. 897. 

Young, F.G. 1942 A. J. Physiol. Proc. 19. 

Young, F.G. 1942 F. Blocher'. 3. 36. Proc. 2. 



172, 
47. 

Protocols. 



48. 
Rabbit 1. (Male) 

Body Urine Urine Total Urine 
Weight Volume Sugar Urine Ketones 
in g. in cc. in Sugar in 

g.% per 24 hr. mg. % 

E; 

_ 

r- 

in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

173. 

9.5,40 

10.5.40 

11.5.40 

12, 5.40 

13.5.40 

14:5:40 

15.54,40 

16.5.40 

17.5.40 

18.5.40 

19.5.40 

20. 5.40 

21.5.40 

22.5.40 

23,5,40 

24.5.40 

25.5.40 

26.5.40 

1828 

1785 

1814 

1842 

1817 

1842 

1857 

1814 

18 ?1 

1871 

1814 

1814 

1814 

1871 

1814 

1817 

1899 

1 871 

85 

153 

110 

103 

100 

108 

145 

86 

105 

30 

60 

61 

91 

51 

123 

53 

83 

155 

ON 

NO 

- 

ISM 

Oa 

DOD 

ONO 

oosoo 

- 

- 

ON 

AND 

OM 

ON 

DWI 

oor 

OM 

NO 

ONO 

ONO 

NO 

NIP 

Ole 

MIN 

sOD 

ISO 

1110 

MOO 

ON NM 

- 

NOD 

- 0.5 g. 
p 

er kg. 
(1.9 cc) 

0.5 g. per kg. 
(1.9cc.) 

0.5 g. per kg. 
(1.9 ce.) 

- 0.5 g. per kg. 
(1.9 cc.) 

0.5 g. per kg. 
(1.9 cc.) 

- 1 g. per kg. 
(3.6 cc.) 

1 g. per kg. 
(3.6 cc.) 

- 1 g. per kg. 
(3.8 cc.) 

- 1 g. per kg. 
(3.6 cc.) 

1 g. per kg. 
(3.8 cc.) 

1 g. per kg. 
(3.8 cc.) 

.. 1 g. per kg. 
(3.8 cc.) 



49. 174. 

Lite. Body Urine Urine Total Urine 
Weight Volume Sugar Urine Ketones 
in g. in ec. in Sugar in 

g.% per 24 nr. mg.% 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.S. 

27.5.40 

28.5.40 

29.5.40 

30.5.40 

31.5.40 

1.6.40 

2.6.40 

3.6.40 

4.6.40 

5.6.40 

6, 6.40 

7.6.40 

1814 

1785 

1842 

1700 

1700 

1700 

1700 

1700 

1587 

1530 

1516 

1530 

'78 

72 

170 

107 

90 

93 

146 

95 

88 

113 

69 

92 

OW 

_ 

r 

MO 

ON 

alb 

NO 

410 

- 

- 

KILLED 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 
( 5.7 ce.) 

1.5 g. per kg. 
(5.2 cc.) 

1.5 g. per kg. 
( 5.2 cc.) 

1.5 g. per kg. 
( 5.2 ce.) 

0.0 

Olt 

2 g. per kg. 
( 6.4 ce.) 

2 g. per kg. 
( 6.4 cc.) 

2 g. per kg. 
( 6.4cc. ) 

(PERITONITIS) 



5C, 

Rabbit 2. (Female) 

Late Body Urine Urine Total Urine Total 
Weight Volume Sugar Urine Ketones Urine in g. in cc. in Sugar in Ketones 

g.% per 24 hr. mg.% per 24 hr. 
in g. in mg. 

A.P.E. 

175. 

22.6.40 

23.6.4C 

24.6.40 

25.6.40 

1899 

1871 

1842 

1871 

185 

185 

195 

150 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- _ 

- 1 g. per kg. 
(3.8 cc) 

26.6.40 1071 127 g. per kg. 
(3.8 cc.) 

27.6,4C 1885 15C 1 g. per kg. 
(3.8 cc. 

28.6.4C 185? 191 i g. per kg. 
(3.8 cc.) 

29.6.4C 1814 242 2 g. per kg. 
(7.2 cc.) 

30.6.4C 

1.7.40 

1814 

1814 

276 

230 

1101, 

1.5 g. per kg. 
(5.4 cc.) 

2.7.40 1842 200 1.5 g. per kg. 
- (5.4 cc.) 

3.7.40 1757 283 a 1.5 g. per kg. 
(5.4 cc.) 

4.7.40 1700 238 1.5 g. per kg. 
(5.2 cc.) 

5.7.40 170C 298 1.5 g. per kg. 
(5.2 cc.) 

6.7.40 1700 260 2 x 1.5 g. per kg. 
(9 cc.) 

7.7.40 1615 227 
11111 

1530 259 KILLED (Ac. Bronchopneumonia). 



Lite. Body 
Weight 
in g. 

Urine 
Vclume 
in ce. 

51. 

Rabbit 3. ( Female) 

Urine 
Sugar 
in 
g.% 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine Total 
Ketones Urine 
in Ketones 
mom. % per 24 hr. 

in mg. 

A.P.F. 

176. -1 

1.7.40 

2.7.40 

3.7.40 

4.7.40 

5.7.4f: 

6.7.40 

7.7.4( 

B.7.40 

9.7.40 

10.7.4, 

11.7.40 

12.7.40 

13.7.40 

14.7.40 

15.7.40 

16.7.40 

1615 

1615 

15ß7 

1573 

1615 

1644 

1P,44 

1644 

170C 

1644 

1700 

1644 

1700 

1700 

1672 

1700 

136 

138 

158 

152 

89 

120 

18 3 

128 

170 

149 

190 

194 

118 

157 

174 

133 

ISM 

_ 

0.05 

Mel 

8110 

MOW 

0.06 

ISO 

MIR 

_ 

111111. 

SID 

_ 

_ _ 

_ 1 g. per kg. 
(3.4 cc.) 

1 g. per kg. 
(3.4 cc.) 

2 g. per kg. 
(6.8 cc.) 

1 g. per kg. 
( 3.4 ce.) 

_ 1 g. per kg. 

MEL (Peritonitis). 

( 3.4 ce.) 



ti 

52. 

Rabbit 4. (Male) 

177. 

rate. Body 
Weight 
in g. 

Urine Urine Total 
Volume Sugar Urine 
in cc. in Sugar 

g.% per 24 hr. 
in g. 

Urine Total A.P.E. 
Ketones Urine 
in Ketones 
mg. % per 24 hr. 

in mg. 

14.7.40 1502 85 - - - 

15.7.40 1473 162 - - - - 

16.7.40 1473 130 - - - - - 

17.7.40 1502 153 - - - - 

18.7.40 1530 141 - - - - - 

19.7.40 1530 122 - - - - 1 g. per kg. 
( 3.1 cc.) 

20.7.40 1530 153 - - - - 2 g. per kg. 
(6.2 cc.) 

21.7.40 1530 132 - - - - - 

22.7.40 1530 137 - - - - 1 g. per kg. 
(3.1 cc.) 

23.7.40 1530 58 - - - - lg. per kg. 
( 3.1 cc.) 

24.7.40 1544 146 - - - - 1 g. per kg. 
(3.1 cc.) 

25.7.40 1587 153 - - - - 1.5 g. per kg. 
(4.8 cc,) 

26.7.40 1587 107 - - - - 1.5 g. per kg. 
(4.8 cc.) 

27, 7.40 5173 147 - - - - 2 x 1.5 g. per kg. 
(9.6 cc.) 

28.7.40 158? 122 - - - - 

29.7.40 1643 132 - - - - 1.5 g. per kg. 
(4.8 cc.) 

30.7.40 1700 113 - - - - 1.5 g. per kg. 
(4.8 cc.) 

31.7.40 1643 195 - - - - 2 g. per kg. 
( 6.4 cc) 

1.8.40/ 



Late. 

53. 

Body Urine Urine Total 
:'eight Volume Sugar Urine 
in g. in cc. in 

C: 

Urine 
Ketones 

"sugar in 
per 24 hr. mg.% 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

1.8.40 1729 120 

2.8.4C 17CC 135 

3.8.40 15F37 274 

4.8.4C 1587 55 

5.8.40 1507 270 

6.8.4t, 1587 252 

'7.8.40 1530 160 

8.8.4( 1473 73 

am. aes 

NOD 

- 2 g. per kg. 
( 6.4 cc,) 

2 g. per kg. 
(6.4 cc.) 

- 2 x 2 g. per kg. 
(12.8 cc.) 

IMO 

2g. per kg. 
(6.4 cc.) 

OOP 2 g. per kg. 
(6.4 cc.) 

- 2.5 g. per kg. 
(7.6 cc.) 

- - - DIE L< ( tixhaustion) 



54. 

aabbit 5 (Feirale) 

Body Urine- Ucod Urine Total Urine Total 
Weight Volume Sugar ugar Urine hetones Urine 
in g. in cc. in in fiugar in Ketones 

mg.% F. per 24 
In r. 

hr. mg. % per 24 hr. 
in mg. 

r/ 4 

8.4C 

8.4C 

8.4(; 

8,4C 

8.4 

L4( 

'8.4C 

8.4L 

8. 

4C 

8.4( 

,8.4C 

8.4C 

.8.4c 

1729 

1785 

1757 

17CC 

176 

234 

2CC 

165 

- 

tea 

- 

- 

_ 

gla 

- 

- 

- 

- 

- 

- 

- 

- 

. 

ma. 

- 

OP 

oft 

00 

1729 168 - - - - - 

1757 183 - - _ _ .., 

1757 197 11. On. Off 

1757 265 - - - .. - - 

1757 185 152 .. - - 

1757 164 - _ _ - _ 1 g. per lr.g. 

( 3.6 cc.) 

1814 167 155 - - - - 2 x 1 g. ,)er kg. 
( 7.2 'cc.) 

1785 

1842 

118 

15C en' 1 rr. per kg. 
( 3.8 cc.) 

1842 157 .. - - - - 1 F. per kg. 
( 3.2 cc.) 

1914 212 - 0.05 C.1 - - 1 g. per kg. 
( 3.6 cc.: 

1871 15C - C.1 0.2 - - 1.5 g. per kg. 

1.-) 148 - C1 0.2 - - 1.5 g. per kg. 
( 5.7 cc.) 

1885 18C 166 C.2 0.3 - - 2 x 1.5 g. per kg. 
( 11.4 cc.) 

1814 22t) C.C6 C.1 IMP 

1814 13n (.1 c.2 1.5 g. per kg. 
( 5.4 cc.) 

1814 136 0.2 0.2 1.5 g. per kg. 
(54 cc.) 



f840 

840 

AO 

,8.4O 

'49 

t3.40 

AO 

13,40 

Bcdy Urine 
ipbt Vclume 

in a. in cc. 

1842 2C 

1871 145 

1871 156 

1814 188 

1814 166 

1785 213 

1757 230 

1672 16C 

1587 257 

55. 
180. 

Blc6 Urine Tctal Tctal A.F.E. 

Sugar r,u7ar Urine Ketones Urine 
in in Snír in hetcnez 
ma.% g.% per 24 hr. 

in g, 

mg.% per 24 hr. 
in mg. 

oni C.5 1.G - 2 g. per kg. 
(7.2 cc.) 

C.4 C.6 2 g. per kg. 
(7,4 cc.) 

232 2.0 3.1 2 g. per kg. 
(7.4 cc.) 

3.1 5.8 2 g. par kg. 
( 7.3 cc.) 

- 3.0 - 5.0 - 2.5 g. per kg. 
(9.0 cc.) 

- C.6 1.4 2.5 "g. per kg. 
(9.0 cc.) 

0.7 1.5 

C.1 C.2 

95 KILLED. 



rate. Body 
Weight 
in g. 

Urine 
Volume 
in ce. 

56. 

Rabbit 6. (Female) 

Urine 
Sugar 
in- 
g.% 

Tetal 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine 
Ketones 
in 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

181. 

20.9.40 

21.9.40 

22.9.4G 

23.9.4C 

24.9.40 

25.9.40 

26.9.40 

27.9.40 

28.9.4C 

29.9.4C 

30.9.40 

1.10.40 

2.10.40 

3.10.40 

4.10,40 

5.10.40 

6.10.40 

7.10,40 

8.10.40 

9.10.40 

10.10.40 

11.10.40 

2041 

2027 

2041 

1998 

2069 

2041 

2097 

1984 

2012 

2041 

2055 

2041 

2097 

1984 

1927 

199P 

1927 

1984 

1927 

1927 

1899 

139 

202 

93 

24C 

270 

220 

142 

14G 

101 

191 

81 

108 

1CC 

115 

64 

134 

34 

140 

76 

95 

110 

95 

410. 

Me. 

AMM, 

ma. 

eml 

AI* 

01 

601. 

mIM 

son 

ea. 

gm. 

.111M 

wl 

MO 

AIO 

WO 

OM, 

oh* 

*MA 

'OS 

Ob. 

11.11 

410, 

ant 

M11111 

MO. 

Mgm 

OM, 

..on1.00obeo. 

NO 

4/11, 

OD 

1 g. per kg. 
(4 cc.) 

1 g. per kg. 
(4.2 cc.) 

1 g. per kg. 
(4 cc.) 

1 g. per kg. 
(3.8 cc.) 

2 x 1 g.per kg. 
(i cc.) 

MO 

1.5 g. per kg. 
(5.8 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(5.7 cc.) 

1.5 g. per kg. 
(5.7 cc.) 

1.5 g. per kg. 
(5.7 cc.) 



Late. Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g.% 

57. 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine 
Ketones 
in 
mg.% 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

182. 

12.10.40 

13.10.40 

14.10.40 

15.10.40 

16.10.40 

17.10.40 

18.10.40 

19.10.40 

20.10.40 

21.10.40 

22.10.40 

1927 

1814 

1842 

1899 

156 

1729 

1714 

1757 

- 

1743 

1558 

112 

149 

172 

178 

85 

340 

392 

289 

520 

134 

360 

OW 

OW 

- 
- 

- 

MO 

411111 

111111 

MO 

- 

- 

NIP 

MIN 

- 

- 

- 

- 

ISM 

.. 

2 x 2.0 g.per kg. 
(15.2cc). 

2.0 g. er kg. 
7.2 cc.) 

2.0 g. perkg. 
(7.6 cc.) 

2.0 g. per kg. 
( 8 cc.) 

2.5 g. per kg. 
(9.0 cc.) 

2.5 g. per kg. 
(8.6 cc.) 

2 x 2.3 g. per kg. 
(18 cc.) 

KILLED. 



late. Urine 
Weight Volume 
In g. in cc. 

abbit 

Urine 
sugar 
ira 

%tr. 

58. 

Total Urine 
Urine Ketonegugr 

in 
per 24 hr. mg.% 

g. 

183. 

Total 
Urine 
Ketones 
per 24 hr. 
in ng. 

9.10.40. 1771 

2C.10.AQ 1778 

21.1C.40 1795 

22.10.4C 1729 

236 

196 

101 

258 

GO 

79e 

IMO 

411* 

arl 

.1* 

44. 

23.10.4C 1806 147 I/FA or* Ire 011, 

24,10.4C 1705 2C( _ _ Blank = 20 * 

26,10.40 17t 67 

26.1C.4C 1771 120 - - _ 

27.10.40 1793 2CC OD 

28.10.40 1814 139 .17P .111, 

29.1C,4( 1785 191 141 i.e q. per kg. 
(3.6 cc.) 

30.10.40 1857 151 on. 10 g, per k 
( .3.8 cc.) 

31.10.4c 1842 11C vo. 1.0 g, per kg. 
(3.8 cc.) 

1.11.40 1871 76 .111M 1,0 g . per kg. 
(3.8 cc.) 

2.11.40 1871 

3,11.4( - 

144 

74 MP, 

2.5 g per kg, 
(9.6 cc, 

0111r 

4.11.40 1842 141 AM. 
1 P, g, per kg. 

(5,8 cc.) 
5.11.4C 1914 '741 91 1.5 g, per kg. 

( 5.4 cc.) 
6.11.4S 1814 125 .1 134 168 1.5 g. por kg. 

(5.4 cc.) 
1842 121 3.0 $.6 1(73 132 2,0 g, per kg. 

(7.6 ce.) 
8.11.40 1842 133 5,5 1f741 205 2.0 g per kg. 

* Blank has not been deducted from either percentage or 
(7,6 cc.) 

total ketones. 



¡ate. Bcdy 
Yeight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 

g.% 

59 . 

Total Urine 
Urine h.etones 
sugar in 
per 24 hr. mg.% 
in 7. 

Total 
Urine 
Ketones 
per 24 hr. 
In. mg. 

A.P.". 

184. 

9.11.4C 1271 172 0.8 1.4 2.0 g. per kg. 
(7.6 cc. 

le ja 4:¡: 193 L.1 0.2 2.0 g. per kg,. 

( 7.6 cc. ) 

11.11.4C 1871 233 0.1 L.2 2.5 g. per kg. 

12..11.4( 1971 248 C.1 0.1 mew 

(9.5 cc.) 

2.45 g. per kg. 
(9.1 cc.) 

13.11.4C 1942 198 41M, 

14.11.4C 1914 145 C . 2 0.2 

fir, L. 
11011110.111. 

SUGAR TOLl'iAANCE : 

CONSECUTIV17.; METRO L. 

Blood Sugar in mg, per cent. 

ting. - min. 
-r 

29 min. min. 59, min. 6'b min. ylin,,[95 min. r 

118m. -. .__. _ _ 

C 274 16$ 27C 151 264 133 254 160 

El 218 154 231 156 313 169 349 170 
,/,.ara ....Pra., ..i. ..._______________ _ _..._._t.__.____ 



6C. 

Rabbit 8. (Male) 

185. 

Late . Body 
Weight 
in g. 

Urine 
V( lume 
in cc. 

Urine 
Sugar 
in 
g.% 

Total Ur4/le Total A.P.E. 
Urine Ketones Urine 
Sugar in Ketones 
per 24 hr. mg.% per 24 hr. 
in g. in mg. 

12.11.40 2260 95 - - COO 

13.11.40 2239 239 - _ - - - 
* 

14.11.40 2239 172 - - Blank _ 30 - - 
15.11.40 2239 180 - - - 

16.11. 40 2239 204 - - - - - 
17.11.40 - 228 - - - - - 
18.11.40 2183 194 - - - - - 
19.11.40 2154 174 - - - - - 
20.11.40 2154 187 - - - - - 
21.11.40 2211 176 - - - 1.0 g. per kg. 

(4.4 cc.) 
22.11.40 2211 170 - - - 1.0 g. per kg. 

(4.4 cc.) 
23.11,40 2154 129 - - 140 181 2 x 1.0 g. per kg. 

(8.4 cc.) 
24.11.40 - 23 0.20 0.05 294 68 

25.11.40 2097 28 0.08 0.02 106 30 1.0 g. per kg. 
(4.2 cc.) 

26.11.40 2097 32 0.06 0.02 99 32 

LIED. 

Blank has been deòacted from both percentage and total ketones. 



Late. 4 
Body Urine 
Weight Volume 
in g. in cc. 

61. 

Rabbit 9. (Male) 

Urine 
Sugar 
in 
g% 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine Total 
Ketones Urine 
in Ketones 
mg.% per 24 hr. 

in mg. 

A. .L. 

186. 

27.11.40 

28,11.40 

29.11.40 

30.11.40 

1.12.40 

2,12.40 

3.12.40 

4.12.20 

5.12.40 

6.12.40 

7.12.40 

8.12.40 

9.12.40 

10,12.40 

11,12.40 

12.12, 40 

13.12.40 

14.12. 40 

15.12.40 

1612.40 

1615 

1587 

1615 

1558 

-- 

1558 

1615 

1643 

1757 

1729 

1643 

- 

1672 

1700 

1729 

1729 

1700 

1785 

- 

1757 

138 

208 

178 

148 

150 

194 

164 

169 

108 

143 

230 

50 

120 

128 

181 

170 

31 

169 

180 

265 

MOW 

ONO 

Anie 

C.3 

0.4 

0.3 

IMP 

WOO 

IND 

SRO 

OP 

IMO 

0.6 

0.6 

0.6 

MD 

- 

- 
NM 

40 

AND 

OD 

- 

110 

OBI 

IMO 

- 

- 

MO 

OP 

MO 

IMO 

- 

1.0 g. per kg. 
(3.2 cc.) 

1.0 g. per kg. 
(3.6 cc.) 

1.0 g- per kg. 
(.3.4 cc.) 

2x1.0 g. per kg. 
( 6.4 cc.) 

IMO 

1.5 g. per kg. 
(5.2 ce. ) 

1.5 g. per kg. 
(5.2 cc.) 

1.5 g. per kg. 
(5.2 cc.) 

1.5 g. per kg. 
(5.2 cc.) 

1.5 g. per kg. 
(5.2 cc.) 

2.0 g. per kg. 
(7.2 cc.) 

2.0 g. per kg. 
(6.8 cc.) 



Tate. 

62. 

Body Urine Urine Total 
Weight Volume Sugar Urine 
in g. in cc. in Sugar 

per 24 hr. 
in g. 

g.% 

Urine Total 
Ketones Urine 
in Ketones 
mg.% per 24 hr. 

in mg. 

187. 

A.P.E. 

17.12.40 1785 180 2.0 g. per kg. 
(7.2cc . ) 

18.12.40 1814 241 2.5 6.0 2.0 g. per kg. 
(7.2 cc.) 

19.12.40 1814 221 2.3 5.1 MIR 2.0 g. per kg. 
(7.2 cc.) 

20.12.40 1785 232 6.6 15.3 4111. 2.0 g. per kg. 
(7.2 cc.) 

21.12.40 1785 205 3.3 6.8 2.5 g. per kg. 
(9 cc.) 

22.12.40 - 218 0,3 0.7 - 2.5 g. per kg. 
(9 cc.) 

23.12.40 1814 217 - w 2.5 g. per kg. 
(9 cc.) 

24.12.40 1799 201 OR, 2.5 g. per kg. 
(9 cc.) 

26.12.40 1806 209 IND IMP 41111, 

26.12.40 1785 218 

27.12.40 1'785 182 w - GIP KILLET. 

SUGAR TOLERANCE CURS : 

CONSECUTIVE METHOD. 

Blood Sugar in mg. per cent. 

Pasting 5 min. 28m.in. ; 35min. 58min. 

214 

65min. 88 min. 9#Bin. 118min. 

147 239 ( 156 264 163 266 174 



Lete. body Untie 
weight Volume 
in g. in cc. 

63. 

Rabbit 10. (Female) 

Urine 
Sugar 
in 
g% 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine Total 
Ketones Urine 
in Ketones 
mg.% per 24 hr. 

in mg. 

188. 

31.12.40 1814 152 

1.1.41 1814 180 

2.1.41 1871 174 

3,1,41 1956 151 

4.1.41 1871 170 

8.1.41 185 

6.1.41 1956 173 

7.1.41 1927 183. 

8.1.41 1956 122 

9.1.41 1984 131 

10.1.41 1984 109 

11.1.41 1927 110 

12.1.41 - 83 

13.1.41 1956 106 

14.1.41 

15.1.41 

16.1.41 

17.1.41 

18.1.41 

.9.1.41 

.186 

IND 

PO 

r _ Blank sr 

ISM 

PPP 

IMP 

lab 

411. 

PP 

1871 80 0.7 0.6 

1871 65 1.8 1.2 

1842 101 3.7 3.7 

1757 60 6.7 4.0 

1814 80 2.0 1.6 

- 3.06 2.8 3.0 

'0.1.41 3.871 129 3.3 4.3 

INN 

12 10 

10 8 

184 120 

539 544 

159 95 

131 105 

54 57 

_ w 
*Blank 

has been deducted from both percentage and total ketones. 

1.0 g. per kg. 
(4 cc.) 

1.0 g. per kg. 
(4 cc.) 

2 x 1.0 g. per kg. 
(7.6 cc.) 

IMO 

1.0 g. per kg. 
(3.8 cc.) 

1.5 g. per kg. 
(5.8 cc.) 

1.5 g. per kg. 
(5.8 cc.) 

1.5 g. per kg. 
(5.8 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

2.0 g. per kg. 
(7.6 cc.) 



Lb,te. Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g% 

64. 

Total Urine 
urine Ketones 
Sugar in 
per 24 hr. mg.% 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

21.1.41 

22.1.41 

23.1.41 

24.1.41 

1899 

192'7 

1927 

1814 

310 

146 

114 

143 

1.9 

2.3 

0.9 

- 

2.1 

3.4 

1.0 

Y 

40 

44, 

- 2.0 g. per kg. 
(7,6 cc.) 

2,0 g. per kg. 
('7.6 cc.) 

2.0 g. per kg. 
(7.6 cc.) 

1110. 

25.1.41 1530 190 MID .411 440 4014 

26.1.41 140 1104 

27.1.41 1643 '72 OOP - POW Oa 

28.1.41 1'700 4? 4/0 441, OOP 

29.1.41 1700 143 .44 OOP NO 

30.1.41 1729 110 POD POO 

31,1.41 175? 90 AIM 

1,2.41 1 ?57 66 440 44. - 044 

2.2,41 116 O 440 

3. 2.41 1814 '73 IMO OOP 4110 

4.2.41 1785 196 PIPIM 41. POO Y 

5.2.41 1814 185 4110 444 4414 

6.2.41 1814 115 OOP we 444 

7.2.41 1814 14? POP 

8. 2. 41 1871 84 410. 

9.2.41 OS 169 4414 IOW 

10.2,41 1871 111 - 1114 

11.2.41 1871 169 OPP 040 010 

12.2.41 1814 134 - OOP 40 

13.2.41 1871 116 VW 

14.2.41 1814 88 404 NO Y 



i 

rate. Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g.% 

65. 

Total Urine 
Urine Ketones 
Sugar in 
per 24 hr. mg. 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

190. 

15.2.41 

16.2.41 

17.2.41 

18.2.41 

19.2.41 

20.2.41 

21.2.41 

22.2.41 

23.2.41 

24.2.41 

25.2.41 

26.2.41 

27.2.41 

28.2.41 

1.3.41 

2.3.41 

3.3.41 

1899 

1956 

1984 

1984 

1956 

1984 

2041 

a 

2055 

2069 

2083 

2097 

2097 

2069 

1984 

83 

158 

160 

117 

197 

180 

156 

95 

li`C: 

96 

105 

152 

127 

228 

136 

162 

23 

AO 

OM 

OW 

elm 

GIB 

111110 

IMO 

ON 

IMP 

110, 

41110 

MID 

40. 

AO 

- 

4110 

- 
MOO 

- 

DIBD. 

1.0 g. per kg. 
(4 cc.) 

2a1.Og. per kg. 
(8 cc.) 

1.0 g. per kg. 
(4 cc.) 

1.0 g. per kg. 
(4.2 cc.) 

1.5 g. per kg. 
(6.4 cc.) 

1.5 g. per kg. 
( 6.4 ce.) 

1.5 g. per kg. 
(6. 4 cc.) 

1.5 g. per kg. 
(6.4 cc.) 

1.5 g. per kg. 
(6.4 cc.) 



66. 

SUGAR TOLERANCE CURVE. (Rabbit 10) 

OÌNSECLJTIVj METHO L. 

te e 

1,4 

IX 

L241 

Blood Sugar in mg. per cent. 

Pasting 5min, 28min. 35min.58min. 65min.: 88min. 95min. 118min. 

131 268 205 224 

i 

131 189 169 201 172 

191 289 236 330 255 340 312 408 316 

122 262 192 278 171 239 144 258 140 



15.1.41 

16.1 41 

17.1.41 

18.1. 41 

19.1.41 

20.1.41 

21.1.41 

22.1.41 

23.1, 41 

24.1.41 

25.1.41 

26.1.41 

27.1.41 

28.1.41 

29,1.41 

30.1.41 

U.1.41 

1.2.41 

2.2.41 

3.2.41 

4.2.41 

. 2.41 

67. 

Rabbit 11. (Female) 

Bcdt Urine Urine Total Urine 
Weight Volume Sugar Urine Ketones 
in g. in cc. in Sugar in 

g.% per 24 hr. mg . % 
in g. 

Total 
Urine 
Ketones 
per 24 hr, 
in zig. 

A.P.B. 

192. 

1700 

1672 

1643 

1643 

1700 

1700 

17f3C 

17GC 

17CG 

1729 

- 

1729 

1,700 

1'729 

1700 

1'700 

170C 

- 

1757 

1757 

175'7 

68 

140 

130 

111 

133 

115 

146 

151 

94 

106 

142 

151 

95 

'72 

100 

38 

58 

20 

61 

170 

136 

15? 

- 

400 

IMO 

gat 

01, 

r 

7.7 

9.4 

r 

AINO 

.110 

- 

- 

- 

10.5 

14.8 

dos 

- 

Blank a 40* 

OM- 

Ma 

- 

41101. 

r 

r 

124 

129 

232 

r 

- 

MID 

- 

OOP 

51 

121 

201 

- 

411.0 

AIN 

1.0 g. per kg. 
(3.4 cc.) 

1.0 g. per kg. 
( 3.4 ce.) 

1.0 g. per kg. 
(3.4 cc.) 

2 xi. g.per kg. 
(6.8 cc.) 

1.5 g. per kg. 
5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 

Blank has been deducted from total, but not from percentage ketones. 

(5,4 cc.) 



- -- 
Date. Body 

Weight 
.in ,g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
7.% 

68. 

'Peta:l 
Urine 
Suc,*ar 
pc:r 24 hr. 
In g. 

Urine 
Ketones 
in 
mg. % 

19 3. 

Total A.P.S. 
Urine 
Ketones 
per 24 hr. 
in mg. 

6.2.41 

9.2.41 

8.2.41 

$.2.41 

10.2.41 

11.2s41 

12,2.41 

13.2.41 

14.2.41 

15;2.41 

16, 2.41 

, 17.2.41 

18.2.41 

19.2.41 

2C2.41 

81.2,41 

22.2.41 

z5.2.41 

?.42.41 

1'757 

1700 

1729 

., 

1785 

178b 

181.4 

175? 

1871 

1757 

- 

1814 

1814 

1814 

1814 

170C 

1'714 

- 

16C1 

125 

63 

80 

64 

105 

156 

152 

116 

51 

181 

12? 

87 

111 

128 

139 

35 

2GC 

143 

86 

6.0 

5.3 

5.0 

6.7 

7.0 

5.5 

2.8 

3.0 

1.1 

0.9 

0.04 

0.5 

- 

- 

- 

_ 

- 

- 

- 

7.5 

3.3 

4.0 

4.3 

7.4 

8.6 

4.3 

3.5 

0.6 

1.6 

0 .1 

0.4 

- 

- 

- 

- 

- 

- 

- 

52? 

'701 

86 

55 

30 

IMO 

IOW 

OW 

LOP 

410 

- 

609 

404 

37 

10 

- 

0111 

- 

- 

- 

- 

- 

1.5 g* per kg. 
(5.4 ca.) 

1.5 g. per kg. 
(5.4 cc.) 

1..5 g. per kg. 
(5,4 cc.) 

1.5 ¡Ter kg. 
( 5.4 cc.) 

1.5 g, per kg. 
(5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g, per kg. 
(5.4 cc.) 

1.5 g. per kg. 
( 5.4 cc.) 

1.5 g. per kg. 
(5.8 cc.) 

1.5 g. per kg. 
( 5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

1.5 g. per kg. 
(5.4 cc.) 

2.0 g. per kg. 
( ?.2 cc.) 

2.0 g. per kg. 
(7.2 cc.) 

2.0 g. per kg. 
('?.2 cc.) 

410 

op. 

Oa 



rate. Bo 
i ht 

in g. 

Urine 
Volume 
in cc. 

Ur 1n 
Sr.:gar 

g.% 

69. 

Total Urine 
Urire etones 
Sugar in 
per 24 hr. mg.% 
in g. 

Total 
'Urine 
Y et, ones. 
per ?4 hr. 
in mg. 

194. 
1/4 

A.P.E. 

25.2.41 1629 

26.2,41 1643 

27.2,.41 1587 

28.2.41 158'7 

13.3. 41 

76 

43 

35 

41. 

.......010167.11 

SUGAR TOLERANCE CURVE: 

CONSECUTIVE METHOD. 

-r- 
Fasting 5min. 28min. 

129 282 !I 212 

VS* 

*I* 

Blood Sugar in mg. per cent 
35min, 

345 

.41). 171 i 3C6 252 395 

119 268 1 183 315 3.41 

58min. f 65rnin. 88min. 1 95min. 118rain. 

224 

311 

199 

351 

452 

619 

230 

306 

203 

363 

513 

I 

224 

345 

172 



Lat.. 

70. 

Racbÿt 12. 

:](à Cy Urine U r i x18 
Weight Volume Sugar 
in g, in cc. in 

K.% 

(Female) 

Total trine 
Urine Letones 
sugar in 
per' 24 hr. mg. °6 

S.n g. 

: otal 
brine 
h e i'.0 ii.e s 
per 24 hr. 
in rig. 

iS. JC . B L 

195. 

25,2.']. 2197 210 

26. 2.41. 22.0 172 

rJ a ' 7¡r{a {^Ct 
1 . I./1 `Z G/d.ii iCli 

28.2,41 2211 180 

1.3.41 2168 191 

tw. 

232 2 
1 1 

{ry . 3. .... .t c.r 

4.3.41 2211 130' 

5.3.41 21.26 124 

fi, 3.41 2154 '72 

r(.3.41 2211 50 

6.3.4;. 2211 54 

9.3.41. N 40 

10.3.41 2211 174 

11,3.41 2267 68 

12,3.41 2211 66 

13.3.41 2239 67 

14.3.41 2267 75 

.5.3.41 2211 102 

Blank 
ryas 

ketones. 

4111 

- Blank a 14w 

IMO 

.00 

w 

r 

144 

4 

410 

2.0 3.5 

5.8 4.0 

2.3 1.5 

1.8 1.2 

2.0 1.5 

1.2 1,2 

been deducted from total, but 

w 

Ira 

41 

3&, 

'798 

413 

985 

1040 

not 

w 

4111 

4111 

41. 

041, 

AIM 

4111 

1.0 g. per kg. 

1.0 g,. per kg. 
;4.4 cc). 

- 2 x 1.0 ,7,. per kg. 
(8.8 cc.) 

.. 1.0 g. per kg. 
(4.` cc.) 

215 

518 

267 

728 

1047 

1.5 g. per kg. 
(6.8 cc.) 

1,5 g. per. kg. 
(6,4 cc.) 

1.5 g. per kg. 
( 6.6 cc.) 

1.5 g. per kg. 
(6.8 cc.) 

g, per kg. 
(6.4 cc.) 

1.5 

from percentage 



71. 

Body 
tv:ei zht 
in g, 

Urine 
'Volume 
in cc, 

Urine 
Sugar 
in 
g, % 

Total 
Urine 
Ru PT, r - ,,, 

per 24 hr 

Urine 
Ertones 
in 
rig. 4t 

in g.. 

18,3.41 

17,3,43. 

18.3.41 

19.3,41 

20.3.41 

21.3.41 

22,3.41 

23.3,41 

24,3,41 

25.3,41 

26,3,41 

24.4.41 

ola 

2239 

2211 

2211 

2267 

2295 

2267 

- 

2041 

1984 

2041 

DIED. 

67 

131 

12e 

138 

92 

125 

138 

116 

93 

260 

15 

0.7 

O. 2 

- 

IN* 

01` 

1110 

0.5 

0.3 

- 

11111. 

MON 

98 

58 

20 

440 

os. 

41/1 

11111D 

SUGA i TOLTt.AANCE WEIVE; 

CONSECUTIVE Mien L. 

2emin. 

282 

245 

Total 
rrl_nc 
rotcnes 
per 24 hr. 
in rig. 

56 

58 

7 2.0 g, per kg. 
(8.8 cc.) 

196. 

A.P.E. 

2.0 g. per 'kg. 
(8.8 cc,) 

- 
per kg. 

(8.8 cc.) 

- 2.0 g per kg. 
(8.8 oc.) 

2.0 g. per kg. 
(9.0 cc.) 

2.5 er kg. 
(11.2 cc.) 

MW 

Idem e. 

ccd sugar in mg. per cent. 

0.11400.0400.1111111 

35riin. 58-min. 65 min. 88min. 95min. 118rain. ... 

556 360 520 335 454 345 

494 286 509 247 539 296 

* This animal r(-)ceive d. four injections cf 5 cc. cf a. 10C per cent glucose solution instead cf 5 cc. of a 20 per cent glucose solution as in iiabbits 7, 9, 1C and 11. 



MoPPOPIOOPOOPPOPPrOPo 

Body 
Weight 
in g. 

UrAne 
Volume 
in cc. 

'72. 

Rabbit (Male) 

Urine 
sugar 
in 
g.% 

Total Urine 
Urine i(etunes 
Sugar in 
per 24 hr. mg.% 
in g, 

Total 
Urine 
Ketones 
per 24 hr. 
In 

A.P.Z. 

18,3.41 

li).3.41 

20.3,11 

21.3.41 

22.3.41 

2126 

2064 

20'69 

2097 

2041 

15') 

1O2 

10T, 

172 

11;,? 

POP 

OIO 

PPP 

POP 

POP 

OM 

ON 

POO 

POO 

-WO 

ONO 

POP 

OPP 

AMP 

00 

OP. 

POO 

PAP 

23,3.41 131 PIP Blank 28 PO. 

P,4, 1,41. 2183 114 10 NO MOO APO POO 

25.3.41 209'7 295 sam POO IPP 

26.3,41 2097 112 IMO AO POO 

27.3.41 2097 115 071 IMP IMP 

28,3,41 2007 145 PPP OW Ole osO 

29.3.41 2069 162 op, POP OOP 

Ze.Z.41 170 POI OW 

31,3,41 2041 203 POI %OP APP 

1.4.41 2041 136 OPP ma 

2,4.41 2012 61 apt 

3,4,41 
f 

2041 MOP 

4.4,41 2041 35 Oa 

5,4,41 2069 116 PPP 

6,4,41 
POP Opo 

7,4,41 2069 104 1.5 g. per kg. 
(6.3 cc.) 

8,4,41 2041 149 POP MO. 1.0 g. per kg. 
(4,6 cc.) 

10,4,41 2097 

2041 67 

59 row 

Oa 

IPP 

260 155 

552 309 

* Blank has been deducted from total, but not ketones. percentage 

1,5 g. per kg. g. 
ce,) 

1.5 g. per kg. (6.3 cc.) 



pate. 

01100. 

Betty Urinct, Urine Total 
3t :ht Volume nu[sar Urine 
in g. in cc. in - Snozar 

per '24 hr. 
g. 

11.4.41 

12.4.41 

13.4.41 

14.4.41 

15.4.41 

16.4.41 

19,4,41 

18.4.41 

19.4.41 

20.4.41 

21.4.41 

22.4.41 

23,4.41 

24.4.41 

25.4.41 

260,41 

2'7,4.41 

28.4.41 

13..._ 

29.4,41 

0.4.41 
1. 5. 41 

nrine Total 
Y.etorea 

th Ketones 
mr.% per 24 hr. 

In mg. 

A.P .E. 

2097 78 - - 20 0 1.5 g. per kg. 
(6.3 ec.) 

2183 123 6.2 7.6 52 30 1.5 g. per kg. 
( 6.6. cc.) 

- 112 8.8 9.9 730 809 1.5 g. per kg. 
C6.6 cc.) 

2154 139 9.8 13.6 932 1257 1.5 g. per kg. 
(3.3 cc.) 

2154 187 0.2 0.3 53 47 1.5 1. per lg. (6,3 cc.) 
2126 130 0.1 0.1 34 8 1.5 g. per kg. 

(6.3 cc.) 
2154 110 - - - - 1.5 g. per kg. 

(6.3 cc.) 
2183 132 0.2 0.3 - - 1.5 g. per kg. 

(6.3 cc.) 
2154 26C - - - - 1.5 g. par kg. 

(6.3c-c.) 

_ 221 - - - - 1.5 g. per kg. 
(6.3 cc.) 

21E4 246 _ _ _ _ 1.5 g. per kg. 
(6.3 cc.) 

218 3 192 - _ - - 1.5 g. per kg. 
(6.3 cc.) 

2069 279 410 1.5 per kg. 
(6.3 cc.) 

2041 360 

1956 136 410 411M 

1984 286 ea. 

1956 235 OIF MO, MU, .110 

1927 196 MO 

1955 202 OM. OM Mall 

1955 215 MO 

1842 253 ONO 



Lite.. Body 
iFht 
r. 

Urine 
Volrme 
in cc. 

Urine 
7-ogar 
in 
F 

74. 

Tot al 
Urire 
Fugsr 
Ter 24 hr. 
in g. 

Urine Total 
Ketones Urine 
in Ketones 

rer P4 br, 
in I. 

3.5.41 ON. 

INSULIN SENSITIVITY. 

lemin. 

04.74 

199.' 

A.P.E. 

KILLED. 

Blood Sugar in mg. per cent. 

4111 115 II 100 

4,41 131 

4,41 117 

+ minute 

* 

A,* 
142 

112 

80 

145 
if 

126 

1 minute 

4 2 minutes 

lt + 3 minutes 

4Cmln. 

61 78 1- 

151 14911- 

4v.it 

117 169 

5Cmiri. 60min 

78t 

2/ 151 



'75. 

Rabbit 14. (Male) 

&kV Urine Urine Total Urine Total 
;eight Velure iiugar Urine KetCnes Urine 
In g. in cc. in sugar in Ketones 

g. % per 24 hr. Ing..-A per 24 hr. 
in g. - in mg. 

25.4.41 

26.4.41 

27.4,41 

28.4.41 

2C12 

2012 

1984 

140 

16'7 

115 

155 

Oa OOP 

SIP 

nlankr, 

ONO 

CS. 

Of 

29,4.41 1984 148 INS 

, 30.4.41 1899 37 1., s. per kg. 
(6 cc. 

1.5.41 1927 66 AIM 
1.5 g. yi.)ir kg. 

(5.7 cc.) 

2,5.41 1984 1 .1'0 0.9 1.1 kg. 
(6 cc.) 

3,5.41 194 2c3 1.9 3.9 1.5 -pc,2 kg,. 
(E) cc .f 

4,5,41 - 1. 5,C c).4 1.5 g. per h 
(6 cc,,) 

5.5.41 1927 110 C4 0.4 64 61 1.5 gt57-,i7cigcK.,) 

6,5,41 1956 16C 32 37 1 5 .7. per kg. 
(58 cc.) 

7.5.41 7.5 oti 1.5 g. per kg, 
(5.8 ac,) 

8.5,41 1 :1P? ,7:''E` 4.4 lc C 1.5 g per kg. 
(5.8 ee.) 

9,5.41 1,427 1' 6,2 1.5 g. Dt7r kg. 
(5.8 ec.) 

1C,5.41 

11.5.41 

12 14r 

220 

0.9 / 

ge 

1.5 E. per kg, 
(5,7 cc.) 

12.5.41 13/I2 220 IP1 

13,5,41 1814 197 ORO 

14,5.41 1P14 151 MO 

* 131ank has been clecticted fron total, 
ketones. 

but not percentage 

', 

200. 



15.5.41 

16.5.41 

17.5.41 

18.5.41 

19.5.41 

20.5.41 

21.5.41 

22.5.41 

23.5.41 

24.5.41 

25.5.41 

26.5.41 

27.5.41 

28.5.41 

29.5,41 

3C.5.41 

31.5.41 

1.6.41 

Body 
Weight 
in g. 

Urine 
Volume 
in oe. 

Urine 
sugar 
in 
g.% 

1£314 

1757 

1785 

1757 

1757 

1757 

1757 

1729 

1757 

17C,C 

lriCC 

17C( 

16'7P 

1672 

2.6,41 17CiC 

3.6.41 

4,6.41 

5.6.41 

6,6,41 

7.6.41 

1729 

3.729 

17Ct: 

1672 

76. 

(7'otal Urine 
Urine 4etones 
guFar in 
per 24 hr. Trig.,t 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in rig. 

201. 

A.P.E. 

228 

156 au* 

850 

01. POO 

84 

2?4 00 

249 t0P 401, 

165 fie 

14C 
IPM 

129 VOA 00. 

122 00 

142 

157 

vrf 
1011 

12S c0, 
OP. 

00. see +01 

127 01. 

1.5 g. per kg. 
(5.1 cc. ) 

62 001. 1.5 f? per kg. 
(5.1 ee.) 

17C 1.5 g per kg. 
(5,1 cc.) 

142 1,5 g. per kg. 

1C3 et. 

(5,1 ea.) 

1.5 g. per kg. 
(5.1 cc.) 

011, 1.5 g. per kg. 
(5.1 cc.) 

121 a0, 

132 



BC d7 
'0:eiFht 
in 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g.% 

7'7. 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine Total 
Ketones Urine 
in Ketones 
mg.' per 24 hr. 

in mg, 

A.P.E. 

2G 2. 

8.6.41 

9.6.41 

10.6.41 

- 

1729 

1672 

161 

150 

132 

Sr, 

11100 410111 

4WD 

ame.*.....n.se...*a 

ION 

KILLE £. 

111111 

IN1ULIN SENSIT I viTy. 

Blood Sugar in rig. per cent 
Fasting 5min. 10min. 15rain. 

145 145 
w , 

165 168 

8'7 

Po0.0... 

2Cmin. I 25min. 30nin. 40min. 50min. 

135 122 103 

156 15F3 

82 82 ' 67 

1 minute 

2 minutes 

158 

53 

83 ir 74 

154 

51 

3 minutes 

65 '73 

159 t 161 156 

46 40 37 



Late. Body 
1`eight 
In g. 

Urine. 
Volume 
in cc. 

13.5,41 184 39 

14,5.41 2183 152 

15.5,41 2154 135 

16.5.41 2126 128 

17.5.41 2154 14C 

18.5.41 - 122 

19.5.41 2154 21C 

2t. .,:i 2239 8C 

21.5,41 2211 

22.5,41 2211 27 

23.5.41 2183 59 

24.5,41 2126 PC 

_ 97 

26.5.41 2(97 72 1,9 

27.5,41 2C69 68 

28.5,41 2154 IC3 

29.5,41 2(97 Qr7 
- f C a 9 

30.5.41 2(97 9C 

78. 

abb t 15, a (ale). 
drine 

gar 
In 

.% 

Tctal 
Urine 
Sugar 
per 24 hr. 
in. g. 

Tirine 
Ketcnes 
In 
mg.% 

Total 
Urine 
Ketones 
per 24 hr. 
in 119. 

203. 

OS, 

ee. 

(O. 

0.3 0.2 

0.6 0.6 

1.4 

2, 3 

Blank 20 

ay* 

0.0 

1,5 g. per kg. 
(6 cc.) 

1.5 g, per kg. 
(6.6 cc,) 

g. per kg,, 
(6.6 cc.) 

78 16 1.5.g. per kg, 
(6,6 cc.) 

190 ICC 1.5 g. per kg. g. 
cc,) 

148 118 1.5 g. per- kg. 
(6.3cc.) 

238 212 1.5 g. per kg. 
(6.3 cc.) 

249 165 1.5 .2; r) er kg. 
(6.3 ea.) 

115 119 

32 :12 1.5 

_ - 1.5 g, per kg. 
(6,3 cc.) 

1.5 g, per kg. 
(6,3 cc.) 

Blank has been deducted from total, but not percentage ketones. 

g. per kg. 
(6.0 cc.) 

LIEL. 



79. 

Rabbit 15. 

INSULIN SENSITIVITY. 

2C4, 

rasti:ng_ 5min, 

151 

Paced Sugar in mg. per cent 

_254n. 30min. 

98 101 109 

165 172 194 

193 190 183 '4 I 189 

* 
5,0 22 183 183 183 

5,41 18 
« 

178 174 176 
L_ 

t 
4 1 Tninute 

(7) v_nutes 

3 minutes. 



RC. 

'Rabbit 17. ( FemOR e 

2G 5. 

25.6.41 

Body 
Weight 

g. 

1814 

Urine 
Vcl.ume 
in cc. 

U ri ne 
ugar 
in. 
g.% 

ot 91 Urine 
Urine Ketones 
Sugar in 
pe r 24 br. mg. fe, 

in g, 

( Total .;_ u 
-, 

. 

Urine 
E. etcnes 
per 24 hr. 
in mg. 

17G 

M6.41 1785 135 IND 

27. c;.` 41 1814 240 - Blank .. 20 

2B.6.41 1242 246 01110 009 

29.6.41 - 16C 

30.6,41 1814 29,C` INV 

1.7.41 1214 175 veal 

2.7.41 P%6:% 162 

3,1.41 « 1.5 g. per kg. 
( 5 cc.) 

4.7.41 18,14 52 10. 1.5 g. per kg. 
( 5.4 cc.) 

5.7. 41 1F-Y-1 14 _. m _ N - itg 1.> g. a;>b e kg. 
(5,6 cc.) 

6.7;41 1814 115 0.1 G.1 3.3 22 1.5 g. per kg. 
_( 5.4 cc.; 

7.7.41 1643 14'7 - - 63 63 1.5 g. per kg. 
(4,8 cc,} 

8.7.41 15.5 63 - - 2G - - 

DIE I: . 

* Blank has been deducted from total, but not percentage 
ketones. 



7.te. 

6.'7.41 

7.17.41 

8.7.41 

g7.41 

1C.7.41 

11.7.41 

12.7.41 

13.7.41 

14.7.41 

15.7.41 

16.7.41 

17.7.41 

20.7.41 

21.7.41 

22,7.41 

24.7.41 

25.7.41 

26.7.41 

* Blank has been 
ketones. 

Al. 

RabbIt 

Body Urine Urine Total 
t:Neight Volume Sugar Urine 
in g. in cc. in Sugar 

per 24 
in g. 

(Pemale) 

Urine 
Ketones 
in 

hr. mg.% 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

206. 

A.P.E. 

1814 

1899 

192'7 

1814 

1814 

1927 

1871 

1899 

1984 

1956 

2C12 

1984 

1984 

1927 

2012 

2C12 

2012 

2041 

2012 

07...1.1, 
175 

ay. 151 

130 

210 

221 

249 

266 

310 

aJ, 1A2 

3C.8 

ea. 170 

187 

222 

253 

051. 174 

7, 

265 

316 C.1 

296 0.7 

de. 11B 

282 1.5 

elf 

elD 

VILV 

0.4 

2,0 

4.2 

Blank c 15 

01111 

CZ, 

"Al 

134 

IMO 

11401. 

ee.1 

GPO 

014 

We% 

410 

207 

Nee 

VIP 

ere 

001. 

MO. 

,111. 

1,5 g. per kg. 
(5.6 cc.) 

1.5 g. per kg. 
(6 cc..) 

1.5 g. per kg. 
(5.9 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

1.5 g per kg. 
(5.7 cc.) 

1.5 g. p er kg. 
-(5.9 cc.) 

1.5 g. per kg. 
(5.9 cc.) 

1.5 g. per kg. 
(5.9 cc,; 

1.5 g. per kg. 
(5,') cc.) 

1.5 g. per kg, 
(5.9 ce.) 

de(ucted_ from total, but nct percentage 



.. 

7Dste. 

i 

27.'7.41 

28.7.41 

29,7.41 

30.7.41 

31.7.41 

1.8,41 

2.9.41 

3.8.41 

4.8.41 

82. 207. 

Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g.; 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine 
Ketones 
in 
mg. % 

Total A.P.B. 
Urine 
Ketones 
per 24 hr. 
in mg. 

- 159 1.8 2.9 IRO 1.5 g. per kg. 
(5.9 cc.) 

2041 280 4.4 12.3 - - 1.5 g. per kg. 
(6.0 ce.) 

1984 14? 0.8 1.2 a - 1.5 g. p eV kg. 
( 5.9 cc.) 

2041 119 1.5 g. per kg. 
(6.0 cc.) 

1984 172 - 

MID 1984 297 AND 

1984 112 SO 

1984 355 

1984 222 - - .- DIB D. 

INSULIN SENSITIVITY. 

'asting 

13,; 

205 

245 

5min. 

136 

203 

237 

Blood Sugar in mg .er cent 
lt7min. 15min. 20min. 25min. 30min. 40min. 50min. 

110 t 101 85 73 58 46 4? II- 

196 172 156 1401- 136 126 120 

230 233 226 224 212 212 212 

i minute 

+ 2 minutes 

Jk 3 minutes 

- + 4 minutes 



Rabbit 

Bc dy Urine Urine 
Weight \lc lurie Sugar 
in g. in cc. in 

ge% 

3.8,41 1814 148 

4.9.41 1785 313 

5,8.41 in14 115 

6.8.41 1757 2CC 

7.8.41 1757 204 

8,8.41 153C 133 

9.8,41 1643 62 

1C.8.41 40 

11,8441 100 

12.8.41 1757 2F3 

13.8.41 164.3 79 

14,8,41 :1587 41 

15 .S.41 1530 

16,8.41 1587 

17.8.41 115 

Sc) 

18.8.41 153e 20( 

19.8.41 

2(.8,41 

21,8,41 

22,8,41 

1473 295 

1473 91 

1417 143 

136G 87 

OP. 

aVa 

ova 

83. 

2C. (Male) 

Tet9.1 
Urine 
Sugar 
per 24 hr. 
In g. 

(V& 

-1^ 

ar0 

Urine Tcta1 
Ketones Urine 

Ketones 
mg. % per 24 hr. 

in mg. 

die 

407 

208. 

A.P.E. 

IMO 

Iaa 

MOO 

/Ma 

AIM 

Ina 

ale 

1.5 g, per kg. 
(4.8 cc.) 

1.5 g. per kg, 
(4.8 cc.) 

1.5 g. per kg. 
(5.4 cc. ) 

1.5 Æ. per kg. 
.(5.2 ee) 

1.5 g. per kg. 
(4,8 cc.) 

1.5 g, per kg. 
(4,8 cc.) 

1.5 g. per kg. 
(4.5 cc. ) 

1.f5 g. per kg. 
(4.8 cc.) 

1.5 g. por kg. 
(4,8 cc.) 

1.5 

aka 

hILLEL. 

g. per kg. 
.(4.5 cc.) 

pea 



Late. Body urine Urine Total 
Weight Ve lurne Sugar Urine 
in g. in ee. in Sugar 

g.% per 24 hr, 
in g. 

_ 

84. 

Rabbi t 21. ( Fenale 

23.9.41 

24.9.41 

25.9.41 

26.9.41 

27.9.41 

2E3.9.41 

29.9.41 

30.9.41 

1.1C.41 

2.10.41 

3.10.41 

4.10.41 

5.10.41 

6.10.41 

' 7.10.41 

8.10.41 

9.10.41 

10.10.41 

11.10.41 

. 

Urine Total 
Ketones Urine 
in iletones 
rag.% per 24 hr. 

in mg. 

A.P. E. 

2C9 . 

1984 

1994 

2C41 

149 

94 

178 trwO CVO 

411I 

NEO 

1147 

es. 00 

1984 151 woo ISM 

1984 123 a, ow Aller 

62 lea OS 

1927 23C WO 

1956 83 P1 mow 

2126 12C 47,9 

2183 194 - _ - - 1.5 g. per kg. 
(6.8 cc.) 

2154 68 - _ _ - 1.5 g, per kg. 
(6.3 cc.) 

2C97 98 11171, 115. 1.5 g, per kg. 
(6.2 cc. 

- 159 - 1.5 g. L)Ci kg. 
(6-.2 cc.) 

2C41 233 - - 1.5 g. per kg. 
(6.( cc.) 

2C97 73 _ _ - - 1.5 g. per kg. 
(6.2 de.) 

2C41 129 AID 1.5 g. per kg. 
(6.0 cc,) 

2154 125 1.5 g. per kg. 
(6.0 ce.) 

2211 179 4 4 7.9 - - 1.5 g. per kg. 
( 6, 6 cc.,) 

2154 187 2.8 5.1 - - 1.5 g. per 'kg. 

.... 199 0.1 C.2 - 
(6.0 cc. ) 

1.5 g, per kg. 

2211 164 1.1 1.8 - .. 

(6.0 cc.) 

1.5 g. per kg. 
(6.2 cc.) 



85. 210, 

41!.1. Body Urine Urine Total Urine Total A.P.E. 
Weight Volume Sugar urine Ketones Urine 
in g. in cc. in Sugar in Ketones 

g.% per 24 hr. mg. % per 24 hr. 
in g. in rig. 

1710.41 

18,10.41 

19.1C.41 

20.10.41 

21. 10 41 

22.10.41 

2239 

2267 

2239 

2154 

2126 

1927 

1842 

1757 

269 

2C9 

24C 

235 

14C 

112 

295 

255 

89 

0.6 

1.6 

0.2 

1.7 

3.3 

0.5 

saw 

F 

vo. 

0.11 

Os 

MID 

OD 1.5 g. per kg. 
(6.6 cc.) 

1.5 g. per kg. 
(6.6 cc.) 

1.5 g. per kg. 
(.6 cc.) 

1111 ego 

KILLEr, 

IISULII 

Bleed Sugar in mg. per cent 

Fasting 5min. 1Cmin. 15rin. 20nin. 25min. 

127. 

154 

* 
119 108* 94 81 69 63 69 80 

* * 4k 
147 136 122 121 115 110 115 119 

112 1C9 103 96 83 74 51 

1r. 1 minute. 



86. 

Rabbit 22. (Female) 

rate. Body Urine Urine 
Weight Volume Sugar 
in g. in cc. in 

g.% 

Total Urine 
Urine Kr.tnnes 
Sugar in 
per 24 hr. mg.% 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.E. 

211, 

14.1C.41 

15.10.41 

16.10.41 

17.10,41 

18.1C.41 

19.10.41 

2C.1C.41 

21.10.41 

22.1(.41 

23.10.41 

24.10.41 

.IC.41 

27.10.41 

28.10.41 

29.1C.41 

3C.].0.41 

2211 

209'7 

2154 

2211 

2211 

2211 

2154 

2211 

226'7 

2183 

2183 

- 

2211 

2211 

223') 

2154 

2154 

2154 

158 

205 

244 

186 

166 

112 

115 

179 

82 

98 

130 

21 

13 

93 

1,:F4 

, " 

112 

171 

285 

ono 

WO 

gas 

ola 

41.4 

61114 

aft 

1.3 

1.4 

4.7 

6.2 

6,6 

41. 

gib 

4.6 

Nolr 

4.1 

4111 

INN 

44. 

C-.C3 

1.4 

0,9 

5.3 

10.6 

18.7 

4401. 

Sr* 

Blanket 20* 

404 

ao 

IOW 

OOP 

41/11. 

*IA 

166 

105 

40144 

On. 

to. 

INV 

IMO 

250 

242 

AM. 

Met 

.11 

.111 

110 

44411 

4/. 

1.5 g, per kg. 
(6.8 cc.) 

1.5 g. per kg. 
(6.4 cc.) 

1.5 g, per kg. 
(6.4 cc.) 

1.5 g. per kg. 
(6. 4 cc.) 

1.5 g. per kg. 
(6.6 cc.) 

1.5 g, per kg. 
( 6. 6 cc. ) 

1.5 g. per kg. 
(6.6 cc.) 

1.5 g. per kg. 
(6.3 cc.) 

1.5 g. per kg. 
(6.3 cc.) 

1.5 g, per kg. 
(6.3 cc.) 

1.5 g. per kg. 

4 Blank has been deCnetct: frcr total, but not percentage 
ketones. 

(6.3 cc.) 



Body 
Weight 
in g. 

Urine 
Volume.: 
in cc. 

Urine 
Si.r.ar 
in 

87. 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine 
Ketones 
in 
rig.% 

Total 
Urine 
Ketones 
Toer 24 hr. 
in rig. 

212. 

A.P.E. 

3,11.41 2C97 282 9,.c 22.6 65 127 1.5 g. per kg. 
(6.2 cc.) 

4.11.41 2C,9'7 237 8.7 15.8 65 107 1.5 76, per kg. 
(6.2 cc.) 

5,11.41 2193 171 n re, ) 
t ,,, 12,2 - - 1.5 g. Der kg. 

6.11.41 2154 271 -°® 3 9.0 - - 1.5 g. per kg. 
(6.3 cc.) 

7,11.41 2211 17C 2.4 4.1 - - 1.5 g. per kg. 
(6.6. cc.) 

8.11.41 2154 226 ,,.1 .,.., ,:f., 0 c74 ,-0- - - 1.5 g. per kg. 
(6.3 cc.) 

9,11.41 - 31C - - 1.5 g. per kg. 
(6.3 cc.) 

10.11.1 1927 124 - - - 

11.11,41 2012 127 0.0 1.11. 

12.11,41 1927 12C _ _ Oft 

13.11.41 1994 92 - tn. 

14.11.41 2C41 194 _ Ole 

L.11.41 2C41 17G COO .ann OW 

16.11.41 - 1L,9 - - - - .. 

1'7.11.41 2012 230 _ - Rt, 

18.11.41 2041 99 Oft 



re 
88. 

Aab: it 22. 

IN SE14SITIVIlv. 

Bleed Sugar in Mg. per cent- 
. 

Fasting 5min. 10min. 15mind 20min. 25min. 30min. 40min, 50min, 

213. 

119 

10,41 160 

11,41 163 

115 109 98 83 I 80 78 89 92 

165 160 151 142 I 136 135 133 138 

* 
180 171 163 160 142 140 133 149 

* * 
156 147 145 140 147 160 178 

** * * 
105 100 94 74 69 62 71 78 

11,41 162 162 

,11.41 138 

1 minute 

*it + 2 minutes 

f 3 minutes 

C.....011.11114 



Late. 

_---_ 
14.2.42 

15.2.42 

16.2.42 

1'7,2.42 

1ß.2.42 

19.2.42 

20.2.42 

21.2,42 

22,2.42 

23,2.42 

24,2,42 

25.2.42 

26.2.42 

27,2.42 

28.2.42 

1.3.42 

2,3.42 

99. 214. 

Rabbit 24. (M/Leli 

Body 
eight 
in p. 

_______ 

Urine 
Volume 
in cc, 

Urine 
Sugar 
in 
P. A; 

Total Urine 
Urine etones 
c-urrar in 
per 24 hr . mg. 
in g. 

Total A.P.E. 
Urine 
Yetones 
p er 24 hr. 
in rag. 

1927 

- 

1956 

11-) 

94 

es A 
,.:, 

_ 

- 
_ 

410 

Blank e 22* 

=1.1. 

1.10 

1927 5e 1,5 g. per kg. 
(5.7 cc.) 

1871 48 *MO 1.5 g, per kg. 
(5.6 cc. 

1927 - - - - - 1.5 g. per kg. 
(5.7 cc ; 

' P ) ; 54 - - - 1.5 g. per kg. 
(5.7 cc.) 

1P,)--;,. 1C( C.3 0.3 173 151 1.5 g, per kg. 
(5.7 cc.) 

1.17 ;%1 C.2 140 233 1.5 g. -oer krz. 
(5.7 cc.) Ii C - - 75 3 2, 1.5 g. per kg. 
(5.6 cc.) 

1f171 172 ( ,,14 C.5 _ 1.5 g. 1 er kg. 
(5.6 cc./ 

1814 

1814 

FC 

64 

c.7 

(..F, 

C t, 

c.3 

98 

_ 

38 

- 

1.5 (7 -nor kp- 
(5.6 cc., 

1.5 p. p r kn. 
( 5.6 cc. ) 

1E114 

3.814 

)7 

11.5 

, 
1.4 

_ 

1.7 

- 

- 

- 

- 

- 

- 
_ 17F,, 1.1 1.9 _ _ 1.5 g. per ka. 

5.6 ca.) 

1757 dee gr. 1.5 T)er kg, 
(5.4 cc.) 

1814 1.5 g. per kg. 
(5.6 cc.) 

4,3,42 1814 1.5 g. per kg. 
(5.6 cc.) 

4 Blank has been deducted from total, but not percentage 
ketones. 



late. Bcdy Urine Urine 
Weiglit Volume Sugar 
in g. in cc. in 

g. 

90. 

Total Urine 
Urine Ketcnes 
Sugar in 
per 24 hr. 
in g 

Total 
Urine 
Ketcnes 
per 24 hr. 
in mg. 

215. 

6.3.42 

7.3.42 

8.3.42 

93.42 

10.3.42 

11.3.42 

12.3,42 

13.3,42 

14.3.42 

15.3,42 

16,3,42 

17.3.42 

18.3.42 

19.3,42 

1814 

1814 

1814 

18.14 

1814 

1871 

1814 

1814 

1873. 

1814 

1814 

1814 

3.814 

114 

98 

126 

165 

137 

166 

211 

115 

262 

153 

135 

262 

161 

199 

la 
59 

0.5 

0.1 

1.1 

2.3 

2.5 

2.6 

2.4 

0.8 

0.4 

0.2 

0.1 

- 

- 

- 

0.5 

0.2 

3.2 

4.2 

t J. 

3.3 

2.0 

0.6 
0,3 

0.2 

- 

- 

01, 

al> 

ITO 

-11E, 

40. 

401 

0. 

1.5 g. per kg. 
(5.2 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

1.1 g. per kg. 
(3.9 cc.) 

1.5 g. r, er kg. 
( 5.6 cc. 

1.0 g. per kg. 
(4 cc.) 

SUGAR TOL17;gZADOE: 

SINGLE METHOD. 

5min. 1Crein. 

298 286 

Blocd Sugar in mg. per cent. 
20min. 25min. 30min. i 41min. 

270 250 235 214 

140 1 311 286 

4- 1 minute 

276 I 264 260 

t 2 minutes. 

1831' 156 t 
260 260 



te. Body 
Weight 
in g. 

Urine 
VoluTrie 
in cc.- 

91. 216. 

Rabbit 25. (Male) 

Urine 
Sugar 
in 
Pt.A 

Total Urine 
Urine Ketones 
Sugar in 
per 24 hr. mg.) 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

18,2.42 

19.2.42 

20.2.42 

21.2.42 

2.2.42 

23.2.42 

24.2.42 

25.2.42 

26.2.42 

27.2.42 

28,2,42 

1.3.42 

2.3.42 

3.3,42 

4.3.42 

5.3,42 

6.3,42 

7.3.42 

8.3,42 

9.3.42 

2041 

2012 

2041 

2041 

2041 

2041 

2041 

2069 

2041 

-2012 

MI6 

1984 

1127 

1927 

1871 

1814 

1814 

- 

1927 

96 

157 

186 

122 

183 

149 

84 

130 

135 

142 

82 

126 

18 

66 

27 

43 

34 

70 

.11 

- 

Oa 

C.6 

0.7 

2.6 

1.6 

MIA 

- 

411/0 

OW 

0,4 

ME 

0.3 

0.9 

1.1 

CAW 

Blank s 28 

4170 

3'79 

70 

620 

129 

143 

110 

AIM 

OP 

OWN. 

186 

8 

391 

27 

50 

28 

OAP 

ANI 

IOW 

OM 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. p-r kg. 
(5.7 cc.) 

1.5 g.. per kg. 
(5.7 cc.) 

1,F. g. per kg. 
(5.6 cc.) 

1.5 g. per kg. 
(5,6 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

1.5 g. per kg. 
(5.6 cc.) 

11, 

* Blank has been deducted from total, but not percentage ketones, 



92. 

Late. Body Urine Urine Total Urine Total 
Weight Volume Sugar Urine Ketones Urine 
In g. in cc. in Sugar in Ketones 

7.A per 24 hr. mg.* per 24 hr. 
in g. in mg. 

10.3.42 

11,3.42 

12.3.42 

13.3.42 

14.3.42 

15.3,42 

16,3,42 

1.7.3.42 

18.3.42 

19.3.42 

7.4.42 

1927 74 0.3 02 
1984 110 0.1 0.1 

2C12 183 

1927 194 

1984 168 

170 

1956 185 

1927 1.78 

1984 195 

1984 145 

LIED. 

SUGAR TOLERANCE: 

SINGLE M ;MC L. 

WWI 

wet 

gal 

Oa 

at* 

21 '7, 

Fasting 5min. 

1C3 235 

14C 228 

* 

+ 2 minutes 

Blood Sugar in g. per cent 
lemin. 15min. 2Crin. 

ow' 
207 I 178 

207 I 201* 

1 minute 

25min. 
1 30min, 40min. 5Cmin, 

158 138 126 114 

185 78 178 183 

44 I- 3 minutes 

101 1r 

183 



Body 
W'e i gla t 
in g. 

Urine, 
Volume 
in cc. 

Rabbit 26. (Male) 

Urine 
Sugar 
in 
g. A 

1.4.42 2097 92 

2.4.42 2097 92 

3,4.42 21:41 181 

4, 4.4.2 2C41 217 

Total Urine 
Urine Ketones 
Sugar in 
per 24 hr. mg.% 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

A.P.L. 

000 IWO 

. Blank : 50 

IWO 

r 

5.4, 42 

6 4 4 2 

7,4.42 

544.42 

9.4,42 

10.4.42 

11.4.42 

12,4.42 

13.4.42 

14.4.42 

15.4.42 

16.4.42 

17.4.42 

.. 

2, ' w 

1984 

2C41 

2C41 

ry 

2G12 

2C41 

- 

2C,69 

2C69 

2041 

2154 

2211 

93 

1'C'- . 

F 5 
f 

44 

56 

89 

38 

4 

147 

50 

66 

'1 e 

C1, 

3.8 

ú.4 

v p tï 

3.0 

2,3 

0.8 

1.1 

2,9 

2.1 

1.6 

3.1 

..,_. 

7, V 

4,4. 

1.2 

0.6 

410 

CON 

OW 

Oft 

82C 

4 5 C 

*10 

111. 

,. 

.. 

695 

216 

- 

- 

LIE D. 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
( 6 cc.) 

1.5 g. per kg. 
(6 ec.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6 ec.) 

1.5 g. per kg. 
(6 cc.) 

1.5 g. per kg. 
(6.3 cc.) 

* 

dank has been deducted from total, but not percentage 
ketcnes. 

1 



q4. 

Rabbit 26. 

SUCIA'it TOLERANCE: 

.1INOLE 14474 CL. 

219. 

Bleed Sugar in. mg. per cent 
'te. 

Fasting 5 min. 10min. ' 15min. 20nin. 25nin. 3crrin. 40min. 50min. 

Isr 

4,12 133 282 241 212 190 169 158 138 124 

17 
4.12 2C9 311 3C4 

i 296 284 270 270 270 256 

1 minute. 

+4 

5 ninutes. 



1st e Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

23.4,42 2324 59 

24.4.42 2324 142 

25.4.42 2324 252 

26.4.42 _ 64 

27. 4. 42 2352 150 

28.4.42 2390 X. 

29.4.42 2380 9C 

3C.4,42 2267 110 

1.5.42 2267 70 

2.5.42 2267 54 

95. 

Rabbit 2R (Female). 

Urine Total Urine Total 
Sugar Urine ii-etones Urine 

A.P.E. 

a in Sugar in Ketones 
g.% per 24 hr. mg. per 24 hr. 

in g. in mg. 

7 
220. 

IOW 

* 
- - Blank = 29 

- - _ 1.5 g. per kg. 
(6.7 cc.) 

- - - - 1.5 g. per kg. 
(6.7 cc.) 

- 

_ 

- 

- 

- 

- 

- 

- 

364 

- 

- 

268 

1.5 g. per kg. 
(7 cc) 

1.5 g. per kg. 
(7 cc.) 

1.5 g. per kg. 
(7 cc.) 

0.5 0.5 42 14 1.5 g. per kg. 
(6.7 cc.) 

0.5 0.4 - _ 1.5 g. per kg. 
(6.7 cc.) 

3.4 1.8 115 46 - 

LI E L . 

SUGAR TOLERANCE: 

SINGLE MEP}i0t. 

Blood Sugar in mg. per cent 

DaFting 5min. 
, 

10nin. 15min. amin. 2amin. 3Cnin. 40min. 50min. 

158 

222 

272 

321 

256 

296 

t 23C 

272 

224 

262 

203 

245 

194 

243 

163 

239 

151 

239 

Blank hap been deducted from the total, but not 
Percentage ketones. 



Date. 

96. 

Rabbit 29. (Pena 

Body Urine Urine Total Urine 
Weight Volume Sugar Urine Ketones 
in g. in cc. in Sugar in 

g..% per 24 hr. gag. 
in g. 

Total 
Urine 
Ketones 
per 24 hr. 
in mg. 

221. 

A.P.E. 

27,4.42 1984 160 - dew OP - 

28:4.42 2041 147 - - Blank a 41 OP 

29.4,42 2012 83 - ale 

30,4,42 2012 125 - - ado - 

1,5,42 2041 175 - IMP 

2,5.42 2012 126 - - 1110. 1.5 g. per kg. 
(6 cc.) 

3.6.42 -- 28 - . - - - 1.5 g. lier kg. 
(6 cc.) 

4.5.42 1984 96 - - - - 1.5 g. per kg. 
( 6 cc.) 

5.5.42 1956 56 - - - - 1.5 g. er kg. 
(5-.7 cc. ) 

6,5.42 2041 5G - - - - 1.5 g. per kg. 
(6 cc.) 

7.5.42 2041 57 - - - - 1.5 g. per kg. 
( 6 cc.) 

8.5.42 2012 '75 2.7 2.0 - - 1.5 g. per kg. 
(6 cc.) 

9.5,42 1984 94 0.1 C.1 - - 1.5 g. per kg. 
(6 cc.) 

105.42 - 89 1.8 1.6 - - 1.5 g. per kg. 
( 6 cc.) 

11,5.42 1956 22 - - - - 1.5 g. per kg. 
(5.7 cc.) 

12.5.42 1956 34 - - 6'37 213 1.5 g. per kg. 
(5.7 cc.) 

13.5.42 1899 26 - - 390 93. 1.5 g. per kg. 
( 5.7 cc.) 

! 14.5.42 1899 248 - -. - 
15.5.42 1927 225 - - - - 11 

* Blank has been deducted from the total, but not percentage 
ketones. 



late. 

16.5.42 

17.5.42 

18.5.42 

19.5.42 

2C.5.42 

21.5.42 

22.5.42 

23.5.42 

24.5.42 

25.5.42 

26.5.42 

217,5.42 

28.5.42 

29,5.42 

30.5.42 

31.5.42 

Body 
Weight 
in g. 

Urine 
Volume 
in cc. 

Urine 
Sugar 
in 
g. % 

9'7. 

Total 
urine 
Sugar 
per 24 hr. 
in g. 

Urine 
Ketones 
in 
mg .% 

Total 
Urine 
hetones 
per 24 hr. 
in mg. 

A.P.E. 

1927 

1956 

1956 

1956 

1984 

1970 

1927 

ale 

1956 

19S4 

1984 

1984 

1984 

1956 

VIVO 

212 

143 

103 

101 

178 

165 

140 

124 

128 

110 

89 

163 

'73 

115 

171 

VON. 

vow 

VW. 

ele 

owe 

Mae 

WV, 

WIP 

Val 

IVA 

VlO 

IWO 

4101, 

vvra 

SAP 

41. 

VW, 

WV 

1010. 

egai 

:Pa 

40 If 

WO 

wal 

Me. 

MN` 

vMW 

SIMI 

1110 

1.6.42 1984 

2C.6.42 

Fasting 

133 

121 

minute. 

KILLED. 

SUGAR TOLERANCE: 

SINGLE METHOD. 

5 min. LOrnin. 

249 239 

230 215 

Blood Sugar in mg. per cent 

2Cmin. 

194 

174 

25min. 30min. 5Cmin. 

176 162 
-11E- 

153 140 

145 140 

119 109 

2 minutes. 

I' 1 



UPI 

Late. Body 
Vveight 

g. 

Urine 
Volume 
in cc. 

4,5.42 1927 121 

5,5,42 1984 91 

6,5,42 1927 148 

7,5.42 1984 56 

9,5,42 1984 142 

9,5,42 1984 95 

10.5.42 17C 

11.5.42 2C12 36 

12.5,42 1984 47 

13.5.42 1927 79 

14,5.42 1927 169 

15.5.42 1927 114 

16.5.42 1956 92 

17.5.42 34 

189r) 12C 

25 

P 

21..42 1999 31 

22.5.42 1927.. 39 

23.5.42 1956 48 

9s. 

Rabbit - (Female) 

Urine Total 
Sugar urine 
In Fugar 

per 24 hr 
g. 

Urine Total 
Ketcrif.3s Urine 
in K o.ne s 
mg.% per 24 hr.. 

in mg. 

A.P.E. 

223. I 

.10 

131ank 42 

WIN 

ONO 

MOP 

ON, 

1.5 g. per kg. 
(5.7 cc.) 

1.5 g.per kg. 
(5.7 cc.) 

1.5 g. per kg. 
(5.7 cc.) 

3...5 g. 1.-,er kg. 
(5.7 cc.) 

1.5 per kg. 
(5.7 cc.) 

1.5 g. per kg. 

T.0 

P 

4.0 

Ç 

1.1 81 

10 

15 

( 6 cc.) 

1.5 g. per kg. 
ce.) 

1.5 g. per kg. 
-(5.7 cc.) 

1.5 g. per kg. 

1.1 

Blank has been decucted from total, but not percentage ketones. 

(5.7 cc.) 

1.5 g. per kg. 
(5.8 cc.) 



99. 

Late. Body Urine Urine Total Urine Total 
Weight Volume Sugar Urine l'etones Urine 
in g. in cc. in Sugar in Ketones 

g.% per 24 hr. mg.Y per 24 hr, 
In g. in mg. 

24.5.4'2 

25.5.42 

7C 

Fastinrr 5min, 

114 249 231 

168 311 294 

0.9 0.7 

2 24. 

A.P.E. 

0,6 0.4 LIE D. 

SUGAR TOLhRANCE: 

SINGLE Y2TH0D. 

Blood Sugar in mg. per cent 

LOmin. 15min. 20min. 25min. 30min. 4Cmin. 1 5Cmln. 
--__ 

1 

, 

212 187 ' 171 140 119 
1 

I 107 
1 

276 1 262 i 254 4242 235 230 



Late. e.cdy Urine 
Weight Volume 
in g. in cc. 

tab- it 31. (lernale). 

Urine 
ugar 

Total 
Urine 
Sugar 
per 24 hr. 
in g. 

Urine 
e tones 

in 

Total 
Urine 
Ketones 
per 24 nr. 
in mg. 

2 25. 

A.V.L. 

19.5.42 

20.5.42 

21.5.42 

22.5.42 

2239 

2239 

2211 

2211 

34 

143 

114 

8C Blank r. 

Alp 

45 

VIVO 

ON. 

23.5.42 2211 90 IPO so& 

24,5.42 9C IN& 

25.5.42 2126 116 IN 1.5 gE, per kg. 
(6.3 cc.) 

26,5,42 2154 62 - 1.5 g. per kg. 
(6.3 cc.) 

275.42 2154 16C 1.3 2.1 1.5 g. per kg. 
(6.3 cc.) 

28.5.42 2C97 72 C.2 C.1 1.5 g. per kg. 
(6.3 cc.) 

29.5.42 2C97 55 2.5 1.4 1.5 g. per kg. 
( 6.3 cc.) 

3C.5,42 2Cc37 69 ni , ..,_,_ c.7 1.5 g per kg. 
(6.3 cc.) 

31,5.42 - 155 4.4 6.9 1.5 g. per kg. 
(6.3 cc.) 

2211 196 '7.0 13.7 189 282 1.5 g. per kg. 
(6.6 cc.) 

2197 292 6,4 18.8 334 843 1.5 g. per kg. 
(6.6 cc.) 

3,6.42 2211 288 '7,3 21.1 465 1210 1.5 g. per.kg. 
(6.6 cc.) 

4.6.42 2154 33O 9.9 32.7 562 lrie 6 

6,6,42 2239 114 4.4 5.0 410 

6.6.42 2183 2CC - 
NNW. 

'1.6,42 - 15C - - .11. WA. 

B.6.42 2126 180 - - 
Blank has been deducte6 from totR1, but not percentage 
ketones. 



111. te. Body Urine Urine 
'6'e,ight Volume Sugar 
in 7. in cc. in 

g. ;4, 

101. 

Total 
Urine 
Sugar 
per 24 
in g. 

Urine 
e tones 

in 
hr. mg.. 

Total 
Urine 
h et ones 
per 24 hr. 
in mg. 

226. 1 

9,6,42 

10.6À2 

11.6.42 

12.v.42 

13.6.42 

13.7.42 

2168 178 

2069 2CC 

2C83 129 

2069 87 

2097 123 

KILLEL. 

41. 

00. 

SUGAi TOLTAANGE: 

!-,INGLE 141.0TE.CD. 

Blood Sugar in mg. per cent - 7 

Farting 5min. 10min. 15min. 2Cmln, 25min. 

5,42 160 295 270 252 226 

5,42 203 338 306 278 258 

212 I 184 

1 mlnute, 

ORO 

art 

3Cmin. 4Cmin. 50min. 

21f3 

7,42 130 296 252 

194 158 I 128 

239 235 230 225 

162 1,18 119 99. 

2 minutes. 



late. 

tiabbit 

102. 

32. (ltale) 

'body Urine Urine Total Urine Total eight Volume sugar Urine Ketones Urine in g. in cc. in sugar in etones 
g.% per 24 hr. mg.% per 24 hr. 

in g. in mg. 

29,5.42 

5C.5.42 

51.b.42 

1,6.42 

2.6.42 

3.642 

4.6.42 

5.6.42 

6,6.42 

7.6.42 

8.6.42 

li 9,0.42 
1 

1C.0.42 

11.6.42 

12.6.42 

13,0,4c,-: 

14.6.42 

15,6.42 

16.6.42 

7.6.42 

227. 

A.P.E. 

2211 

2183 

- 
2239 

2267 

2295 

2295 

2352 

2352 

- 

2380 

2366 

2352 

2437 

2437 

2437 

23BC 

2395 

2380 

15C 

145 

313 

136 

21( 

2C8 

233 

271 

253 

126 

14C 

283 

240 

263 

257 

282 

285 

234 

190 

265 

.111 

- 

C.5 

0.1 

0.5 

4.9 

4.9 

7.8 

9.7 

2.5 

0.3 
_ 

Oa 

.111 

ea 

0.4 

1.1 

12.9 

12.6 

21.9, 

27.5 

5.9 

C.5 

- 

Blank .. 

170. 

01. 

.111. 

egalb 

- 

34 1111. 

0011 

41119 

SI% 

Cf. 

OISS 

P 

1.5 g. per kg. 
(6,9 cc.) 

1.5 g. per kg. 
(6.9 cc. ) 

1.5 g. per kg. 
(7.1 cc.) 

1.5 g. per kg. 
-(6.9 ce.) 

1.5 g. per kg. 
(6.9 cc.) 

1.5 g. per kg. 
(7.2 cc.) 

1.5 g. per kg. 
(7.2 cc.) 

1.5 g. per kg. 
(7.2 cc.) 

1.5 g. per kg. 
(7.2 cc.) 

1.5 g. per kg. 
cc.) 

ea, 

* Blank has been deducted fron total, but not percentage ketones. 



Lete. Urine 
Weight Volume 
in g. in cc. 

Urine 
53ugar 
in 

103. 

Total 
Urine 
gil ar 

g.% per 24 hr. 
in g. * 

Urine 
Ketones 
in 
mg-% 

2 28. 

Total A.P.E. 
Urine 
hetones 
per 24 hr. 
in mg. 

1P. C. 

19.E.42 

20. 6.42 

21.6.42 

22.6.42 

23. 6.42 

24.f. 42 

25. G. 42 

13.7 2 

2352 225 

2395 152 

2395 1:19 

PCP 21C 

24 'Y7 99 

2437 218 

2437 165 

2437 120 

DIE D. 

VP 

dra 

Pet 

P00 

PPP 

API 

VIM 

PPP 

INN 

CP0 

gePP 

PIP 

spa 

PP* 

4111.1 

IPP 

.1111. 

SUGAR TOLERANCE: 

SINGLE METHOD. 

Pp. 

42I 117 

,42 135 

10min. 

260 256 

282 26C 

11r. 

Blood Sumer in mg. per cent 

15min. 20min. 

218 187 

AK- 

251 226 

9 6 192 17 6 1 158 

-÷ 1 ninute. 

133 11 

25min. 30min0 

176 160 

211 203 

124 121 

t -I- 2 minutes. 

194 185 

1i, 5 



,104 . 

uantitatïve 2etinat1.ón 

Pancreatic Islet Tissue. 

2.29. 



2a0. 



105. 

Rabbit 
ISLETS 

- 
ArdIkR TISSITIE, 

,..n. "...0.60. .- - 

".'. ''.-. '.... 
41:cc:a 
4cimu, 
Tissue 
in si.eta 

f, t. Wt. 
Sheet Islets 
in g. in g. 

Area 
-lheet 
in 
si.cm. 

Area 
islets 
tn 
si.cn. 

tit. 
Sheets 
in g. 

't. 
Actnar 
Tissue 
in E. 

Area 
Sheets 
in 
sq. en . 

1. Bi. 
** 4.C6 0.14 530.3 18.3 24.47 10.3 3181.8 1337,71 

i 

B. 4, 0.64 ff q4.0 97.87 44.3 12727.2 675)4 
T:. 4.C7 0.35 n 45,,6 44.72 1(1.8 5833.3 2453,4 

1 

2. E. 1 
4.C7 C.88 ft 115.7 65.36 27.8 8484.8 3606,7 

L 
a. 8.12 1.54 2x H 201.1 69.35 29.4 9015.1 3819,1 

T. 4,02 0.24 530,3 31.7 32.85 12.5 4242.4 1611.9 
»H .._, 

1 

h 3. R. 4.03 0.26 34.2 27.99 1P .1 3712.1 2399,6 

B. 3.98 C.26 ti 34.6 35.8 20.0 4772.7 3C733 , 

1 

+20' +2C +2C 
TI., 3,99 0.3C tí 39.9 39,86 25.6 53C3.0 3402,4 

ii. 4.4'7 C.82 . 1060R 61.57 36.6 7954.5 4726.2 

L 4.14 (.33 71 42.3 41.C7 24.4 5303.0 3148.3 

T T. c° .11 1.81 2x1 236.8 75.83 46.3 10075.7 6154.6 - 
5. Ht. 3.98 0.37 530.3 49.3 39.97 22.5 5303.C. 2982.9 

*. 4.4.4. 0.51 VI 67.6 51,90 3L.7 7954.0 4076.6 

T1. 4.02 0.83 1C9.5 60.1 34.4 7954.0 4552.7 

i 

6. H. 4.C8 0.51 n 66.3 36.2 18.9 4772.7 4119.8 
+80 + 80 + 80 

B3i. 4.05 0.25 tt 32.7 28.3 17.1 3712.1 2853.5 
+ 3C +3C + 3C 

T'. 4.C2 0.86 n 113.4 40.4 29,2 663.6 5263.7 
+7C +70 + 70 _ - __________ ---- 

vi, E. 3.913 0.27 n 36.0 24.2 13.2 3181.8 3567.0 
+9C +0C +9C 

3.99 1.0 n 132,9 52.2 28,3 6893.9 8925.0 
+25C +25C + 25C 

T. 4.04 0.24 /1 31 . 5 28.1 14.9 3712.1 - ..._ _ 
+130 +130 + 130 

8 H 
1,--- 3.99 0.37 n 49.2 28.2 16.3 3712.1 2145.7' 

B 3.96 0.14 1 18.7 28.0 16.2 3712.1 2554.7 

i 

+2C +20 +20 

1 T ..10 0.71 91.8 32.1 15.9 4242.4 3729.4f 
+RC + 8C + 8C 

_ 
C r. area cf one fielo = 2.4,3.5 sq.cm. z; 1,54 g, 

**H,B & T = head, body and tail of pancreas. -... 

%41g 

Isi 
Tis 

1.3 

1.4 

1.8 

3.2 

1,9' 

2. 

1.34 

3,84 

1.61 

1.6i 

2.4] 

1.63 

2.1E 

1.01 

LOZ 

1.46 

2.29 

0.7a 

2.46 



a 

nar 
sue 

si,e 

,37.7 

594 

53.4 

%age 

Islet 
Tissue 

Wt. Wt. 
Pan- Islet 
creas Tissue 
in g. in g. 

106. 

No, 
Islets 
counted 

231. 

Av. 
Area 
cne 
Islet 
in "sq. cm. 

Av. Av. 
Vol. Wt. 
one one 
Islet Islet 
cam. my 

Total 
No. 
of 
Islets. 

0.68 

0.87 0 . °"ii'k 

0.68 

0.261 0.274 146, 000 

06,7 

19.1 

11.9 

99,6 

73.3 

3.21 

5.27 3.48 
1.97 

147 

189 

44 

0.79 

1.06 0.86 

0.72 

0.324 235, 000 

C2,4 

26,2 

48,3 

54,6 

t2.9 

76,6 

52,7 

19.8 

2,26 

1.34 2.48 

3.84 

53,5 

1.61 

1.15 1.64 

31 1.10 

5.69 0.06 25 1.38 1.22 0.541 

34 1.17 

108,000 

152 0.70 

2.76 0.07 90 0.46 0.68 0.241 

270 0.88 

277,000 

80 0.62 

2.93 0.06 137 0.49 0.63 0.207 

138 0.79 

125 0.53 

3.12 0.05 54 0.61 0.62 0.207 

0.217 277,000 

230,000 

u . . 
67.0 

156 0.73 

25.0 3.06 0.04 132 1.00 0.86 0.324 118,000 

13.3 

15.7 

4,7 

?9. 

2.29 

0.73 1.83 

2.46 

3.70 0.07 

49 1.00 

20 0.94 1.03 0.424 0.445 152,000 

80 1.15 





107. 

ISLETS ACINAA TISSUE 

Rabbit. wt. 
Sheet 
in g. 

9, g,, 3.97 

B, 3.99 

T. 3.97 

10. H. 3.98 

B. 4.08 

T.. 3.97 

11. H, 3.98 

B 4.03 

T 4.03 

4.06 

B. 4.0? 

T. 4.03 

13. H. 3.97 

B 4.04 

T 4.00 

14.H. 4.01 

B, 3.50 

T' 4.09 

15.H 4.04 

B,. 4.03 

T. 4.05 

Wt. 
Islets 
in g. 

C.81 

1.18 

1.44 

Area 
Sheet 
in 
sq.cm. 

530.3 

ft 

n 

Area Islets 
in 
sq. cm. 

108.2 

156.8 

192.4 

wt. 
Sheets 
in g. 

32.1 
+13C 

76.3 
+ 3C 

52.3 
+3C 

0.51 
0.70 
0.40 

It 

n 

n 

68.0 
91.0 
53.4 

32,4 
40,3 
36.3 

0.46 

0.40 

0.69 

et 

T 

61.3 

52.6 

90.8 

44.3 
+160 
24.2 
+9C 
44.2 
+80 

0.27 

0.40 

1.40 

Wt. Area 
Acinar. Sheets 
Tissue in 

cr:i. 

14.8 4242.4 
+13C +13C 
43.5 10075.7 
+3C +3C 

32.2 6893.9 
+ 30 +.3C 

18.0 4 24 2. 4 

25.0 5303.0 
22.8 4772.7 

24.7 
+16C 
13.4 
+9C 

26.8 
+8C 

5833,3 
+ 16C 

3181.8 
+9C 

5833,3 
+80 

Area 
Acinar 
Tissue 
in s 

8849.9 

6354,8 

4854,9 

2356.9 , 

3289.7 

2997.7 

6508,4 

3593.5 

5164.9 

35.3 24.1 14.1 3181.8 2472.1 
+ 3C + 3C +3C 

52.1 

184.2 

0.48 

0.21 

0.66 

64.1 

27.6 

87.5 

0.66 

0.49 
0.93 

0.92 

0.73 

1.0C 

87.3 

66.6 
120.6 

120.8 

96.1 

130.9 

36.1 
+10 

44.4 
+. 2C 

2121. 

22.2 
+10 
25.3 
+22C 

28.1 16.0 
+16C +16C 
44.3 26.3 
+110 +110 
16.1 8.3 
+90 + 9C 

40.2 23.0 
+6C +60 

40.2 21.7 
44.4 26.5 
+ 3C + 3C 

24.2 12.7 
+:9C +9C 

2 8 . 3 16.4 
+40 +40 

16.2 8.6 
+6C +6C 

4772.7 3138.5 
+1C 

5833.3 7778,4' 
+22C 

3712.1 5369.7 5, 

+ 16C 
58 33. 3 5701.6 

+11C 

2 29254 
+ 9C 

5303.0 4255.1 
+6C 

5303.0 2862.6 

5833.3 4092.1 
+ 30 

31E1.8 3501.3 
+ 9C 

3712.1 2965.2 
+ 4C 

2121.2 2347.1 
+ 60 



a 

nar 
sue 

9.9 

4,8 

4.9 

108. 2 33. 

¡age ' wt. 1 Wt. 
Islet Pan- Islet 
Tissue creas Tissue 

in g. in g 

No. 
Islets 
e cunt ed 

1.22 

2.47 2.55 

3.96 

Av. 
Area 
one 
Islet 
in sq.cm. 

fer. Av. Total 
fol. Wt. No. 
one one of 
Islet Islet Islets. c. in `' 

112 0.97 
2.96 0.08 150 1.05 1.07 0.451 

161 1.20 

0.474 159,000 

6.9 2.89 

3.7 2.77 2.48 

7,7 1.78 

3.4 

3.5 

E.9 

J.1 

6.20 0.15 

0.94 

1.46 1.39 

1.76 

60 1.13 
'70 1.30 1.10 
61 0.88 

3.45 0.05 

0.504 305,000 

110 0.56 

55 0.96 0.83 

93 0,20 

0.302 0.317 151,000 

L51 

L4 

,7;5 

1.43 

1.66 1.82 

2,37 

1.19 

.6 0.48 1.55 

. 0 2.99 

.1 2.05 

.6 
2.33 2.44 

.1 2.95 

3.71 0.07 

31 

47 

133 

72 0.89 

60 0.46 0.88 

68 1.29 

1.86 0.03 

0.541 0.568 

0. 348 

119,000 

2.48 0.06 
149 

91 

0.59 
0.73 0.65 

188 0.64 

0.224 0.235 257,000 

3.45 

5.24 4.09 

5,58 

4.09 0.1? 

133 

90 

112 

0.424 0.445 376, 000 



234. 



 f 109. 

Rabbit 

ISLETS ACINAK TISSUE 

Wt. ; wt. 
Sheet Islets 
in g. in g. 

3.97 0.35 

3.96 0,20 

4.01 0.35 

18. H. 

B. 

T. 

4.05 
4.08 
4.07 

20. H. 

B. 

T. 

4.06 
4,04 
4.02 

0.55 
0.62 
1.19 

H. 3.99 
B. ._ 4.01 

T. 4.14 

22.H. 8.22 

B. 4.05 

T. 8.32 

0.37 
0.41 
0.51 

24 H , 3:96 
B: 4,03 

3,97 

25 H 

B' 

T; 

3.96 
3.97 

0.36 
0.40 

0.66 

2.16 

0;70 

1:68 

#?.33 
0:21 

1;09 

0.35 
0,86 

12.17 3.85 

Area 
sheet 
in 
sq.cm. 

Area 
Islets 
in 
sq.cm. 

Wt. Wt. 
Sheets Atinar 
in g. Tissue 

in 

Area 
Sheets 
in 
s' . CTn. 

530.3 46.8 20.0 12.5 2651.2 
+20 +2C + 20 

" 26.8 27.9 15.5 3712.1 
+5C +50 + 5C 

46.3 28.0 16.9 3712.1. 
+2C +2C + 2C 

a 72.0 28.2 16.5 3712.1 
r 80.6 44.3 24.7 5833.3 
n 155.1 36.2 21.7 4772.7 

a 48.3 32.2 20.3 4242.4 
a 53.8 32.4 20.4 4242.4 
r 67.3 28.2 16.7 3712.1 

+3C +3C +3C 

a 47.9 24.3 14.7 3181.8 
a 52.9 28.6 17.7 3712.1 

+3C +3C + 30 
a 84,5 32.9 21.5 4242,4 

+ 30 +30 +30 

2a " 278.7 28.5 14.5 3712.1 
+240 + 240 +24C 

530.3 91.7 28,8 16.5 3712.1 
+ 70 +70 + 70 

2u " 214.2 32.5 18.8 4 24 2. 4 
+ 3.9C +19C +190 

530.3 44.2 28.2 18.2 3712 ;1 
a 27.6 32.1 19.7 4242..4 

+20 +20 + 2C 
a 145.6 32.4 18.0 4242.4 

+110 +110 + 110 

a 46:9 12.1 7.6 1590;9 
n 114,9 28.3 18,2 3712.1 

+ 2C + 2C + 20 

503.3 40.2 24.3 5303,0 
+210 +210 + 210 

- Area 
Acinarr.. 
Tissue 
in 9,,, 

2064.0 

3079.8 

2647.5 

2172.0 

3252.4 ' 

2861.0 

2674.6 

2671.1 

2808.8 

1924.8 

2907,8 

3382.9 

I 6772.6 

3551.2 

6320.6 

2395.8 

3010.6 

4595.4 

999,2 

2794.3 

7479.0 



110. 

ea 
roar 
sue 
sat 

04.0 

79.8 

17.b 

Wt. 
Pan- 
oreas 
in g. 

At. 
Islet 
Tissue 
in g.. 

No. 
Islets 
Counted 

..--- 
2,27 

0.87 1.63 

Av. 
Area 
one 
Islet . 

in sq.cm. 

Av. 
Vol. 
one 
Islet 
C). 

Av. 
Wt. 
one 
Islet 
in 

235. 

Total 
No. 
of 
Islets. 

49 ; 0.96 

33 0.81 0.89 

51 0.91 

72.0 

4.4 

31.0 

3,31 

2.48 3.74 
5,42 

14.8 

11.1 

)8.8 

1.81 
2.01 2.07 

2,40 

:4.8 

17.8 

12.9 

2.6 

2.49 

1.82 2.27 

2,50 

3.33 ? 0.13 

1.74 0.04 

i 

', 0.05 

1.41 
1.24 1.41 

1.58 

0.679 0.713 

73 0.66 

73 0.74 0.71 

94 0.72 

0.261 
I 
0.274 

1.2 

0.6 

4.12 

2.58 3.36 

3.39 

1.03 

1.15 1.07 0.451 0.474 

142, 000 

175,000 

131,000 

169,000 

347,000 

6.8 

0.6 

5.4 

1.84 

0.92 1.98 

3.17 

50 

42 

127 

0.88 

0.66 0.90 0.372 0.390 

1.15 

123,000 

--r-----. 

6.08 

37 

0.32 83 

317 

0.679 0.713 442,000 



2 36. 



Rabbit 
ISLETS 

t. Sit. Area r 
Area 

Sheet Islets Sheet Islets 
in g. in g. in in 

aq.cm. eq.cm. 

T. 

4.06 1.33 530.3 173.7 
3.96 0.75 
3.98 1.64 218.5 

n 100.4 

ACI NAR TISSUE 

Wt. Area 

4.05 
4.06 

3.99 

0.41 
0.75 

1.33 

29 . Ii 4.06 
3.98 

T. 3.95 

30. H. 

T. 

3.96 
4.05 

4.08 

0.25 
0.16 
0.49 

0..29 
0.44 

0.39 

Reinar 
Tissue 
in g. 

Sheets 
in 
eq. cm. 

40.1 25.5 5303.0 
32.1 19.7 4242.4 
40.1 27.9 5303.0 

53.7 20.1 12.0 2651.5 
98.0 32.0 20.4 4242.4 

+3C + 30 + 3C 

176.8 24.1 15.3 3181.8 
+5C + 5C + 5C 

32.'7 20.1. 12.1. 2651.5 
21.3 20.1 13.1 2651.5 
65.8 24,2 16.0 3181.8 

+4C + 4C + 4C 

38.8 R 20.0 13.4 2651.5 
57.6 24.2 16.5 3181.8 

+ IC + 10 + 1C 

50,7 : 28.2 16.6 3712.1 

Area 
Acinar 
Tie 84 
in 8% 

3372,1 

2603, 8,; 

3689,e6,. ; 

1563,0 

3315.0 fi; 

3037,6 

1596,1A 

1728,11 

2917,9 

1776,5 :< 

2372,9 

2185,1 

31. H 

IB. 

T. 

3.99 

4.07 
4,03 

0.5'X 

0.62 
0.69 

a 

n 

'75.8 32.3 19.0 4242.4 
+ 7C +7C +7C 

80.8 40.2 25.4 5303.0 

90.8 - 16.1 10.5 2121.2 
+ 50 + 50 + 5G 

101.5 

26.4 

17.1 

24.2 12.6 3181.8 
+80 +80 +8C 

20.1 12.9 2651.5 
+10 +10 +10 

16.1 9.0 2121.2 

3920.0 

3350.7 

2400,9 

-..-..--t-- 
3284.6 

1905,2 

1185,8 



rea 
cinar 
is sug 

n aq 

372,1 

603,1 

%age Wt. 1 Wt. 16 to. 
Islet Pan- Islet Islets 
Tissue creas Tissue Counted 

in g. in g. 

112. 



' 

, 



'r 

CoxtrGl.. Wt. 
Sheet 
in g. 

1.H . 

B 
T 

4.04 
4.00 
4.01 

113. 

ISLETS ACINAR TISSUE 

Wt. Area f Area 
Islets Sheet Islets 
in g. in in 

sq.cm. sq.cm. 

0«21 

0.40 
0.29 

530.3 
n 

n 

Wt. wt. Area 
Sheets Acinar Sheets 
in g. ; Tissue in 

in g, sg.cm. 

27.6 20.2 13.4 2651.5 
53.0 24.1 15.6 3181.8 

38.4 24,2 15.2 3181.8 

2. H 

B 

T 

3. H 

B . 

T 

4.05 0,26 
4.05 0.16 

4,05 0.41 

4.07 ' 0.15 
4.04 +0.22 

3.99 0.27 

n 

fl 

n 

n 

a 

34.0 
21.0 
53.7 

19.5 
28,9 
35.9 rt 

24.1 
20.1 
24.1 
+ 2C 

20.1 
28.1 
20.2 

14.3 3181.8 
12.5 2651.5 
15.3 3181.8 
+2C + 2C 

10.7 
18.2 
13.8 

2651.5 
3712.1 
2651.5 

4. H 4.04 0.26 
B . 4,03 ! 0.22 
T 4,05 0.15 

s 

n 

5. H 4,09 0.18 
B 4.07 0.07 
T 4.07 0.37 

34.2 

29.0 
19.6 

24.1 15.4 
24.1 15.7 
28.1 18.6 

1887.9 

1648.9 

'2427.0 

1411.5 

2404.2 

1811.4 

3181.8 2033.2 1, 

3181.8 
3712.1 

n 23,3 20 .1 11.5 2651.5 1517.0 

9.1 20.1 14.4 2651.5 1899,6 

48.2 20.1 12.5 2651.5 2259.4 
+ 3C + 3C + 3C 

n 

n 

6.11 

B 

T. 

7. H 

B 

T 

4.04 0.19 n 24.9 

4.64 0.29 521.6 32.6 

4.68 0.76 

4.70 0.77 
4.64 

4.73 

0.20 

0,93 

n 84.7 

20.2 
+50 

18.7 
+9C 

23.5 
+ 16C 

10.? 
+ 50 

2651.5 
+ 5C 

11.5 2086.4 
+ 9C +9C 
12.8 2608.0 
+16C +16C 

2422.0 

3114.6 

46'76.5 

n 

n 

n 

85.5 
22. fi 

102. ò 

42.0 29 . 0 . 4694.4 3241.4 

2E3.2 ¡ 18.7 3129.6 2075.3 

37.6 23.0 4172.8 3570.0 
+50 +5C + 5C 

0, 

1. 

2 

1 

2 



%sge 
Islet 

$a 
¡ Tissue 

inar _ 

a sue 
$q,p 

8,9 

9.6 

8.5 , 

7.9 

8.9 

1.5 

4.2 

1.4 

114. 

Wt. Wt. No. AV. 
Pan- Islet Islets Area 
creas Tissue Counted one 
in g. in g. Islet 

in sq.cm. 

1.57 

20 2.02 3.10 0.06 

1.92 

1.80 . 

1.27 1. 2.43 0.04 

2.4 

1.38 

1.20 1.52 

1,98 

4.07 

AV. AV. 
Vol. Wt. 
one one 
Islet Islet 

Total 
No. 
of 
Islets 

40 0.69 

44 1.20 0.89 

50 0.77 

0.348 0.365 172,000 

84 0.41 

54 0.39 0.43 

107 0.50 

0.06 

43 

62 

64 

0.122 0.128 334,000 

0.45 

0.47 0.49 0.147 

0.56 

3.2 

2.8 

7.1 

7.0 

9,6 

94 

2.0 

1.6 

6.5 

1.68 

1.40 1.29 

0.80 

4.65 0.06 

53 

40 

36 

0.65 

0.73 0.64 0.207 0. 217 

0.54 

0.154 402,000 

276.000 

1.52 

0.48 1.38 

2.13 

3.57 0.05 

42 

17 

73 

0.55 

0.54 0.58 

0.66 

2.40 0.03 

49 

61 

14? 

0.51 

0.53 0.54 0 .160 0.168 18 6, 000 

0.58 

0.175 0.184 268,000 

1..4 

5,3 

;.0 

2.64 

1.08 2.20 

2.87 

2.80 0.06 

105 0.81 

41 

129 

0.56 0.72 

0.80 

0.261 0.274 225,000 

"*"*"I 
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Control 
sheet 
in g. 

B.H. , 
4.6f: 

B . 4.64 

T , 4.68 

9. H; 4.65 

B , 4.60 

T 4.65 

115. 

ISLETS ACINAR TISSUE 

Wt. Area 
Islets Sheet 
in gr.. in 

sq. cm. 

0.75 

0.51 

1.11 

521.6 

Area 
Islets 
in 
sq.cm. 

Area Area 
Sheets Aeinar in Tissue 
s q . cm . in sq. cm, 

8 3. 9 

57.3 

123.7 

77.4 

30.6 

20.2 

28.0 17.6 
+4C + 40 

23.5 14 . 0 
+ 2C +2C 

37.7 24.2 
+ 6C + F.>C 

32.8 20.5 
+ 8C + 8C 

37.1 23.9 
+ 1C +3.0 

27.7 17.2 

1O.H 4.60 
B , 4.63 
T , 4.68 

61.2 
2`).5 

26.7 

3129.6 2781.2 
+ 4C 

2608.0 19 60 . 7 
+2C 

1 4172.8 3899.6 
+ 6C 

3651.2 3910.0 
+ 8C 

4172.8 2891.6 
+ 1C 

3129.6 1943.3 

32.3 19.5 3651.2 2204.3 

27.9 16.7 3129.6 1873.3 

27 d 9 19.0 3129.6 2130.6 

1 

i 



"1- 

age 
Islet 
Tissue 

cI 

3,C2 

Wt. Wt. 
Fn- Islet 
cress Tissue 
in g. In g. 

116. 

j No. 
'Islets Area 
Counted 

241. 

one 
Islet 
In sq.cm. 

Av. 
Vol. 
one 
Islet 
e 11 

Av. 
vit. 
one 
Islet 
1n -1- 

Total 
No. 
of 
Islets. 

2.92 3.04 3.00 0.09 

3.17 

P7 

59 

1Z7 

0.96 

0.97 0.94 

0.90 

0.372 C.390 234,000 

106 0.73 

60 0.51 0.61 

35 0.58 

1.95 0.03 

2.78 

1.20 1.74 2.19 0.04 

1,25 

75 0.82 

44 0.51 

47 0.57 

0.190 0.20C 133,000 

0.00 0.207 0.217 176,000 
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kr. 

1. 

SECTION V. 

Growth e In relation. to the LlabltsEtaLlAng. 

PancrepLaLip Actions of Anterior 

Pituitary xtract. 

Young (1941), on the basis cf his experimental 

work with dogs, has suggested that tile pre-diabetic 

increase cf height and weight in children and 

adults respectively is due to excessive function 

cf the anterior pituitary gland ccmpensated by 

increased activity of the pancreatic islets, and 

that failure cf this balanced mechanism from 

inability cf the islets to maintain their overactive 

condition ultimately results in diabetes mellitus. 

The purpose of the present paper is to adduce 

further experimental evidence in favour cf such a 

theory. 

METHOLS 

alq,ract. A crude saline extraot of fresh 

ox anterior n5tuitary glands was prepared after the 

method of Young (1938), so that 2 c.c. were 

equivalent to F. of gland. The extract was 

stored at a low temperature without freezing, used 

within 6 days cf preparation, and injected by the 

subeutanecua route. The injections consisted 

either cf a constant amount of 1.5 g. of gland 

per kg. body weight or cf a quantity which was 

increased by 0.5 g, of gland per kg. at invervals 

of 5 or 6 days from an initial 1 F. cf gland 

per kg. to a final 2.5 7. of gland per kg. body 

weight./ 

243:., 



2. 

weight. 

AniFals. The animals Investigated were 

English rabbits, eight males and seven females, 

and weighed between 1615 and 2211 g., averaging 

1983 g. They were kept in metabolism cages and 

given daily 1CC R. of a mixture of 40% oats, 

30% bran and 30% maize, 3CC g. cabbage, 25 g. hay 

(four animals only), and water ad lib. The 

energy value of this diet was calculated by 

analysing its constituents as regards carbohydrate, 

protein and fat and. applying the usual factors 

4.1 x 9.3. Laily measurements included body 

weight, food eonsumptien, urinary volume, and, 

when present, urinary sugar and ketones. The ten 

control rabbits used to estimate the pancreatic 

islet tissue were also -qmglish, seven males and 

three females, and weighed between 153C and 

MG g., averaging 1947 g. 
Estimations. UrinarysuaL was estimated 

by Cole,s method, urinamiLetenes by the 

Van Slyke-LeniOs method, and the uncreatic islet 

tissue after the method described. by Ogilvie (1937 . 

The A. and E- cells of the islet tissue were 

differentially stained by Heidenhainis 

hasmatoxyline 

RESULTS, 

(1) Clinical Iata. The fifteen animals 

so far as their body weight was concerned reacted 

to extract treatment in one or other of three ways 

and/ 

-2440 
iTh 
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and were consequently divisible into three groups. 

Grcup 1 consisting of Rabbits 7, 9, 11, 12, 13, 21 

and 26 (Pigs. 1, 2, 4, 5, 6, 9 & 12) increased in 

weight. oroup 2 teeluceo Rabbits 14, 22, 30 and 

32. Rabbit 14 (:le. 7) continued 1,0 lose weight 

and Rabbit 32 (Fig. 15) to gain weight at the 

same rate as each respectively lost or gained 

weight under control, while Rabbits 22 and 30 

(Figs. 10 & 14) more or less remained at their 

original level. These animals were conveniently 

regarded as a group since on the average they 

maintained a constant weight. Group 3 made u of 

Rabbits 10, 15, 25 and 29 (Figs. 3p R, 11 & 13) 

decreased in weight. The details of the body 

weight will now be considered in relation to the 

other clinical aspect- cf the tree grcu, s and 

entire series (Table I). 

kalLa. The average results of tb, =even 

rabbits in this group are illustrated in Fig. 16. 

The periods cf control, treatment and after- 

treatment amounted to 10, 15 and 4 days 

respectively and treatment consisted in the 

administration cf 43.5 e. of gland in average 

daily quantities cf 2.9 e. Luring the control 

period, the body weicfht fluctuated slightly about 

1920 g. on a more or less constant food value cf 

295 calories per day, while the daily urine vclume 

remained in the reetcn of 147 c.c. The body weight 

throughout treatment rcse steadily ieom 1939 g. 

to 2049 g. This amounted to an average daily 

increase/ 

- - 
245. . 



ter of animals 

slam of treatment 

17er'age amount of' 
. per animal 

Av. i',er day 
Total 

4. 

TAME i. 

Grow.) Gram) 

7 

15 days 

7.3 g. 

5.7 % 

4 

10 days 

31.5 g. 

-0 g. 
-0 

246. 

Group 3 Entire series 
.10 11. :11,111*.. 

4 

10 days 

15 

12 days 

28,6 g. 3,6.3 g. 

-12.1 g. 
5.9 70 

I'wage calorie intake 
er, day relative to 
onttrol. 

crave urinary volume 
oerday relative to 
ntrol. 

No. of animals 
Luration 

Maximum 

No, of animals 
Duration 
1'4 .7 MIXAMUM 

7 

9 days 

g. 
per day 

5 

6 days 

757 mg . 
per day 

1 

Anterior pituitary nand. 

1.8 g. 

1.1 

47 % 77 % 

4 4 15 

9 days 7 days 9 days 

16.0 g. 2,4 g. 9.4 g. 
per day per day per day 

4 12 

3 days 6 days 5 days 

109 mg. 340 mg. 456 mg. 
Fer day per day per day 
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increase of 7.3 g. and a total increase of 

5.7 per cent. Ti e caloric intake fell sharply 

after the start of injections ana then rose slowly, 

but was still subnormal at the end of treatment. 

It average() 192 glories per day or 65 per cent of 

the daily control intake. Each of the seven 

animals, while being trsatee,showed transitory 

glycosuria and also in five cases temporary 

ketonuria. alycoeuria appeared on the seventh 

day, reached a maxirule cf 9.6 g. pe,' 24 hr., on the 

tenth day and lasted 9 days. It varied inversely 

as the body weight in two animals. hetcnuria 

showed itself on the sixth day, attained a peak of 

757 mg. per 24 hr. on the ninth day and disappeared 

aftrr 6 days. The urine volume fell moderately 

with the start of injections, but by the end of 

treatment had risen to a high normal. The average 

excretion was 128 c.c. per day or 87 per cent cf' the 

daily control output. The body weight in the 

period after treatment fell abruptly and markedly 

and this ''as accompanied by a moderate reduction 

in energy intake and a slight incr,..48e In urine 

volume. 

Group 2. The average results cf the 4 rabbits 

forming this group are shown in Fig. 17. The 

stages of control, treatment and after-treatment 

lasted 1C, 1C ana 5 days respectively and treatment 

lay in the administration of 31.5 g. cf gland in 

average amounts of 3.2 g. per day. The body 

weight under control turned moderately about 

2119 

247,. 
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1 

2119 g. cn a fcod value cf 32C calories per days 

while the daily urine volume was in the neishboarhocd 

of 156 c.c. The bcdy rPight during treatment 

averaged 2115 g. and thus maintained its control 

level. The caloric intake with the initiation cf 

Injections fell more or less abruitly at first 

and then recovered to some extent, but nevertheless 

remained definitely depressed. It anicunted to an 

average cf 207 calories per day or 65 per cent of 

the daily control value. Each cf the 4 rabbits as 

a result of treatment ahcweci transitcay glycosuria 

and also in three cases temporary ketonuria, 

elyecsuria came on the fifth day, rose to a peak 

of 16.0 g. per 24 hr. on the ninth day and 

disappeared after 9 days. It varies inversely as 

the body weight in two animals. Eetcnuria started 

on the eighth day, reached a maximum cf 1C9 mg. per 

24 hr. on the eighth day and lasted 3 days. The 

urine volume fell moderately after the start; of 

Injections and then rose gradually so as to reach 

normal by the enc of treatment. The average output 

of urine was 141 c.c. per day and therefore 9() per 

cent cf the daily control excretion. The body 

weight after treatment fell sharply at first and then 

partially recraered, while the energy intake after 

a slight initial decline rose to low normal. The 

urine at the same tine via - cn the avaaage slightly 

raised above the control excreraon level. 

212.2aLl. The average results cf the 4 a alaals 

comprising this group are illustrated in Fig. 18. 

The/ 
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The rtages of centrol, treatment and after-treatment 

aTcuntecl_ tc 1C, IC and 5 days respectively and 

treatment consisted in the injection cf 28.6 g. 

glano in average quantities cf 2.9 g. per ea . The 

body weight in the control period followee a fairly 

even course about an average cf 2031 g. on a more or 

less ccnstant food value cf 293 calcriee per day, 

while the daily urine vclume varied only slightly 

and averaged 149 cc. Ja3ring treatment, the body 

weight renamed Within normal range 2or the first few 

days, but thereafter fell to become stabilised at a 

'ewer lovel, Tile loss arr(untee to 12.1 g. per day 

and a total of 5.9 per cent. The caloric intake 

Incidentally fell to slightly lass than 1C( calories 

per coy on the second day of treatment and thereafter 

continued almost constantly at that level to the end 

cf injections. The food value for the periodj 

averaged 113 calories per day or 39 ter cent cf the 

normal intake. Each cf the animals durina treatment 

exhibitec transitory glycosuria and ketonuria. 

Glycosuria appeared on the seventh day cf treatment, 

reachec a maximum of 2.4 p. per 24 cn the tenth 

day and lasted 7 days. Ketonuria began on the sixth 

day, rose to MC mg. per 24 hr. en the eighth day and 

disappeared after 6 dayn. The urine volume after 

the start cf treatment fell more or lees abruptly 

and continued at a cefinieely depressed level until 

the end of treatment. The urine output averaged 

70 c.c. per day or 47 per c-nt of the normal daily 

excretion. The period after treatment was 

characterised/ 

249, 
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characterised. by a sudden, marked fall followed by a 

partial recovery in body weight, a steadily increasing 

energy intake and a return of the urine volume to 

normal. 

Average of Entire Series® The average results cf 

the 15 animals are shown in Graph 19. The periods 

of control; treatment and after-treatment lasted 

respectively 1C days, 12 days and 5 days and. treat- 

ment consisted in the administration of 36.3 g. gland 

in daily injections cf 3.0 g. Under contrcl, the 

body weight, energy intake and urine vclune were 

respectively' 2002 g., 3C1 calories and 15C- c.c. 

During treatment the body weight was 2024 g. or 1.1 

per cent greater than the control, while the food 

value fell to 175 calcries or 58 per cent of the 

normal and the urine excretion to 116 c.c. or 77 per 

cent cf the control. Each of the animals in this 

period showed. transitcry glycosuria and in 12 cases 

also temporary ketonuria. Glycovuria began on the 

sixth day, reached a maximum of 9.4 g. per 24 hr. on 

the tenth day and lasted 9 days. Ketonuria started 

on the sixth day, attained peak of 456 mg. en the 

ninth day and disappeared after 5 days. After 

treatment (omitting 4 animals owing to insufficient 

data) the body weight, energy intake and urine volume 

were respectively 1940 g., 187 calories and 172 c.c. 

(2) Pancreatic Islet Tissue, The weight of 

islet tissue and the average weight and number of 

the islets in the 15 injected rabbits and also in 

IC control animals are given in Tables 2 and 3. 

The/ 

250: 



No. 

L. 

5. 

5. 

6. 

Ú. 

9. 

1C, 

11, 

12, 

13. 

1.4, 

1,5, 

9. 

TABLE II. 

Wt. V.L 

Islet Tis5ae 
in g. 

Injected Rabbits 

Average Wt. 
of Islets 
in ' 

verago 

talndard 
Error, t0.026 

C.04 

0.07 

0.15 

0.05 

0.08 

0.02 

0.06 

0.16 

0.05 

G.1'7 

0.36 

0.30 

0.10 

0.07 

0.02 

0.380 

0.471 

C.496 

0.302 

C.633 

0.380 

0.220 

0.447 

0.30'2 

0.447 

0.793 

1.103 

0.2,84 

0.663 

0.496 

0.113 0.494 

0.o59 

251.. 

Number of 
Islets 

95,000 

14 3, OC C 

308, 000 

153, t10 C 

119,000 

63,000 

276,000 

361,000 

165,000 

385,000 

452, 000 

272, 000 

335, 000 

106, 000 

4 6, 00C 

218, CCC 

t34,0C:C 
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10 . 

TABLE III. 

Control Rabbits. 
Wt. of 

Islet Tissue 
in g. 

1. 0.06 

2, 0.04 

3, 0.06 

1. 006 

5. 0.05 

C. 0.03 

0.07 

B. 0.09 

0.03 

lo. 0.04 

Average 0.053 
s tandstr d 

Error. t0.006 

Average Wt. 
of Islets 
in '1r 

Number of 
Islets 

0.359 176,000 

0.122 363,000 

0.154 396,000 

0.220 266,000 

0.206 247,000 

,0.179 186,000 

0.302 220,000 

0.402 229,000 

C.220 130,000 

0.235 166,000 

0.240 238,000 

1.'0.028 t27,000 
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The injected series had on the average more than 

twice as much islet tissue by weight as the control 

group, while the islets of the injected animals 

compared with those of the control rabbits were on 

the average more than twice as much by weight (Fig. 20) 

and within similar range as regards number. Finally, 

the islets cf the injected animals apart from their 

increased size were normal architecturally and in 

their proportion of A- and 13- cells. 

LISCUS9,ION 

The animals in this investigation responded to 

treatment with crude anterior pituitary extract by 

increasing actually cr relatively in weight on a 

distinctly smaller caloric intake than that normally 

required fc the maintenance of constant body weight. 

Such an observation is in agreement meth the results 

of previous investigators. Thus, Lee and Schaffer 

(1934) and Lee (1938) found that when restricted. to 

the same food intake normal rats treated with 

anterior pituitary extract gained significantly more 

weight than controls. The same finding was obtained 

In hypophysectcmised rats by Marx, Simpson, aeinhardt 

and Evans (1941-2), who Ease noted that the internal 

organs except the thymus grew at approximately the 

same rate as the body as a whole. Again, Young 

(1941-20 1942) has shown that on a constant daily - 

amount of food just sufficient to maintain its body '- 

weight a normal dog, or cat treated with pituitary 

extract increases in weight despite the occurrence 

cf/ 
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cf olycosuria. These investigaticns and the 

:eesent thus justify the conclusion that anterior 

ituitary extractc probably lead to reduced 

catabolism or increased anebelism cr even to bcth 

of these phenomena concurrently. 

A combinsticn of recuced catabclism and 

increased anabolism vith a ccnsequent rte in body 

weirrht is Indeed cenprehensible ln the liRht of some 

of the known acticno of antericr pst.aitary ext,-act. 

Thus, the oxidation cf carbohydrate as emphasised 

by Russell (1qt9;) is suppressed by its diabetogenic 

property, while an °wally impertant effect according 

to Mirky (193P, 1939) is a d'minutton cf 1-rctein 

catabolism. Such an action on protein metabolism 

is in '!irsky's o[inion mediated through the 

secretion of insulin by the pancreas. Twice the 

amount cf insulin, rorecver, can be extracted after 

the same treatrent with anterior pituitary extract 

as produces double the quantity cf pancreatic islet 

tissue (Marks Young, ).940). Accordingly, the 

17, 'ftoophied islets here observed ìy be regarded 
not only as a manifestation cf the pancrectrcrtc 

action cf the extract ((gilvie, 1944), but also as 

a source cf additional insulin and, by reason thereof, 

Tart cf the mechanism whereby the extract reduces 

protein cqtabolism. Wow, another effect cf the 

augmented pancreatic Islet tissue and insulin would 

naturally be to increase the anabolic processes 

controlled thereby with the reqult that the carbon 

and nitrogen conserved through the reduced 

catabolism/ 

254,, 
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catabolisn, of carbohydrate and protein would be 

synthesised res-oectively Into more carbohydrate an 

possibly fat (acny, 1940) and into more protein 

(Mirky, 1939, 1939). The outcome would be qn 

incres-e in body , eight, The transitory glycosuria 

which constmtiy accompanied this rise in body weight 

is explained by a temporary excess, cf the 

diabetcuenic action of the extract over pancreatic 

islet activity, but the already noted increase cf 

the islets in size snd functicnal capacity induced 

by the pancreotropic prcperty of the extract aivys 

ensues tc neutralise the diabetcgenic effect and 

cause subsidence of the condition. he fact that 

the glyccsuria sometimes varied inversely as the 

bccy weight rare with the observation cf 'Leung 

(1942) in the dog and was probably due to the loss 

of carbon and nitrogen incurred by the diabetes. 

Briefly, the reduced catabolism cf carbohydrate and 

prctein brcught about by anterior titnitary extract 

can thus be ascribed to a combination of its 

tiabetogenic and pancroctroric prcpertiee, while its 

pancrectropic influence is also responsible for the 

increased anabclism of protein and possibly fat. 

The consequent rise in body weiqht in other words, 

may be re7aredeC as due to the diabetogsenic activity 

of the extract balenced by increased pancreatic 

islet function induced through the pancreotropic 

action of the extract. Relatively excessive 

diabetogenic action or similarly decreased islet 

function, on the other hand, results in. diabetes and 

ultimately/ 
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ultimately in a loss cf weight. 

Such experimentel results tbeow suggestive 

light on the genesis of human diabetes nellitus. As 

initially stated, the children who develop, diabetes 

are often abnormally tall, while the majority of 

adult diabetic eases are or have been obese. Obese 

subjects at the same tire do not increase in weight 

continuously, but aceuire most of their overweight 

in the first few yeees and thereafter meintain a 

1 

! state of more cr less equilibrium (ienlop 

Murray-Lyon, 1931) . They finally lose -weight with 

the onset of diabetes. learther, Ogilvie (1935), 

assuming sugar tolerance to be an index of pancreatic 

islet activity, believes that the islets in a 

propertion cf obese diabetic subjects pass through 

phases of increased, normal, and decreased function, 

while the fact that the islets in a considerable 

percentage of obese subjects are ccripensatorily 

hypertrophied (Ogilvie, 1933, 1935) also suggests 

that these structures are overactive at first and 

later depressed. Finally, Rabinowitch (1938), 

! having observed that diabetic subjects on caloric 

intakes definitely below theoretical requirements 

either :eaintain their weight or lose very much. less 

weight than the anticieated amount, nas thereby shown 

that the diebetic condition is characterised by 

reduced catabolism or increased anabolism or both. 

Now, all these phenomena increase and decrease 

in body weight, parallel phases of pancreatic islet 

function., hypertrophy of the pancreatic ielets, and 

associated/ 

- T; 
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associated reduced catabolism and increased. 

anabolisn . also obtained in the present pituitary- 

treated rabbits, and 9 mechanism similar to that 

describeC in these animals may consequently be 

assumed for their correlation in the human, diabetic 

subject. In other words, the prediabetic increase 

of height and weight in children and adults 

resr:ectively, A8 Young (1941) has stated, may be 

regarded as due to excessive anterior pituitary 

activity with the diahetogenic action thereof 

temnorarily compensated by increased pancreatic islet 

function induced through the nancreotropic influence 

of the gland. 1aiure of the balance of this 

mechanism throught islet exhaustion would 

ultimately result in diabetes mellitus. 

SUMMARY AND CONCLUSIONS. 

1. Fifteen English rabbits maintaining an 

almost constant body weight and urinary volume on 

a prctical1y fixed caloric intake were intensively 

trated with crude ox anterior pituitary extract. 

2. The animals R3 a result of this treatment 

increased actually or relatively in weight on a 

definitely reduced caloric intake. The diminution 

in food value was due mainly to loss of appetite, 

but also partly to dissipation of energy through 

temporary glycosuria and ketonuria. 

3. The pancreatic islets of the treated 

animals, while numerically normal, were on the 

average rore than twice as heavy as those of a 

control/ 
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control series. 

4. The actual or relative Increase in body 

weiht of the injected rabbits on a reduced food 

v91ue indicates that anterior pituitary extract 

leads to reduced catabolism and increased anabolism. 

These effects ai7e attributed to the diabetogenic 

action of the extract on the one hand and on the 

other to increased pancreatic islet function Induced 

through the pancreotropic property of the 

preparation. 

5. The above observations support the 

sUggestion of Young (1941) tt-z7t thr nredibetic 

excess of height and weight in cb41dren and adults 

respectively is due to an eltwated hytophysial- 

pancreatic balance, failure of which through islet 

exhaustion results in diabetes nellitus. 

258. 
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P. 

16.40 

16°4 

1c,40 

40 

6,40 

J(440 

J6.40 

A.40 

IMO 

,10,40 

1%40 

1L40 

s 

10.40 

11.40 

111,40 

4*. 

Body Urine 
Weight Volume 
in g. in c.c. 

Li et 
per 
24 hr. 

19. 
Rabbit 7 (Male). 

Total 
Cals 

Per 
24 hr 

Urine 
Sugar 
in 
g.% 

261. 

Total Urine Tctal A.P.E. 
Urine Ketones Urine 
Sugar in Ketones 
par mg.% per 
24 hr. 24 hr. 
in g. in mg. 

1771 

1785 

1799 A 

1806 

1785 

1700 

1771 

IOW 

1814 

1785 

1857 

1842. 

1871 

1Wri 

196 

1G1 

258 

147 

2CC 

67 

12C 

2CC 

139 

101 

151 

11C 

76 

144 

10( -.bran 
250 g,cab. 

10C p.bran 
250 ccb . 
ICC g.bran 
250 g.cab. 

10C g.bran 
250 gocab. 

100 g.bran 
250 g.cab. 

100 g.bran 
250 g.cab. 

50 g.bran 
125 g.cab, 

1CC Fcbran 
2 5C g.eab. 

100 g.bran 
250 a.cab. 

1CC g.bran 
250 t;.cab. 

ICI g.bran 
250 g.cab. 

100 g.bran 
250 g.cab. 

50 g.bran 
125 g.cab. 

5C g.bran 
125 .7.cab. 

50 -.bran 
125 F:.cab. 

3CP 

318 

3C8 

308 

308 

154 

308 

308 

309 

308 

3C8 

154 

154 

154 

CO* 

ONO 

were, 

CO* 

0110. 

®. 

COO 

tee* 

ONO 

:lank - 

ORO 

eCO 

ONO 

** 
2C - 

0111 

MN, 

1.0 g.per kg. 
(3.6 c.c.) 

1.0 g.i..er kg. 
(3.8 c.c.) 

1.0 g.per kg. 
(3.8 c.c.) 

1.0 g.per kg. 
(3.8 c.c.) 

2.5 gepr.-)r kg, 
(9.6 c.c.1 

74 5C g.bran 
125 g.cab. 

154 

Calories 

Blank has net been deducted from 
total ketones. 

either ercentage cr 



te. 

Body 
Weight 
in g. 

Urine 
Volume 
in c. c e 

Liet 
per 
f °JCs. hr. 

20 

Total 
Cals. 
per 
24 hr. 

. 

Urine Total 
Sugar Urine 
in Sugar 
g.% per 

111.40 1842 141 C 7. bran 23 
125 Fecal). 

,11.40 1814 91 C g.bran 
1C g.cab. 

k11,40 1814 125 20 g. br an 
190 g.cab. 

11.40 1842 121 50 g.bran 
165 g. cab. 

,11.40 1842 133 60 g.bran. 
g. cab. 

11,40 1871 

11..40 - 

,11.40 1571 

200 

Urine Total 
Ketones Urine 
in Ketones 
mg.A, per 

24 hr. 24 hr. 
__in g. in mg. 

19 -- - 1CC al 

88 C.1 0.1 134 168 

162 3.0 3.6 1C9 132 

231 5.5 7.o 154 205 

172 40 g. br c*ln. 151 
25V g. cab. 

183 20 g.bran 
250 g. cab. 

233 40 a.bran 151 
250 gecabe 

20 g. bran 
250 i>,. eab. 

0.8 1.4 

99 0.1 0.2 

k}2,11.40 1871 248 

0.1 0.2 

262.. 

A.P.E. 

1.5 g.per kg. 
( 5.8 c.c.) 

1.5 g.per kg. 
(5.4 çc.) 

1.5 g.per kg. 
(5.4 c.c.) 

2.0 g.per kg. 
(7.6 c.c.) 

2.0 g.per kg. 
(7.6 c.c.) 

2.0 r.per kg. 
( r.6 c.c. ) 

2.0 g.per kg. 
(7.6 c.c.) 

2.5 g.per kg. 
(9.5 e.c.) 

99 0.1 0.1 - - 2.45 g.per kg. 
(9.1 ci . c . ) 

,11.40 1942 198 10 g.bran 73 
250 g. cab. 

1,11.40 1814 145 

WOO 

- C.2 C.2 400 

L 'Ere 

ate 

sa 



Body 
Weight 
in g. 

Urine 
Volume 
in c.o. 

21. 

Rabbit 9. (Male) 

.Liet Total Urine Total Urine 'fetal A.P.E. 
per Ca ls. Sugar Urine Ketones Urine 
24 hr. per in Sugar in Ketones 

24 hr. ge% per mg. per 
24 hr. 24 hr. 
in g. in mg. 

263. 

1..... 
11.40 

8.1140 

,4,11.40 

1615 

1587 

138 

208 

100 g.bran 
250 g.eab. 

ICC g.bran 
250 g.eab. 

308 

3CS QM. .40 

,11.40 1615 

1558 

178 

148 

100 z:., bran 
25C g.eab. 

1C0 g.bran 

309- 

3C8 

- 

dIM 

25C g.eab. 

),12 .40 150 100 g.bran 
250 g.eab. 

308 el" CND 

112,40 1558 194 100 g.bran 309 - - - - - 

250 g.eab. 

,12,40 1615 164 100 gebran 308 - .111. 

250 g.cab. 

12,40 1643 169 100 g.bran 308 - - - - 1.0 f!. per kg. 
250 &cab. (3.2 c.c.) 

. '12,40 1757 108 100 g.bran 
250 g.cfab. 

308 - - - - 1.0 g, per kg. 
(3.6-e.e.; 

12.40 1729 143 50 g.bran 195 1.0 g. per 
22C g.cab. (3.4 e.c.) 

12,40 1643 230 30 g.bran 119 - 2x 1 g, per kg. 
220 g.cab. (6.4 e.e.) 

12,40 5C 2C g.bran 74 10. AIM an. IOW 

115 greab. 

12,40 1672 120 50 g.bran 168 1.5 g. per kg. 
200 g.eab. (5.2 c.c.) 

,1L40 17(4 128 60 g.bran 196 1.5 g. per kg. 
210 g.eab. (5.2 c.c.) 

.,12.40 1729 181 85 g.bran 267 1.5 g. per kg. 
240 g.eab. (5.2 e.e.) 

.12,40 1729 170 80 g.bran 252 .3 0.6 1.5 a per kg.. 
230 g.cab.. (5.2 C.C. 

..12,40 1700 31 Fasting 50 1.5 g. per kg. 
(5.2 c.c.) 

ilZ.40 1785 169 80 g.bran 256 0,4 0.d 2.0 g. per kg. 
250 g.cab. (7.2 c.c.) 



MP- - 

te: 

J2.40 

Body. 
Weight 
in g. 

Urine 
Volume 
in c.c.:, 

180 

j2.40 1757 265 

7,12, 40 1785 180 

J2.40 1914 241 

J2.40 1214 221 

J2.0 1785 232 

.12X 1785 205 

12.40 POO 218 

1,4O 1814 

4.40 1799 201 

,4.40 1806 209 

6,0.40 1785 218 

.12.40 1785 182 

Li et 
per 
24 hr. 

100 g. bran 
250 a...cab. 

100 g. br an 
250 

1CC ge bran 
250 g. cab. 

100 g. bran 
250 g. cab. 

NO Fe bran 
250 a.cab. 

10C g. bran 
250 g.eab. 

10C g.bran 
250 g e a b 

80 g. br an 
250 gecab. 

10C e.brPn 
250 g. cab . 

10C g.brpn 
250 g. cab. 

100 g. bran 
25C g.eab. 

100 g,bran 
250 geeab. 

30 g. an 
25C g.eab. 

22. 

Total Urine 
Cals. 5u7ar 
per in 
24 hr. g. % 

264. 

Total Urine Total A.P.E. 
Urine Ketones Urine 
Sugar in Ketones 
r X per 
24 hr. 24 hr. 
In r5.4 in mg.. 

308 

308 

e 6 al* 

2.0 g. per kg. 
(6.8 c.c.) 

308 2.0 g. per kg. 
(7.2 .(2.) 

3CB 2.5 6.0 - 2.0 g. per kg. 
(7.2 c.c.) 

308 2.3 5.1 - - 2.0 g. per kg. 
(7.2 c.c.) 

308 6.6 15.3 - - 2.0 g. per kg. 
(7.2 c.c.) 

308 3. 3 6.8 - - 2.5 g. per kg. 
(9 c.c.) 

256 0.3 0.7 _ - 2.5 g. per kg. 
(9 c.c.) 

308 2.5 g. per kg. 
(9 c.c.) 

3f13 2.5 g. per kg. 
(9 c.c.) 

308 

308 

on. aSIO 11. 

so, 

KILLE D. 



23. 265. 

Rabbit 10. ( Female) 

Body Urine riet Total Urine Total Urine Total A.P.E. 
Weight Volume per Cale. Rugar Urine Ketones Urine 
in g. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg. % 
24 hr. 
in fL_ 

per 
24 hr. 
in a g. 

12!.40 

1,t:0 . 

1,4:0 

1814 

1814 

38. E1 

152 

180 

174 

100 g. bran 
3CC;. 

100 g.bran 
300 g.cab. 

100 g.bran 

318 

318 

318 .119 

me, 

- B1ank . 

ago 

35-;r 
- 

1,4;G 1956 151 

300 g.cab. 

100 g.iaran 318 ear el 

300 g.cab. 

1:10 
. 1871 170 70 g.bran 237 CND . 

290 g.cab. 

1,40 185 100 g. bran 318 
300 g. cab. 

4:C 193G 173 10C g.bran 318 
3tc g. cab. 

1927 181 100 g.bran 314 
280 g.cab. 

, 40 1956 122 100 g. bran 318 ISM 41.10 ova 

3CC'. g.cabe 

40 1984 131 10C g. bran 318 r MIR 1.0- 
y 

..per kg. 

,1,40 1984 1C.') 

303 g. c zab , 

50 g.bran 177 . 
(4 c.c.) 

-- 1.0 g. per kg. 
250 g.cab. (4 c.c.) 

1,1,40 1927 110 30 g.bran 129 - 2 x 1 g.per kg. 

\ 

270 g.cab. (7.6 c.c.) 

,,1,40 83 70 g. bran 219 12 10 
190 g.cab. 

,1,40 1956 106 80 g. bran 247 ® w _ _ 1.0 g. per kg. 
20C g. cab. ( 3.8 c.c.) 

4'le4C 1871 80 20 g.bran 8C 0.7 C.6 1C 8 1.5 g. per kg. 
150 g. cab. (5.8 c.c.) 

,1,40 1871 E5 0 g.bran 28 1.8 1.2 184 120 1.5 g. per kg. 
15G g.cab. (5.8 c.c.) 

!'1,4C 1842 101 30 g.bran 97 3.7 3.7 539 544 1.5 g. per kg. 
1L00 g. cab. ( 5.8 c.a.) 

Blank has been deducted from both percentage and 
total ketones. 



Body re, 
We-ht 
in g. 

24. 266. 

:rine Diet Total Urine Total Urine Total A.P.E. 
Velume per Cal. Sugar Urine Ketones Urine 
in c.c. 24 hr. per in Sugar in Ketones 

24 hr., g.% per mg.% per 
24 hr. 24 hr. 
in g. in mg. 

,40 1757 60 faEsting ? 6( 6.7 4.0 159 95 1.5 g.per kg. 
(5.4 c.c.) 

1iA0 1814 80 40 g.bran 149 2.0 1.6 131 105 1.5 g.per kg. 
240 g.cab. (5.4 c.c.) 

3.0 54 5 1.5 g.per kg. J1.40 - 106 Se g.bran 243 2-8 7 
180 g,cab. (5.4 c.c.) 

j,40 1871 129 100 g.bran 3C8 3.3 -.,.0 
. , 

- - 2.0 g.per kg. 
25C g.cab. (7.6 c.c.) 

j,40 1899 lli) 100 g.bran 3C3 1.q 2.1 - - 2.0 g.per kg. 
220 g.cab. (7.6 c.c.) 

JA 1927 146 100 g.br&n 318 2.3 3.4 2.0 g.per kg. 
30C g.cab. (7.6 c.c.) 

.1.40 1927 114 100 g.bran 318 0.9 1.0 - - 2.0 g.per kg. 
300 g.cab. (7.6 c.c.) 

1.40 1814 143 2C g.bran 9A) - - - - - 

15C g.cab. 

1.40 153C 190 o C - - - - - 

1.40 - 140 _ _ _ _ - - 

1.40 1643 72 

1,40 17CC 47 7C g.bran 211 
150 g.cab. 

1.40 170C 143 100 g.bran 312 
270 g.cab. 

6.v 



te. 

1,41 

I 

1,41 

\ 

.Aa 

25. 267. 

Rabbit 11. (Female) 

Body Urine 'let Total Urine Total Urine Total A.P.E. 
Weight Volume Per Cals. Sugar Urine Kettnes Urine 
in g. in c.c. 24 hr. pel, 1.n Sugar in Ketones 

24 hr. -.g_li per mg.% per 
24 hr. 24 hr. 
in g_. in mg. 

dAl 

17C( 

1672 

1645 

1643 

- 

170C 

1700 

17C( 

17CC 

1700 

1729 

- 

1729 

170C- 

29 

Inc 

68 

140 

130 

111 

133 

115 

146 

151 

94 

106 

142 

151 

95 

72 

100 

38 

10C g.bran 
3C0 g.cab. 

100 g.bran 
3C0 g.cab. 

100 g.bran 
3C0 g.cab. 

100 g.bran 
30C g.cab. 

10C gebran 
300 g.cab. 

100 g.bran 
300 g.cab. 

100 g.bran 
300 g.cab. 

100 &bran 
300 g.cab. 

1CC g.bran 
3CC g.cab. 

1CC g.bran 
3CC g.cab. 

100 g.bran 
300 g.cab. 

1CC gobran 
3CC g.cab. 

10C g.bran 
300 g.cab. 

100 g.bran 
300 g.cab. 

100 gobran 
3CC g.cab. 

100 g.bran 

318 

318 

318 

318 

31R 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

CICS 

If if et 

CIO 

I** 

NO* 

6/0 

- 

01. 

an, 

- 

ROO 

9/0 

na 

an* 

- 

Kr, 

Blank = 

@VA 

OP* 

IOU 

- 

oim 

* 
40 

eta 

am. 

os. 

coo 

- 

owe 

ISO 

OPP 

1.0 goper kg. 
(4.3 c.c.) 

1.0 gper kg. 

-1,41 17CC 

\ 

58 

percentage keto: 

50 g.bran 179 
260 g.cab. 

- _ - 1.0 g.per kg. 
(3.4 c.c.) 

- x Blank has been dedUcted from totalp but not from 



e. Body Urine List 
weight Volume pear 

in g. in c.c. 24 hr. 

2,41 .17CC 20 70 g. bran 

2.41 - 

22 g. hay 

- 61 79 g.bran 
150 g cab, 

2,41 1757 17C 80 g. bran 
300 g. cab. 

2.41 1757 136 1ie..( : g . brfa..n 
20C g.cab. 

,2, 41 1757 157 1 C t.': g. br an. 
23C g.eab. 

2,41 1757 

,241 17Cf.: 

2,41 172í 

125 10 
200 

g.bran 
g., cab. 

63 fasting 

8C 50 g.bran 
1500 c.cab. 

41 64 100 g. 3r8n 
I 25C g. cab. 

?, 41 1785 105 1(.%G g.bran 
30C g, cab. 

2,41 1785 156 1C4: 7.bran 
2CC g c ab , 

2, 41 1814 152 100 
200 

g. br Gu+ 
g.cab. 

2,41 1757 116 100 g. b.ra?^x 
2C( tg . c als . 

2,41 1871 51 100 g. bran 
2470 g. cab. 

,2, 41 1757 181 1+90 g. bran 
200 g. cab. 

2,41 _ 

2,41 1814 87 100 g. bran 
20C g. cab. 

127 100 g.bran 
200 g.cab. 

26. 

Total 
Cals. 
per 
24 hr. 

Vy 

Urine 
Sugar 
in 
g.% 

235 

213. 

265 .. 

301; 7.7 

305 9.4 

30C 6.0 

5.v 

159 5.0 

309 6.7 

318 7.0 

3C0 5.5 

30C 2.8 

3¡¡ I 3.0 

313 1.1 

3CC 0.9 

30C 0.04 

3C0 0.5 

111 10C g.bran 309 
250 g.cab. 

268n. 

Total Urine Total 
Urine ketones Urine 
Sugar in 
per mg. 
24 hr. 
in g. 

K et ianes 
per 
24 hr. 
in mg. 

- 2 x. I. C g. 

124 51 

per kg. 
(6.8 c.c.) 

e ., 1.5 g. per kg. 
(5.4 c.c.) 

10.5 129 121 1.5 g. per kg. 
(5.4 c,e.) 

14,8 232 201 1.5 g. per kg. 
(5.4 c.c.) - 

7.5 527 609 1.5 g, per kg. 
(5.4 c.c. ) 

30 3 

4.3 

701 404 1.5 g. per 
(5.4 c.c.) 

86 37 1.5 g. pee kg. 
(5.4 c.c.) 

55 10 1.5 g. per kg. 
(5.4 5.4 c.c.) 

7.4 30 ., 1.5 g. per kg. 
(5.4 c.c.) 

P.6 1.5 g. per ke. 
(5.4 c.c.) . 

4.3 i 
, 5 g. per kg. 
(5.4 c.c.) 

5 1.5 g. Jei kg 
(5.4 c.c.) 

1.5 g. per 
(5.8 c.c.) 

s.6 1.5 g. .der kg. 
(5.4 c.c.) 

0.1 1.5 g. ,,er kg. 
(5.4 c.c.) 

0.4 1.5 g. -)er kg. 
(5.4 c.c.) 

a w 2 GV`,.7 .\/ 
n p e kg. 
(7.2 c.c.) 



Body Urine 
e. 

Weight Volume 
in g. in c.c. 

.2.41 

1,2,41 

.01 

.2.41 

.231 

241 

,01 

.2.41 

2.41 

27. 269. 

Liet Total Urine Total Urine Total A.P.E. 
per Cale. Sugar Urine Ketones Urine 
24 hr. per in Sugar in Ketones 

24 hr. g.% per per 
24 hr. 24 hr. 
in g. in mg. 

1814 

1814 

170C 

1714 

1801 

1629 

1643 

1587 

1587 

128 

in 

35 

200 

143 

86 

76 

c. 

43 

35 

100 g.bran 
3CC g.cab. 

10C g.bran 
25C g.cab. 

0 gebran 
10C g.cab. 

0 g.bran 
1C0 gocab. 

100 g.bran 
165 g.cab. 

50 g.bran 
15C g.cab. 

100 g.bran 
250 g.cab. 

10C g.bran 
180 g.cab. 

318 

309 

19 

19 

293 

159 

309 

295 

*10 

Ole 

.10 

AO, 

atel 

atO 

IWO 

a.".104.111.0111.1. 

AEI 

WO 

IMP 

000 

OP" 

VIS 

ONO 

111. 

Wes 

2.0 g. per kg. 
(7.2 c.c.) 

2.0 g. per kg. 

611 

AI* 



te. 
Body 'Urine 
Weiglvt Volume 
In g. in c.c. 

OnervIMI,v o Ai 

,2,41 2197 210 

2239 172 

.2,41 

3,41 

3,41 

3, 

,41 

1,41 

fiat 
per 
-24 hr. 

28. 

Rabbit 12. (Female) 

Tetal 
Cain. 
per 
24 hr. 

100 g.bran 318 
300 g.cab. 

100 g.bran 318 
300 g.cab. 

2253 181 100 g.bran 
300 g.cab. 

2211 180 100 g.bran 
300 g.cab. 

2168 191 100 gebran 
300 g.cab. 

11 100 a.bran 
30C g.cab. 

2183 232 100 g.bran 
3CC g.cab. 

318 

318 

318 

318 

318 

2211 13C 100 &bran 318 
3CC g.cab. 

2126 124 fasting 

Aa 2154 72 80 &bran 23? 
150 g.cab. 

un. 2211 50 50 g.bran 168 
200 g.cab. 

.6j1 2211 54 50 g.bran 
250 g.cab. 

40 30 g.bran 
25C g.cab. 

.441 

3 .41 

2211 174 5C a.bran. 
3CC g.cab. 

2267 68 0 g.bran 
10C g.cab. 

2211 66 2C g.bran 
2CC g.cab. 

2239 67 

p41 2267 75 23 g.bran 
2bC 

has been deducted from total, but not fror percentage 
ketones 

177 

125 

187 

19 

89 

Urine 
Sugar 
in 
g.% 

6,7 

2.0 

270, 

Total Urine Total A.P.E. 
Urine Ketones Urine 
Sugar in Ketones 
p#.7** mg.% per 
24m'. 24 hr. 
in g. in mg. 

*MP 

'es 

Blank = 14 
* 

FOP 

%EA 

5.8 4.0 

NON 

WM. 

nag 

tr. 

RIM .1113 

IND 11.11. 

Yea CIO 

aka 

1.0 g. per kg. 
(4.2 c.c.) 

1.0 g. per kg. 
(4.4 c.c.) 

- 2x 1.0 g.per kg. 
(8.8 c.c.) 

- 1.0 J. per kg. 
(4.4.0.C.) 

330 215 1.5 g. per kg. 
(6.8 c.c.) 

2.3 1.5 798 518 1.5 g. per kg. 
(6.4 c.c.) 

413 267 1.5 g. per kg. 
(6.6 c.c.0 

99 2.0 1.5 905 728 1.5 g.per kg. 
(6.4 c.c.) 



INV 
0. 

oa 

.3.41 

01 

3.41 

3.41 

Al 

¡AI 

3,41 

'341 

Body 

Weight 
in g. 

Urine Liet 
Volume per 
in c.c. 24 hr. 

29. 

Total 
Cals. 
per 
24 hr. 

Urine 
Sugar 
in 
g.% 

Total 
Urine 
Sugar 
Per 
24 hr. 
in g. 

Urine 
Ketones 
in 
mg.% 

Total 
Urine 
Ketones 
per 
24 hr. 
in mg. 

271. 

A4P.E. 

2211 12 10 g.bran 73 1.2 1.2 1040 1047 1.5 g. per kg. 
25C g.cab. (6.4 c.c.) 

67 0.7 C.5 98 56 2.0 g. per kg. 
(8.8 c.c.) 

2239 131 50 g.bran 177 0.2 0.3 58 58 2.0 g. per kg. 
250 g.cab. (8.8 c.c.) 

2211 120 10 g.bran 73 41111110 20 7 2.0 g. per kg. 
25G g.cab. (8.8 c.c.) 

2211 138 2C g.bran 104 Ng* 2.0 g. per kg. 
280 g.cab. (8.8 c.c.) 

2267 92 60 g.bran 202 - 2.0 g. per kg. 
240 g.cab.- (9.0 c.c.) 

2295 125 95 g.bran 290 2.5 g. pe? kg. 
22C g.cab. (11.2 c.c.) 

2267 138 80 g.bran 256 Pra. eta IND Of. et* 

250 g.cab. 

- 116 95 g.bran 298 di& 

266 g..cab.. 

2041 93 70 g.bran 232 
260 g.cab. 

1984 260 100 g.bran 
300 g.cab. 

318 00.1, 1.1 

2041 153 100 g.bran 318 SIP 01,* 

300 g.cab. 



Body Urine 
' Weight Volume 

in g. in c.c. 

30. 

Rabbit 13 (Male) 

Liet Total Urine Total Urine Total A.P.E. 
per Cals. Sugar Urine Ketones Urine 
24 hr. per 

. in Sugar in Ketones 
24 hr. g.% per mg.% per 

24 hr. 24 hr. 
in g. in ng. 

,341 

1,3,41 

,341 
1 

3,41 

.41 

.3,41 

.3,41 

3,41 

3.41 

.3.41 

.3,41 

.3.41 

.3.41 

.3,4a 

1,41 

4,41 

4,41 

4.41 

2126 

2069 

2069 

2097 

2041 

- 

2183 

2097 

2097 

207 

2097 

2469 

- 

2041 

2041 

2012 

2041 

2041 

159 

162 

160 

172 

112 

131 

114 

295 

112 

115 

145 

162 

170 

203 

136 

61 

64 

35 

C g.bran 
290 g.cab. 

30 g.bran 
260 g.cab. 

50 F.bran 
240 g.cab. 

30 g.bran 
90 cab. 

20 g.bran 
290 g.cab. 

10 g.bran 
250 g. cab. 

30 &bran 
240 g.cab. 

2C rf.bran 
3Cr g.cab. 

60 g.bran 
230 g.cab. 

40 g.bran 
270 g.cab. 

40 g.bran 
280 g.cab. 

50 g.bran 
26C g.eab. 

0 g.bran 
30C g.cab. 

90 g.bran 
300 g.cab. 

30 g.bran 
30C g.cab. 

fasting 

30 g.bran 
280 g.cab. 

6C g.bran 
0 i7;.dab. 

54 

127 

175 

95 

106 

73 

123 

108 

20C 

155 

157 

179 

56 

291 

134 

130 

213 

OP 

- 

- 

400 

00 

-' 

- 

01* 

00. 

40. 

ren 

- 

Blank= 

Oa 

ORO 

Or. 

*OP 

28' 

fas. 

- 

100 

0. 

OS 

PO, 

004 

ODD 

00. 

00 

OS 

00, 

00 

Blank has been deducted from total, but not percentage 
ketones. 



Body Urine 
e. 

Weight Volume 
in g. in c.o. 

4,41 2069 

31. 

Ilet Total Urine Total 
rer Gals. Sugar Urine 
24 hr. per in Sugar 

24 hr. g.% per 
24 hr. 

116 50 g.bran 185 
290 g.eab. 

Urine Total 
Ketones Urine 
in Ketones 
mg. per 

24 hr. 
in my. 

Oa,» 

A.P.E. 

1431 
_. 

- - - 
-. 

- - - - 

0 2069 104 100 g.bran 290 - _ - - 1.5 g. ner kg. 
150 g.cab. (6.i c.c. 

4.ft 2041 149 0 g.bran rzr ,do - - - - 1.0 g. per kg. 
(4.0 c.c.) 190 g.cab. 

67 65 g.bran 213 - 260 155 1.5 g. per kg. 
230 g.cab. (6.0 c.c.) 

.Qa 2C07 59 0 g.bran 46 - - 552 309 1.5 g. per kg. 
250 g.cab. (6.3 c.c.) 

,441 2097 78 40 g.bran 145 _ - 20 0 1.5 g. per kg. 
215 g.cab.. (6.3 c.c.) 

4.41 2183 123 . 
20 g.bran 99 6.2 7.6 52 30 1.5 g. per kg. 

250 g.cab.. (6.6 c.c.) 

4,41 - 112 50 g.bran 179 8.8 9.9 750 809 1.5 g. per kg. 
260 g.cab. (6.6 c.c.) 

1,41. 2154 139 fasting - 9.8 13.6 932 1257 1.5 g. per kg. 
(6.3 c.c.) 

441 2041 

4.41 2154 187 7C .bran 237 0.2 0.3 53 47 1.5 g. per kg. 
290 g.cab. (6.3 c.c.) 

4.41 2126 130 5C g.bl'an 184 
285 c.cab. 

e", C.1 3/1 8 1.5 g. per kg. 
(6.6 c.c.) 

4,41 2154 110 50 &bran 197 1.5 g. per kg. 
30C g.cab. (6.3 c.c.) 

4,41 2133 132 fastin C.2 0.3 1.5 g. per kg. 
(6.3 c.c.) 

4.41 2154 260 10C g.bran 318 - - - 1.5 g. per kg. 
30C g.cab. (6.3 c.c.) 

.4.41 - 221 50 g.bran 187 - - - - 1.5 g. per kg. 
30C g.cab. (6.3 c.c.) 

246 100 g.bran 318 _ - - _ 1.5 g. per kg. 
300 g.cab. (6.3 c.c.) 

2183 192 20 g.bran 108 _ - _ - 1.5 g. per kg. 
300 g.cab. (6.3 c.c.) 

4.41 2154 

1,1.41 



32. 274. 
Boy Urine Met Total Urine Total Urine Urine A.P.E. 

° Weight Volume per Gals. Sugar Urine Ketones Urine 
in f. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg. to per 
24 24 hr. hr. 
in g. in mg. 

4.41 206/ 

0,41 204! 

4,41 1956 136 20 g.bran 108 
$00 g.eab. 

0.41 1984 

279 1CC g.bran 318 
30C g.eab. 

360 0 g.bran 56 
300 g.eab. 

286 20 g.bran 108 
300 g.eab. 

.4,41 1956 235 

*/1 

1.6 g. per kg. : 

(6.3 c.c.) 

.4,41 1927 196 C [T.bran 56 
300 g.cab. 

4,41 1955 202 20 g.bran 95 
23C g.eab. 

p4,41 1955 215 10 g.bran 22 
30C g,eab. 

,11. 1542 253 0 g.bran 56 
300 g,cab. 

*OD 

(Si 

eV* ad 

VI* 

1:012. 



e. 

4.41 

,4.41 

Body 
Weight 
in g. 

,4,41 

4,41 

4,41 

5.41 

3.41 

.41 

31 

%41 

64 

Al 

5,11 

5,41 

Urine 
Volume 
in c.c. 

Diet 
per 
24 hr, 

33. 

Rabbit 14 (Male) 

Total Urine Total Urine Total 
Ca ls. Sugar Urine Ketones Urine 
per in Sugar in Ketones 
24 hr. g.A per mg. per 

24 hr. 24 hr. 
in g. in mg. 

275. 

A.P.E. 

2C12 14C 70 g, bran 
3CC g.cab. 

239 PIP ao 

2012 167 70 g.bm.n 239 PP 

115 

300 cab. 

70 g.bran 239 -131ank39 te. 

30C g.cab. 

1984 155 70 g.bran 239 NM 4P.N 

30C g.cab. 

1984 148 80 R,bran 
24C R. cab. 

954_ OW, 

'1899 37 fasting ?12C 1.5 g. per kg. 
(6 c.c.) 

1927 66 0 g.bran 2S 1.5 g. per kg. 
150 -g.cab. ( 5.7 c.c. ) 

1984 130 10 g.bran 76 0.9 1.1 1.5 g. per kg. 

1984 203 

270 g. cab. 

40 g.bran 159 1.9 3.9 et. 

(6 c.c.) 

1.5 g. per kg. 
290 g.cab. (6 c.c.) 

188 5.0 9.4 1.5 g. per kg. 
(6 c.c.) 

1927 110 fasting 0.4 0.4 64 61 g. per kg. 
(5.8 c.c. ) 

1956 16C C g.bran 48 32 37 1.5 g. per kg. 

1927 16C 

260 a.cab, 

2C g.bran 97 4.7 7.5 

(5.8 c.c.) 

1.5 n OP kg. 
24C g.cab. (5.) c.c.) 

1927 226 90 R. bran 291 4.4 10.0 1.5 g. per kg. 
3(dO &cab. (5.8 c.c.) 

1927 115 30 g. bran 134 6.2 1.5 g. per kg. 
3CC g. cab. (5.E1 c.c.) 

1899 148 20 g. bran 
230 ff ab 

95 r, 1.3 1.5 g. per kg. 
(5.7 c.c.) 

22C 0 g.bran 46 - - - PP 

250 g.cab. 

131ank has been deducted from total, but not percentage 
ketones. 



34. 276 , 

e, 
Body Urine ¡let Total Urine Total Urine Total A.P.E. 
Weight Volume per Cals. Sugar Urine Ketones Urine 
in g. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg.% per 
24 hr. 24 hr. 

WPOO.O.......maa..., 
in g. 

5.41 1842 220 80 g.bran 265 
300 g.cab. 

,5,A1 1814 197 20 get-wan 108 
300 g.cab. 

5,41 1814 151 30 g.bran 140 
330 g.cab. 

Wa 1814 228 60 g.bran 229 
388 g.cab. 

OOP 

VOO 

OSO 

of* SOO 

OlD ow. 

so% SOS SOO 

COW 

OSO 



NIP 

Body 
Weight 
in g. 

35 

Rabbit 15. (Male) 

Urine Liet Total .Urine Total Urine Total A.P.E. 
Volume per Cals. Sugar Urine Ketones Urine 
in C.C. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg. per 
24 hr. 24 hr. 

_ILE______ innig. 

,541 2183 152 100 g.bran 316 
290 g.cab. 

'5,41 2154 135 90 g.bran 288 
280 g.cab. 

5,111 2126 198 80 g.bran 263 
290 g.cab. 

541 

2154 140 10C g.bran 312 
270 g.cab. 

122 1CC g.bran 318 
3CC g.cab. 

,5,41 2154 

,5,41 2239 

,5,41 2211 

,5,41 2211 

,5,41 2183 

,5,41 2126 

- 

541 2097 

i,5,41 2069 

210 80 g.bran 261 
275 gocab. 

80 '20 g.bran ICI 
260 g,cab. 

62 20 g.bran 93 
220 g.cab. 

27 2C g.bran 78 
140 g.cab. 

59 5 g. bran 32 
10C g.cab. 

BC 50 &bran 168 
20C g.cab. 

97 20 g.bran 99 
250 g.cab. 

72 80 g.bran 250 
220 g.cab. 

68 10 gebran 77 
275 g.cab 

20 g.bran 108 
300 g.cab. 

,5,41 2154 103 

.541 2C97 87 

1,5,41 2097 

fasting ? 

far 

- Blank. 20 

at, 

as: 

400 

OS. 

277 - 

1.5 g. per kg. 
(6 c.c.) 

1.5 g. per kg. 
(6.6 c.c.) 

1.5 g. per kg. 
(6.6 c.c.) 

- - 78 16 

- _ 110 1CC 

003 0.2 148 118 

0.6 0.6 23q 232 

1.9 1.4 249 165 

3.3 2.3 195 119 

1.1 1.1 32 12 

0.9 0.8 - - 

bas been deducted from total, but not percentage 
ketones. 

1.5 g. per kg. 
(6.6 c.c.) 

1.5 g. ,er kg. 
(6.6.c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 

1.5 g. per kg. 
(6.0 c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 



36. 278, 
Rabbit 21 (Female) 

te. Body Urine riet Total Urine Total Urine Total A.P.E. 
Weight Volume per Cals. sugar Urine Ketones Urine 
in. g. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per 
.t-. mg.% per 
24 hr. 24 hr. 
in g. in mg. 

,..510071160.11.... *clew. lat....19 

!.9,41 1984 

,941 194 

149 

94 

100 g.bran 
200 g.cab. 

100 g.bran 

299 

299 Mit 

OS, 

200 g.cab. 

941 2C41 178 100 g.bran 299 .16 

200 g.cab. 

941 1984 151 100 gebran 299 
200 gocab. 

,9.41 1984 123 100 gebran 
200 g.cab. 

299 

62 100 g.bran 299 * * * 
200 g.cab. 

9.41 1927 230 lee g.bran 299 

SAa 1956 83 

200 gocab. 

20C g.bran 561 ay. 

20C g.cab. 

.).14411. 2126 120 20C g.bran 561 
20C g.cab. 

-0.41 2183 194 200 g.bran 561 1.5 g. per kg. 
20C g.cab. (6.8 c.c.) 

10.41 2154 68 0 g.bran 25 - _ - - 1.5 g. per kg. 
135 g.cab. (6.3 c.c.) 

10,41 2097 98 0 g.bran 18 _ .- 
- - 1.5 g. per kg. 

90 g.cab. (6.2 c.c.) 

_ 159 0 g.bran 37 .- 
_ - 1.5 g. per kg. 11C,41 

2CC .cab. g (6.2 c.c.) 

10,41 2041 233 35 g.bran 127 _ _ _ - 1.5 g. per kg. 

1C,41 207 73 

190 g.cab. 

84 g.bran 26C aiv 

(6.0 c.c.) 

1.5 g. per kg. 
2CC g.cab. (6.1?, c.c.) 

.c,AU 2041 129 105 g.bran 305 111. de. 1.5 g. per kg. 

0.41 2154 125 

160 g.cab. 

135 g.bran 376 0.7 0.9 aSO 

(6.0 c.c.) 

1.5 g. per kg. 
120 g.cab. (6.0 c.c.) 



e. 

37. 

Body Urine riet Total. Urine Total Urine Total A.P.E. 
Weight Volume per Cale. Sugar Urine Ketones Urine 
in g. in C.C. 24 hr. per in Sugar in Ketones 

24 hr, g. % per M.'h per 
24 hr. 24 hr. 
in g. in mg. . 

. 

279, 

10,41 2211 179 10C g.bran 299 4.4 7.9 1.5 g. per kg. 
200 g.cab. (6.6 c.c.) 

10,41 2154 187 fasting ?200 2.8 5.1 1.5 G. per kg. 
(8.0 c.c. 

10.41 - 199 200 g.bran 561 0.1 0.2 1.5 g. per kg. 
200 g.cab. (6.0 c.c.) 

j0.41 2211 164 125 g.bran 365 1.1 1.0 
200 g.cab. 

1(441 . 22,3.9 269 130 &bran 578 0.6 1.7 
20C g.cab. 

10.41 2267 209 140 g.bran 404 1.6 5.5 
200 g.eab. 

J0.41 2239 240 120 g.bran 361 0.2 0.5 
250 g.cab. 

10.41 2154 235 0 g.bran 46 
250 g.cab. 

10.41 2126 20 g.bran 95 
230 g.cab. 

40.41 112 60 g.bran 204 
250 g.cab. 

441 1927 295 0 g.bran 37 
20C g.cab. 

J41 1842 255 0 gebran 47 
255 gocab. 

J0,41 1757 89 C g.bran 19 
100 g.cab. 

MO 

1.5 g. per kg. 
(6.2 c.c.) 

- 1.5 g. per kg. 
(6.6 c.c.) 

- 1.5 g. per kg. 
(66 c.c.) 

- 1.5 g. per kg. 
(6.6 c.c.) 

eV. 091. 11111. 



38 . 
--. 

2£30., 

Rabbit 22. (Female) 

te. Body Urine tiet Total Urine Total Urine Total A.F.F. 
Weight Volume per Cals. Bugar Urine Ketones Urine 
in g. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per ng. % per 
24 hr. 24 hr. 
in g. in mg. 

,19.41 

,10.41 

,10.41 

,10.41 

,10,41 

,.10.41 

10,41 

10,41 

,10.41 

,10.41 

,10.41 

,10,41 

1C.41 

11C.41 

,10.41 

.10.41 

,,10.41 

2211 

2097 

2154 

2211 

2211 

- 

2211 

2154 

2211 

2267 

2183 

2183 

- 

2211 

2211 

2239 

2154 

158 

205 

244 

186 

166 

112 

115 

179 

82 

98 

130 

21 

13 

93 

57 

108 

62 

10C g. bran 
110 r" .cab. 

150 g.bran 
2CC g. cab. 

150 g.bran 
250 g. crib. 

200 ä. bran 
30C g.cab. 

200 g.b:an 
300 g. cab. 

200 g.bran 
300 g. cab. 

20(0+ g.bran 
3CCr _fz.cab. 

180 g. br an. 
265 g.cab. 

190 g. bran. 
230 g.cab. 

200 g. bran 
300 g:. cab. 

110 g.bran 
120 g.cab. 

`i¡5; r.bran 
160 g.cab. 

20 g. bran 
115 g. cab. 

130 g.bran 
210 g. cab. 

80 g.b .r. an 
1?0 g. cab. 

100 g.brarn 
210 g.cab. 

120 g.bren 
300 g. cab. 

282 

430 

439 

580 

580 

580 

580 

521 

54i:° 

580 

310 

226 

74 

3i3î, 

241 

301 

37C 

PIP 

OMB 

... 

POO 

POP 

VIM 

VINO 

C.06 

1.3 

1.4 

IMP 

VIP 

.. '3iank. 

PPP 

111.1 'OM 

C.0 3 - 

1.4 - 

0.9 - 

20 

alo 

PIP 

- 

- 

- 

-- 

- 

- 

IMO 

- 

1.5 g. per kg. 
(6.8 c.c.) 

1.5 g. Fer kg. 
(6.4 c.c.) 

1.5 g. per kg. 
(6.4 c.c.) 

1.5 g. per kg. 
( 6.4 c.c.) 

1.5 g. per kg. 
(6.6 c. c. ) 

1.5 g. r,er kg. 
( 6.6 c.c.) 

1.5 g. per kg. 
( 6.6 c.c.) 

1.5 g. per kg. 
(6.3 c.c.) 

Blank has been ,deducted from total, but not .ercentage 
ketones. 



39. 

e. 
Body Urine Iiet Total Urine 'Petal Urine Total A.F.E. 
Weight Volume per Cals. Sugar Urine Ketones Urine 
in g. in c.c. 24 hr. rer in Sugar in Ketones 

24 hr, g.% per Tng.% per 
24 hr. 24 hr. 
in g. in mg. 

10.41 2154 112 130 g.bran 359 47 5.3 - .. 1.5 g. 1;er kg.H 
100 g.cab. (6.3 c.c.) 

1.41 2154 171 110 gebran 320 6.2 10.6 166 250 1.5 ge per kg. 
17o g.cab. (6.3 c.c.) 

111,41 - 285 100 g.bran 318 6.6 18.7 105 242 1.5 g. per kg. 
300 g.cab. (6.3 c.c.) 

1.41 2097 282 162 g.bran 473 8.0 22.6 65 127 1.5 g. per kg. 
26C !i.cab. (6.2 c.c.) 

1,41 2097 237 120 g.bran 37C 6.7 15.8 65 107 1.5 g. per kg, 
3CC g.cab. (6.2 c.c.) 

1.41 2183 171 16C g.bran 475 7.2 12.2 _ - 1.5 R. per kg. 
300 g.cab. (6.3 e.c.) 

1.41 2154 271 150 g.bran 442 3.3 9.0 - - 1.5 g. per kg. 
300 g.cab. (6.3 c.c.) 

1.41 2211 17C 120 g.bran 36F4 2.4 4.1 - - 1.5 Z. per kg. 
29C g.eab. (6,6 c.c.) 

1,41 2154 226 90 g.bran 306 1.3 2.9 - . 1.5 g. per k& 
380 g.cab. (6.3 c.c.) 

11.41 - 310 100 g.bran 336 - - - _ 1.5 g. per 1>. 
400 g.cab. (6.3 c.c., 

281. 

11.41 1927 124 30 g.bran 108 
160 -.cab. 

11,41 2C12 127 10 bran 7. - 

27C g.cab. 

11,,41 1927 12C 4C g.bran 155 - - _ 

270 g.cab. 

U41 1984 92 120 g.bran 353 _ 

21C g.cab. 

111.41 2041 194 70 F.bran 24R - _ 

350 g.cab. 

ì.41 2041 170 40 g.bran 152 
255 g.cab. 

,111.41 109 

2012 230 110 g.bran 332 
240 g.cab. 

d1.41 2041 99 75 g.bran 247 
275 g.cab. 

0.0 .1110, 

Nab 

010 

. 100 1180 010 

/No 

O 0D 



,e. Bedy Urine 
Weight Volume 
in g. in c.c. 

-----W 

40. 
Rabbit 25. (Male ) 

Diet 
Fer. 
24 hr. 

Tctal Urine 
Cals. FAIgar 
per 

y hr. 
7.n 

24 r. g. % 

Total 
Urine 
Sugar 
per 
24 hr. 
in C. 

282, 

Urine Total A.P. A.P.E. 
Ketones Urine 
ir Ketones 
m ° per g. /' r 

24 hr. 
in mg. 

2.42 2041 96 100 g.bran. 2`3=? 11110 

200 g. cab. 

2.,42 2012 157 90 g.b'an 286 IMO 

270 g.cab. 

2,42 2C41 186 100 g.bran 318 IMP 

300 g. ceb. 

2,42 2041 122 100 g.bran 296 - Blank 28 
185 . cab a 

2,42 - 183 100 g. bran 314 401, orte 

2,42 2041 149 

280 g.cab. 

100 g.bran. 306 408 ale 

240 

2,42 2041 84 4G p.bran 138 
180 g.cab. 

2.,42 2041 130 90 g.bran 290 400 We MID 

295 g.cab. 
2.,42 2069 135 

24C 
g,. bran 

24 e g . c a 77 
êJ . 

2P 0 OW 

.,42 2041 142 10C g.bren 303 _ 1.5 g. per kg. 
22C a'. cab. (6 c.c.) 

i2,,42 2C12 82 60 g. bran 194 _ 1.5 g. per kg. 
190 g.cab. (6 c.c.) 

.3,42 126 C g. br f3n 33 - - 1.5 g. per kg. 
180 g.cab. ( Ei c.c.) 

1984 .. 0 rr.bran 19 -. - 1.5 g. per kg. 
10C:- g. cab. (6 c.c.) 

3 42 1927 53 g.bran 13 - _ 379 186 1.5 g. per kg. 
¡0 70 g.cab. (5.7 c.c.) 

3.12 1927 18 C g, brran 19 m _ 70 8 1.5 g. ..r,er kg. 
100 fr. cab. (5.7c.c.) 

k 42 1871 66 40 g. bran 123 C .6 C.4 62G 391 1. 5 g. per kg. 
10C e. cab. (5.6 e.C.) 

1,6, 42 1814 27 10 g.bran 77 - .- 129 27 1.5 g. per kg. 
110 g. cab. (5.6 e.c.) 

;6.12 1814 43 fasting 0.7 C.3 143 50 1.5 g. per kg. 
(5.6 c.c.) 

. Blank haÇ been deducted from total, but net percentage ketones. 7411 



41. 233, 

Body Urine [let Total Urine Total Urine Total 
Weight Volume per Cals. Sugar Ur4,is.a Ketones Urine 
in g. in e.e. 24 hre per in Sugar in Ketones 

24 hr. g.% per mg.% per 
24 hr. 
In g. 

24 hr. 
in mg. 

74444 *444°*.20.20 

3,42 

A2 

542 

6.42 

1342 

$0 

3.42 

,3.42 

L42 

L42 

3.42 

.3,42 

1927 

1927 

1984 

2G12 

1927 

1984 

1956 

1927 

1984 

1984 

34 

70 

74 

110 

183 

194 

168 

170 

185 

178 

195 

145 

20 g.bran 
190 g.cab. 

70 g.bran 
22C g.eab. 

100 g.bran 
225 g.cab. 

100 g.bran 
160 g.eab. 

100 g.bran 
200 g.cab. 

10C g.bran 
285 g.eab. 

100 g.bran 
270 g.cab. 

10C g.bran 
260 g.eab. 

95 g.bran 
250 g.eab. 

10C g.bran 
250 g.eab. 

100 g.bran 
300 g.cab. 

100 g.bran 
30C g.cab. 

89 

224 

3C4 

292 

249 

315 

312 

310 

295 

3C13 

318 

318 

2.6 

1.6 

C.3 

L.1 

000 

11710 

0012 

0.9 

1.1 

C.2 

.200 

200 

110 

0212. 

4002 

/2 

28 

2172 

027P 

1.0 

1.5 g. per kg., 
(5.6 c.c.) 

le 

700 

21122 

01212 

Ina 

4010 



te. Body 
weight 
in g, 

4,42 2097 

4,42 2097 

4,42 2041 

4,42 2C41 

4.42 

,42 2041 

ii.42 1984 

1,42 2041 

4.12 2C41 

1,4,42 2012 

.4.42 2041 

,4,42 - 

Blank has 
' ietenes . 

42. 
jaatials,_26 (Male) 

284.. 

Urine 
V 0 lume 

net, 
per 

Total 
Cals. 

Urine 
Sugar 

Total 
Urine 

Urine Total 
Ketones Urine 

A. . E. 

in c.c. 24 hr. per in Sugar in Ketone:3 
24 hr. g.% per ing.% per 

24 hr. 
in g. 

24 hr. 
in mg. 

92 85 &bran 29C ow. dEl* 

200 g.cab. 

92 

20. g ha-y 

70 g.bran. 249 orn "ID 

190 g.cab. 

181 

2C ghay 
90 g.bran 308 peg GO 

230 g.cab. 
2G g.hay 

217 30 g. br an 140 - Blank = 
170 g. cab. 

20 g. hay 

98 50 g.brrn 19B 
200 g. eab. 

20 g.hay 

103 80 g. bran 286 - - - - - 
250 g.cab. 

2C g.hay 

15C 1CC g.bran 342 - - - - 1.5 g. per kg. 
270 g. cab. (6 c.c.) 

2C g.hay 

53 5C F. br an 198 2.1 1.1 - - 1.5 g, per kg. 
2CC g.cab. ( 6 c.c.) 

2C g.hay 

44 0 g.bran 54 6.7 2.9 - - 1.5 g. per kg. 
130 g.cab. (6 c.c.) 

20 g.hay 

56 e g.bran 49 3.8 2.1 - - 1.5 g. per kg. 
100 g. cab. ( 6 c. c. ) 

20 g.hay 

47 . C gebran 76 3.4 1.6 - 1.5 g. per kg. 
250 g.cab. (6 c.c.) 

20 g.hay 

89 e g.bran 71 3.5 3.1 820 695 15 g. per kg. 
22C g.cab, 

2C g.h.ay 
( 6 c . c . ) 

been eseUcted from total, but not percentage 



43. 
' 285. 

e 
Body Urine Let Total Urine Total Urine Total ¡.P.E. 

. . . 

Weight Vclume per Cels. Sugar Urine Ketones Urine 
In g. in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg.% per 
24 hr. 24 hr. 
In g. in mg. 

.42 2C69 98 C gebran 62 3.4 3.3 - _ 1.5 g. per kg. 
175 g.eab. (6 c.c.) 
20 g.hay 

4,42 2C69 54 0 &bran 62 6.5 3.5 45C 216 1.5 g. per kg. 
170 g.cab. (6 c.c.) 
20 g.hay 

4,42 2041 147 C g.bran 84 3.0 4.4 _ - 1.5 g. per kg. 
290 g.eab. (6 c.c.) 
20 g.hay 

02 2154 50 25 g.bran 146 2.3 1.2 - _ 1.5 7. per kg. 
275 g.cab. (6 c.c.) 
20 g.hay 

.4.42 2211 66 30 gebran 155 0.8 C. e" - 1.5 g. per kg. 
25C g.cab. (6.3 c.c.) 
2C g.hay 



e4 Body Urine 
Weight Vo1une 
in g. in c.c. - Lie ú 

per 
24 hr. 

44. 

Rabbit 29. (Female) 

Total Urine. Total Urine Tctal 
Cals. Sugar Urine Ketones Urine 
per in Sugar in Ketones 
24 hr. g.% per mg.% per 

24 hr. 24 hr. 
in g. in rng. 

A.P.E. 

286, 

4,42 1984 160 80 g.bran 295 - - 
300 g.cab. 
20 g.hay 

4,42 2041 147 100 g. brnr! 335 - - Blank p 41.: fan 

230 g. cab. 
20 g.hay 

4.42 2012 83 70 g.bran 263 
270 g.cab. 
20 g.hay 

4.42 2012 125 65 g.bran 230 
160 g.cab. 

2 2041 175 

20 g.hay 

70 g.bran 265 r 
280 g.cab. 
20 g.hay 

,42 2012 126 75 g. bran 274 - - a- - 
255 g. cab. 
20 g.hay 

.42 - 28 35 g.bran 
g...a.i. 

15C w _ R - 

20 g.hay 

412 1084 96 35 g. brpr 14C __ m _ - 

100 g.cab. 
2C g. hay 

ON 1956 56 0 g. br. an 54 - - - - 

13C g.cab. 
2Cg.k?ay 

42 2041 50 0 g.bran 67 - - - - 

200 g.cab. 
20 g, hay 

AN 2041 57 30 g.bran 131 R - - 

12C g.cab. 
20 g. hay 

p,442 2012 75 30 g. bran 133 2.7 2 . C - -- 

130 g. cab. 

1 
20 g.hay 

Blank has been deducted from the total, but not percentage 
ketones. 

- 

1.5 g. per kg. 
( 6 c.c.) 

1.5` ;¡¡=. per kg. 
( V c.c.) 

1.5 g. per kg. 
(6 c.c.) 

1.5 g. per kg. 
(5.7 c.c.) 

1.5 g. per kg. 
(6 c.c.) 

1.5 g. ;;Gr kg. 

(6 c.c.) 

1.5 g. per kg. 
( tï c.c.) 



1 0 Bcdy Urine 
Weight Vclume 
in g. in c.c. 

.42 

,5.42 

,5,42 

15,42 

.5%42 

5,42 

b,42 

5.42 

5,42 

5,42 

,5142 

542 

.5,42 

45. 287, 
fiat Total Urine Total Urine Total 
per Cals. Sugar Urine Ketcnos Urine 
24 hr. per in sugar in Ketones 

24hr. g.% per mg.% per 
24 hr. 
in g. 

24 hr. 
in mg. 

1984 94 fasting r 1 0.1 1.5 g. per kg. 
(6 c.c.) 

89 50 g.bran 189 1.8 1.6 1.5 g. per kg. 
150 g.cab. (6 c.c.) 
2C g.hay 

1956 22 0 g.bran 34 .111:111 1.5 g. per kg. 
20 g.cab. (5.7 c.c.) 
2C g.hay 

1956 34 40 g.bran 146 - - 667 213 1.5 g. per kg. 
6C g.cab. (5.7 c.c.) 
2C g.hay 

1899 26 10 g.bran 80 - - 390 91 1.5 g. per kg. 
130 g.cab. (5.7 C.C.) 
20 g.hay 

1899 248 50 g.bran 198 IMO .111Y 

200 g.cab. 
20 g.hay 

at. 1927 225 55 g.bran 224 ON. 

27C g.cab. 
20 g.hay 

1927 212 80 g.bran wa mag 

250 g.cab. 
20 g.hay 

143 70 g.bran 263 c't 

270 g.cab. 
20 g.hay 

1956 103 90 g.bran 307 ION Is 411. 

220 g.cab. 
2C g.hay 

1956 101 40g.bran 176 MID 402 .111S 

220 g.cab. 
2C g.hay 

1956 178 100 g.bran 348 
30C g.cab. 
2C g.hay 

184 165 10C g.bran 348 .c9le di* 

30C g.cab. 
20 g.hay 



Body Urine 
e. 

Vtlune 

46. 
Rabbit 30 (Female) 

Liet Total Urine Total Urine Total A.P.E. 
i 

per Cals. SugEir Urine Ketones Urine 
in g. in c.c. 24 hr, per in Sugar in Ketones 

24 hr. g.% per mg.% per 
24 hr. 24 hr. 
in g. in mg. 

288. 
7 

mologe. ------------ 
.412 

10 

.42 

.42 

42 

1442 

16,42 

5,,42 

5.42 

.M2 

¡5.,42 

' 

1927 121 

1984 91 

1927 148 

1984 56 

1984 142 

1984 95 

- 170 

2C12 36 

1984 47 

1927 79 

1927 169 

1927 114 

50 g.bran 209 
260 g.cab. 
20 g.hay 

40 g.bran 185 
27C g.cab. 
20 g.hay 

30 g.bran 16C 
275 g.cab. 
20 g.hay 

C g.bran 62 - &Ink, 42 
175g. cab. 
2C g.hay 

50 g.bran 212 
275 gocab. 
20 g.hay 

40 g.tran 185 
270 g.cab. 
20 frohay 

60 g.bran 237 
270 g.cab. 
20 g.hay 

0 g.bran 46 
85 g.cab. 
20 g.hay 

35 g.bran 150 
150 g.cab. 
20 g.hay 

50 g.bran 202 
22G g.cab. 
20 g.hay 

IMP 

40. 

Amy 

ONO 

70 g.bran 269 - - 1.5 g. oer kg. 
300 g.cab. (5.7 c.c.) 
20 g.hay 

40 g.bran 172 _ 1.5 g. por kg. 
2C0 g.cab. (5.7 c.c.) 
20 g.hay 

Blank has been dedueteC frcm total, but not percentage 
ketones. 



Bocy e. Weight 
g. 

47. 

Urine Liet Total Urine Total Urine Total 
Volume per Cals. Sugar Urine Ketones Urine 
in c.c. 24 hr. per in Sugar in Ketones 

24 hr. g.% per mg.% per 
24 hr. 24 hr. 
in g. in mg. 

289, 

A.P.E. 

01..6 

5.42 1956 92 25 g.bran 
16G g.cab. 

125 1.5 a per kg. 
(5.7 c.c.) 

20 g.hay 

5.42 
- 34 20 g.bran 

225 g.cab. 
124 - - - 1.5 g. ;er kg. 

(5.7 c.c.) 
20 g.hay 

42 1899 120 0 g.bran 
70 g.cab. 

43 _ 1-5 g. Der kg. 
(5.7 c.c.) 

20 g.hay 

.50 1994 25 50 get:ran 
130 g.cab. 

1B5 1.7 C.4 _ 1.5 g. per kg. 
(6 c.c.) 

20 g.hay 

,5.42 1971 ICS 40 g.bran 
60 g.eab. 

146 3.7 a.0 _ - 1.5 R:, per kg. 
(5.6 c.c.) 

20 g.hay 

5,42 1899 31 20 g.bran 
12L g.cab. 

IC5 1.0 C.3 75 /C 1.5 go per k. 
(b.7 c.c.) 

20 g.hay 

542 1927 39 20 &bran 105 2.9. 1.1 81 15 1,5 g. per kg. 
121; g.cab. (5.7 c.c.). 
20 g.hay 

.5,42 1956 48 30 g.bran 127 1.1 (,).5 - _ 1.5 g. per kg. 
100 g.cab. (6.3 c.c.) 
20 g.hay 

5,42 - 7C C g.bran 50 C.9 0.q 
11Q g.cab. 
2G g.hay 



48. 29C. 
Rabbit 32 (ale) 

Liody Urine ilet Total 'Urine Total Urine Total A.P.E. 
Weight Volume per Cals. sugar Urine Ketones Urine 
in g. in c.c. 24 hr, per in 9u7ar in Eetones 

24 hr. , 
.A' 
a 

eB por mg.% per 
24 Ili 24 hr. 
in g. in mg. 

.542 2211 

lx112 218J. 

L,b.42 

,6.42 2239 

6.12 2267 
, 

1 

1 
tin 2295 

.1,42 2295 

3,42 2352 

42 2352 

442 - 

1 

2380 

AA2 2366 

1.6.42 2352 

; 

6.42 243? 

15( 

145 

313 

136. 

210 

208 

293 

271 

253 

126 

140 

23 

24C 

263 

90 g.bran 
30C g.csb. 

90 g.bran 
3CC g.cab. 

10Cg. bran 
300 g.cab. 
20 g.hay 

100 g.bran 
30C g.cab. 
20 g.hay 

10C g.bran 
3CC g.cab. 
20 g.hay 

100 g.bran 
300 g.cab. 
20 g.hay 

1CC g.bran 
300 g.cab. 
20 g.hay 

ICC gmbran 
3CC g.cab. 
2C g.hay 

fasting 

1CC g.bran 
3C0 g.cab. 
20 g.hay 

100 g.bran 
30C g.cab. 
20 g.hay 

fasting 

100 g.bran 
30C g.cab. 
20 g.hay 

100 g.bran 
3CC g.cab. 
2C g.hay 

? 

32 1 

321 

349 

348 

348 

349 

348 

$48 

25C 

348 

348 

25C 

348 

348 

Ole 

atm 

41. 

0.5 

C.1 

C.5 

4.9 

-21ank = 

4111, 

WO 

0.7 

0.4 

1.1 

12.9 

34 

OID 

OP. 

WO 

010 

01). 

I1 

1.5 g. per kg. 
(6.9 c.c.) 

1.5 g. per kg. 
(6.9 c.c.) 

1.5 g. pai kg. 
(7.1 c.c.) 

1.5 g. per kg. 
(6.9 c.c.) 

1.5 . Pe'l kg- e 
(e5.9 c.c.) 

1.501:212cer.ct. 

. Blank has been deducted from total, but net percentage 
ketones. 



Booy Urine 
e. weiglA Volume 

in g. in c-c- 

6.42 

49. 
Liet Total Urine Total Urine Total 
per Cals. Sugar Urine Ketones Urine, 
24 hr. per in Sugar in Ketones 

24 hr g. % per mg. A per 
24 :nr. 24 hr. 
in g. in rig. 

2437 257 1CC g.bran 
300 g.eab. 

20 g.hay 

50 g. bran 
3" g.cab, 

2G g.hay 

285 100 ..bran 
3CC g. cab. 

20 g.hay 

6.42 243'7 282 

1,6.42 

.6.42 2nc 

H 

.6.42 2.?95 

234 25 g.bran 
270 g.eab. 

20 .hay 

19C bran 
3C0 g.cab. 

20 g.hay 

6.42 238C 265 35 8., bran 
3C( g.cab. 
20 g.hay 

6.42 2352 225 7C g.bran 
g.eab. 

2C g hay 

2395 152 100 g. bran 
g.eab. 

20 .hay 

i.6.42 2395 119 10C g.bran 
3CC e. cab. 

20 g.h 

.6,42 

,6,42 

6.42 2437 

i.6.42 243'7 

210 1CC .bran 
300 gseab. 

20 gebay 

99 7C g ,bran 
19C g. cab . 

20 g.hay 

218 100 gbrnn 
30C g.cab. 

20 g.hay 

291. 

A.P.E. 

348 

217 

34P 

146 

217 

177 

269 

348 

3.48 

348 

249 

348 

4.9 

7.8 

9.7 

2.5 

C.3 

12.6 

21.9 

27.5 

5.9 

C.5 

.12. 

.07 

!VA 

.10 

IN% 

csAr 

er, 

- 

IVIO 

os 

01, 

58, 

1.5 p. per kg. 
(7.2 c.c.) 

1.5 g. per kg. 
(1.2 

1.5 g. p cr k. 
(7.2 c.c.) 

1.5 g. per kg. 
( 7 e.e.) 

1111/ 

4111 

OP 
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1. 

Section VI. 

The Aetiolo of L i,a betes ellitus. 

The unfolding of the aetiology of diabetes 

mellitus forms one of the most fascinating chapters 

in the history of medicine. Besides its interest 

historically, the search for the causes of this 

disease has been Of value in that it has led not 

only to the elucidation of many problems directly 

connected with the condition, but also to much new 

knowledge concerning the intermediary metabolism of 

carbohydrates, proteins and fats and to a fuller 

appreciation cf the function and interplay of the 

endocrine glands. Further, the names of such as 

von Mering and i inkowski, Panting and Best, Houssay 

and F.. G. Young, who have contributed so outstanding- 

ly to the subject, will continue to live down the 

generations, yet the disccveries of even these men 

have sometimes been merely the logical sequence of 

the work of many previous investigators. In other 

words, the modern approach to diabetes mellitus so 

far as its aetiology is concerned stands as a 

monument to sustained, world-wide co- operation such 

as might well be emulated in other spheres of 

international life to -day. 

The historical approach also indicates that the 

diabetic problem may most appropriately be considere 

* A Honyman Gillespie Lecture delivered in the 

Royal Infirmary, 31st August 1944. 



2. 

In five sections : (1) the pancreas; (2) the 

pituitary gland ; (3) a balance between the 

pancreas and pituitary gland ; (4) the other 

endocrine glands, especially the thyroid gland, 

adrenal glands, and ovaries, and (5) alloxan 

diabetes. 

Pancreas 

The relationship of the pancre., to diabetes 

was first established by von Uering and Minkowski 

(1.89C), who showed that absence of the pancreas 

produces hyperglycaemia, glycosuria, ketonuria, 

pclyurie, emaciaticn, and death, in less than four 

weeks. Discussion thereafter ensued regarding the 

Ale of the pancreatic acinar and islet tissue 

respectively in the control cf carbohydrate 

metabolism, but the residence cf this control in 

the islet tissue ultimately crystallised upon the 

finding of sobolew (1900) and Schulze ( 190C) that 

obstruction cf the pancreatic duct was characterised 

by atrophy cf the acinar but not of +he islet tissue 

and the non-development of any diabetic condition. 

Such focussing of attention on the pancreatic islets' 

immediately led in the earliest years of this 

century to the detection cf a variety cf pathological 

changes in the islets of diabetic subjects. These 

changes are broadly divisible into qualitative and 

quantitative. 

Qualitative Islet Changes 

The/ 

294.. 



3. 

The qualitative changes as observed by Warren 

(193e) in a series cf 494 diabetic cases are 

(1) hyaline degeneration (41 per cent.) ; (2) 

fibrosis (27 per cent.) ; (3) hydropic degeneration 

(5 per cent.) ; (4) lyrphccytic infiltration ( 2 

per 'cent.) ; (5) atrcphy (personal addition) ; 

(6) haemochromatosis (2 per cent.) ; (7) hypertrcphy, 

(8 per cent.) ; (F1) adenoma (C.2 per client.) ; 

(9) normal (26 per cent.). 

(1) Lyalijon was first described by 
Cpie (19C(-01) and is the most typical of the 

degenerative changes affecting the islets in diabetes. 

It entails swelling cf the epithelial cells and their 

replacement by hOmegeneous, translucent material 

which pink blue with the 

aniline blue of Mallory's method (Fig. 1) and 

sometimes rose pink like amyloid with methyl violet. 

Cell outlines are at first retained, but each islet 

in the end consists merely of thick, hyaline strands 

and persisting capillaries. Marked involvement cf 

the individual islets, moreover, is zenerally 

accompanied by the implication of many islets and 

vice versa. Of Warren's cases, 6 per cent. under 

4C years cf age showed hyaline degeneration cf the 

islets ccmpared with 45 per cent. over that age. 

Again, 5C per cent. of a series of cases known to 

have had diabetes for at least ten years showed 

hyalinisation. Hyaline degeneration cf the islets 

is thus commonest in older subjects and in mild 

cases/ 
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cases of the disease. 'iarely,hyalinisation is 

followed by calcification. Fischer (1915), for 

example, has reported the case of an eighteen-year-old 

boy- who died in cc-ma after typical juvenile diabetes 

and whose pancreas was studded with calcified, 

h...a1inised islets. 

(2) Fibrosis observed by Opie (1900 -01) varies 

in degree. The initial stage entails a thin fibrous 

Capsule, some pericapillary fibrosis and early 

epithelial loss (Fig. 2), while gross encapsulation, 

marked fibrous replacement and corresponding 

epithelial reduction characterise the final phase. 

Slight implication of the individual islets is usually 

accompanied by the involvement cf many islets and 

vice versa. The phenomenon in this respect is thus 

the reverse_ cf hyalinisation. Fibrosis of the islets 

is one of the characteristic changes in Children, but 

like hyalinisation occurs most commonly in older 

subjects and is then practically always accompanied 

by interlobular and Interacinar fibrosis and thickening 

and hyalinisation cf the arterioles (Fig. 3). The 

condition in older subjects consequently amounts to 

L 

aypertensive arteriolosclerotic atrophy cf the 

ancreas and is basically similar o the primary 

anular contracted kidney. Finally, the same 

pancreas sometimes ,i.lows both fibrosis and 

hyalinisation cf the islets, and both types of 

degeneration are even occasionally observed in the 

same islet. 

(3) lizAralp degeneration was first reported by 

Weicheelbaumi 
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5. 

Weichelbaum and Ftangl (1901). The cells in the 

earlier stages cf this condition are occupied by 

minute serous droplets and later distended by a 

single large globule, while their nucleus is pyknotic 

or lysed. The affection is apparently reversible 

in Its slighter degrees, but in advanced measure. 

is followed by absorption cf the daeged cells. It 

occurs at all ages and most strikingly in fulminating 

cases. The condition is also noteworthy in that it 

was the .first cf the degenerative islet changes to 

be reproduced. Allen (1913) achieved this object 

by partial pancreatectemy and the subsequent 

administration cf an excessively carbohydrate diet, 

and hemans (1914) then showed that the degeneration 

affected. principally the beta cells. Consequently, 

the beta cells have since been regarded as the 

essential source of insulin, 

(4) remtlesaLlelpfiltration, described by 

Warren and Root (1925), involves an aver-running of 

the islets and sometimee of the peri-insular tissues 

with lymphocytes and rarely also endothelial cells 

(Pig. 4). It is particularly ept to be found in 

young subjects and in cases with a short history 

of the disease. 

(5) Atrophy of the islets is a late result of 

duct obstruction produced by such conditions as 

calculus, carcinoma cf the head of the pancreas, 

and duodenal diverticulum (Tigs. 5 and 6) . The 

obstruction before it leads to such intense atrophy 

of the islets as to cause diabetes must be long-. 

standing/ 
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standing and severe, and a calculus 13 consequently 

the likeliest mechanism to achieve these demands. 

Such n case is characterised by mere cr less marked 

increase of the interlobular and interacinar fibrous 

tissue, while the islet being drawn together are 

very conspicuous and appear increaseel numerically. 

They are structurally normal even in moderately 

severe cases, but in advanced examnles show marked 

atrophy, with perhaps some condensation of their 

stroma. Ultimately, many islets have disappeared 

In the generalised overgrowth of fibrous tissue. The 

condition prcëuced by a pancreatic calculus is 

similar to that following experimental duct 

obstruction and 13 thereby historically interesting 

in that a case reported by Barron (1920) intrigued 

Banting (1929) and thus played a part in the 

preparation of insulin. 

(6) Haemochromatosis involve islets in 

association with the rest of the pancreas and rally 

other organs (Fig. 7). Its salient features are 

fibrosis and pigmentation with haemosiderin and 

haemcfuscin. According to Sheldon (1935), the 

islets have been involved in the fibrotic process 

in 24 per cent. of the reported cases, while 9C per 

cent. of the patients have shown pigmentation cf the 

islets. Such pigmentation varies greatly in 

intensity not only as regards different cases, but 

also in relation to different islets and cells in 

the same case and islet respectively. The occurrence 

of! 
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of diabetes depends on .the implication of the 

islets. Thus, slight pigmentation of these 

structures ts not accompanied by diabetes, but a 

diabetic tate Is always associated with severe 

involvement of the islets. This diabetes usually 

runs a rapid °curse and is particularly noteworthy 

in that it results from damage to thu pancreatic 

islets by a knewn agent. 

(7) hypertrophy of the isletaoccurs in 

aseociation with degeneration of other islets and 

also in the absence cf any detectable insular change. 

Cecil (1909) pointed cut that islet hypertrophy 

assumes two types. The islet in ene variety is net 

unduly irregular and normal both in architecture and 

being comeosed of polyhedral cells (Fig. B). The 

islet in the other type is often much more irregular 

than usual, while its cords are abnormally long and 

tortuous and consist of columnar cells with central 

nucleus (Figs. 9 & 1C) . Columnar cell hypertrophy 

is much less common than simple enlargement, and 

interesting in that it seems to represent a 

reversion to e duct-like type of 

usually affects only a moderate proportion 

of the islets, but the majority occasionally appear 

to show enlargement. The incidence of the condition 

bears no relation to the age of the patient or to 

the duration or severity of the diabetes. 

(8) Adenoma of the Islets is a 'are finding in 

diabetes. ':;:arren (1938) encountered it only once 

in hie large aeries. It takes the form of a 
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rounded, well-defined, encapsulated nodule which 

resembles normal islet tissue both architecturally 

and in the cells composing it. 

(9) Universally_normal islets or islets at 

least histologically normal were found by "71arren 

(1938) in a considerable percantage rf his diabetic 

subjects. This is an important negative observation 

the significance of which will be mentioned shortly, 

Quantitative IslttDanEt1 

Reduction in the weight of the pancreas and 

the number of islets has often been noted In the 

pancreas of diabetic subjects. r:numeration cf the 

islets in human material, however, can only be 

carried cut by examinin7 sections from various parts 

of the organ and any such technique is naturally 

exposed to many errors. The weight of the pancreas 

and the number of inlets also vary rl.thin wide 

limits normally (Ogilvie, l9Z1). Consequently, 

any observation regarding redaction cf these 

structures may be more apparent than real and 

rendered of still more doubtful significance by the 

fact that one-eighth of the pancreas has been round 

experimentally to be sufficient to avert the 

development of diabetes. Exceptions arerare cases 

cf congenital hypoplasia of the pancreas or islets 

in which reduction. cf the islet tissue is so marked 

as undoubtedly te act as a factor predisposing to 

the disease. The conclusion is that reduction of 

the islet tissue,' while operating ir rare cases, is 

still/ 
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still generally unproven and therefore unacceptable 

as a. factor of genuine aeticlogicel significance. 

These observations regarding the islets in 

diabetic subjects and laboratory experiments 

culminated in the isolation cf insulin 'by Banting 

and Best (1921-22). The preparaticn of insulin 

confirmed the idea that damage to the pancreatic 

islets is frequently an impertant factor in the 

disease, but it felled to explain the mechanisel of 

the damage or the remarkable variatInn in the types 

of damage or the fact that the pancreatic islets in 

26 per cent. of diabetic subjects are histologically 

normal. The finding of apparently normal islets in 

so many cases suggests of itself that the cause of 

the disease lies primarily In scale extrapancreatic 

disturbance and that it. is this disturbance which 

is responsible for the islet damage. The subject 

ecnsequently demands a less insular outlook and 

thus leads to a consideration cf the part played in 

carbohydrate metabolism by the pituitary gland. 

Pituitary Gland 

The possible role cf the pituitary gland in 

carbohydrate metabolism was originally auggested by 

clinical observatlen. This consisted in the 

recognition by Loeb (1884) of the frequency with 

which glyccsurie occurs in casos of pituitary tumour, 

and many reports since then have led to the 

acceptance of a definite relationship between 

acrcmegaly and diabetes. In point of fact, Warren 

(1938) / 



le. 
(193e) finds that 28 per cent. of the reported cases 

of acromegaly have shown glycosuria. Such clinical 

surmise, moreover, has recently been supported by 

much experimental evidence. Thus, houssay and 

Magenta (1925) first found that abence cf the 

pituitary gland inOlices an increased sensitivity to 

the hypoglycaemic action cf insulin, and the same 

result was observed by Houssay and Potick d929) to 

follow loss of the pars glandularis, which corresponds 

to the anterior lobe of mammals, houssay- and 

Masotti (1930) subsequently showed that loss cf the 

pituitary gland or cÍ only the pars glandularis 

followed by pancreatectomyprevented or alleviated 

the diabetic condition which ordinarily results 

from absence of the pancreas and that such hypo, 

;hysectomised-depanc eatised subjects survived for 

much longer than purely depancreatised in6ividuals. 

An important deduction from this experiment is the 

fact that the tissues are apparently able to 

metabclise sugar without the assistance cf the 

pancreas and pituitary gland. In other words, they 

possess an inherent capacity to deal with sugar just 

as the heart beat is ml inherent property cf the 

cardiac musculature, finally, three groups of 

workers - Evans et al. (1931-32), Baumann and 

Marine (1931-32) and houssay et al. (1932-33) - 

proved that the administration of a suitable 

anterior pituitary extract to normal subjects 

resulted in the development cf a diabetic condition. 

The response of a susceptible subject to daily 

treatmcnt/ 
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treatment with diabetogenic anterior pituitary 

extract may be divided ante four chases (Ye-ling, 1937, 

1938a, 1939a and b) (1) A latent ehase which lasts 

three to five days. The bleed sugar is net 

significantly raised and no alycosuria er ketonuria 

occurs, but a relative resistance develops to the 

hypoglycaemic action of insulin. (2) A phase of 

LEEERERry diabetes which continues for three to seven 

days. Glycosuria, ketonuria and pelyuria.appear 

and increase to a maximum, subsequently to decline 

and disappear in spite of continued daily treatment 

with the same amount of extract. Cther features are 

diminished sugar tolerance, relative insensitivity 

to the hypoglycaemic action of insulin, and scinetimes 

raised liver glycogen. (3) A refrattery phase which 

may be of long or indefinite' duration. Glycosuria 

and ketonurla are absent, but relative insensitivity 

to the action of insulin remains for some time and 

the fastinj liver glycogen may be 11164. Another spell 

cf diabetes can be produced at this stage by 

inerear1n7 the daily dose of extract and such a 

recurrence may indeed be so achieved a numbee of 

times. (4) A phase of 22Emanmtdiabetes which 

lasts indefinitely. This is brought about by 

increasing the daily dose of anterior pituitary 

extract every few days and continuing in this way 

for a period cf one and a half to four weeks. The 

refractory phase is thus circumvented and replaced 

by a permanent diabetes which persists even after 

cessatien of extract treatment. The metabolic 

features/ 
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features cf permanent pituitary diabetes differ in 

various ways from those of pancreatic diabetes. Thusi 

pituitary diabetic subjects are able to survive for 

long periods without insulin therapy provided they 

are given sufficient food. Nevertheless, despite 

the absence of any obvious insensit1.7tty to the 

- hypoglycaemic action of insulin, more insulin is 

apparently required for the control of their glycosuria. 

They also tend to gain weight and have a hih liver 

glycogen. 

Richardson (1939-40) and Lukens and Lehan (1942) 

found that the pancfeatIc islets of oituitary 

diabetic subjects show various degenorative and 

reparative changes, mainly the former. Those changes 

are (1) degranulation cf the beta cells, either 

partial cr ccmplete ; (2) hedropic degeneration of 

individual beta cello ; (3) atrophy cf the islet 

tissue to groups of alpha cells wit)' a few 

agranular or normal beta cells ; (4) hyalinisation 

which replaces the beta cells selectively or destroys 

the. islets completely ; (5) fibrosis ; (6) 

lylaphccytic infiltration ; (7) mitotic division in 

acme. islets. The beta cells apparently first lose 

their granules, then undergo hydrepic degeneration 

and are finally absorbed, leaving atrophied islets 

made up mainly cf alpha cells. Alternatively, the 

islets show one or more cf the other three types of 

lesion. Lukens and Lohan (1942) also found that 

treatment of the diabetes in the early permanent 

phase or stage cf hydropic degenerat'.on by dieting 

or/ 
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or insulin results in a morphological restoration of 

the islets and in a functional recovery cf the subject 

which is maintained after cessation of the therapy. 

On the ether hand, similar treatment of the diabetes 

in the late permanent phase or stage of islet 

atrophy is not followed by recovery. The pancreas 

at this stage, according to Campbell, Keenan and 

Best (1939), yields on extraction a definitely 

diminished amcunt of insulin. 

Anterior pituitary extract in addition to its 

diabetogenic property shows a number of other 

actions. The Elys2tmaLl action first observed 

by Ecussay and Potick (1923) induces a relative 

insensitivity to the hypoglycaemic effect of insulin. 

It cccurs, as already noted, when the blood sugar 

is not significantly altered, e.g. in the latent 

period between the atart of extract treatment and the 

development of diabetes, and may vary inversely as 

the amount of elycosuria. The responsible factor, 

in the opinion of Y cung (1938b), is the direct 

antagonist of insulin and may therefore be accredited 

with a threefold. action in that it inhibits the 

oxidation of sugar by the peripheral tissues, 

promotes the formation cf sugar from glycogen in 

the liver, and depresses the synthesis of glycogen 

from sugar in the liver and muscles. The glycoetatie 

action. resembles the glycotropic in that it 

depresses the oxidation of sugar in the muscles 

(Fisher et al., 1936 ; Russell and Bennett, 1936) 

and the adrenocorticctropic action, wnich takes place 

through/ 
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thrcugh the adrenal cortex, stimulates the 

fcrmaticn of glycogen from protein in the liver 

(Russell, 193B ; Bennett, 1937-38 ; Long et al., 

194C). The 1;etogenic action first noted by Burn 

and Ling (193C) manifests iteelf in ti increased 

excretion of ketones. The appearance cf ketones 

may definitely precede that of sugar and the amount 

of ketonuria characteristically shows a sudden rise 

just before the establishment of the permanent phase. 

Best and Campbell (1938) cbserved that ketogenic 

pituitary extract also brings about a rapid And 

substantial accumulation cf at In the liver, 

apparently at the expense of the fat stores. No 

agreement exists at the moment regar(int,, the manner 

in lehich anterior pituitary extract promotes 

ketcgenesie. Thus, Black et al. (1934) attribute 

the phenomenon to a specific ketogenie factor, while 

Shipley and Long (1938) believe it to be due to an 

increased breakdown of fat ccnsequent upon 

interference with carbohydrate and protein catabolism 

The pl2npreotrnpic action increases the amount of 

pancreatic islet tissue. The amount cf this tissue 

has been doubled by Richardson and Young (1937-38) 

using crude anterior pituitary extract, and 

according to Ogilvie (1944) such increase is due 

to hypertrophy of the islets to twice their original 

size and occasionally also a formation of new islets 

from proliferated ducts ('figs. 11 and 12). Marks 

and Young (1939, 1940) also found that the 

administration of crude extract nearly doubles the 

insulin/ 
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insulin content cf the pancreas. They distinguish 

between the pancreotropic factor which increases 

the amount of islet tissue ant the insulin-increasing 

factor which augments the amount of extractable 

insulin, but these two factors being so closely 

related in actIen may be asaumed to be one and the 

same. The pancrectrepic factor thus apparently 

stimulates (1) proliferation of the pancreatic dactsA 

(2) differentiation of new islets from those 

proliferated ducts, (3) division of the islet cells 

with hypertrophy of original islets, and (4) 

formation of insulin by the islet tissue. 

These ebservations suggest that human diabetes 

mellitus may be due to hyperfunction cf the anterior 

pituitary sland, and such hyperactivity nay very well 

be the explanation in eases associated with an 

eosinophile or basophile adenoma of the anterior 

lobe. They a3so indicate that the diabetic 

syndrome is probably due not to a single factor, but 

to a complex made up of plycotropic, glycostatic, 

ketogenic and perhaps other principles, These 

various factors secreted in excess would combine cc 

to depress the oxidation and storage of sugar on the 

one hand, and on the other so to stimulate the 

manufacture of sugar and ketones as finally to induce 

the diabetic syndrome. An oversecretion of the 

glycotropic factor is particularly interesting in 

that it wcald serve to explain those cases of 

diabetes requiring for their control nundreds or 

even thousands of units of insulin daily. Pimswortl 

(19 36/ 
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( 1936, 1(140), indeed, believes that the young, thin, 

non-lypertensive diabetic is characteristically 

insulin ensiti'e, whereas the middle-quer, obese, 

hypertensive diabetic is insulin- insenitive. This 

idea 5.s supported by the fact that in the opinion 

cf de Wesselcw and Griffiths (1936) the plasma of 

middle-aged, obese, diabetic patients may show 

pntl-insulin properties, while the plasma cf young 

diabetic subjects is inactive in this respect. 

Finally, the diabetes cf acromegaly and Cushing's 

syndrare, acccroing to Iiimsecrth (1e4O), is of the 

insulln-Insensitive type end irradiation of the 

pituitary region in such cases has benefited both 

the diabetes and the insulin-insensitivity. All 

these observations suggest that the elyectropic 

factor may in some cases be aeticlogicall7 important, 

but it elu-t in conclusion be stated that 

cifferentiaticn of diabetic subjects into clearly 

refined insulin-sensitive and insensitive types and 

the anti-insulin property cf diabetic plasma have 

not been generally accepted as proven facts. 

The Icetulation of a ketoeenic secretion by 

the anterior hypophysis throws doubt on the 

estaWishee idea that the ketcnaemia cf hu-oan 

diabetes is secondary to cie,,urbed carbohydrate 

cxidaticn. Again, the appearance of ketcnuria in 

pituitary diabetes before glycosuria and the lapse of 

pituitary diabetic subjects into coma just before the 

permanent phase are interesting relative to diabetes 

in childhood. The disease at this age sometimes 

shcws/ 
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shows itself first in coma, and such an occurrence 

might conceivably be explained by a sudoen, marked 

cversecretion of the ketogenic factor. The 

pancrectropic factor is intriauing frcm a thera- 

peutic angle. Many cases of diabetes undoubtedly 

involve destruction cf the pancreatic islet tissue 

and a growth of new islet tissue as an additional 

source of insulin would naturally be an important 

advance in such cases. The pancrectrepic factor, 

however, yet remains tc be isclated from tThe other 

anterior pituitary seereticns and to be proved 

functionally active in the human being. 

The similarity between the types of nancreatic 

islet damage in pituitary and human diabetes affords 

reason for believing that the islet damage in the 

disease results from oversecretion of the - 

pituitary diabetegenic factor or factors. Lata 

regarding menstruation, acrcmegaly and. other 

conditions indicate that the secretory activity of 

the pituitary gland varies considerably at different 

tines. ever-secretion of the diabetofrenic factor, 

may therefcre only be tennorary, but nevertheless of 

such intensity as permanently to exhaust and damage 

many of the nancreatic islets. Viewed from this 

angle, diabetes mellitus is initiated by transitory 

hyperfunction of the anterior pituitary gland and 

subsequently maintained through pancreatic islet 

degeneration and insulin deficiency. No explanation, 

however, can be given for the initial pituitary 

hyperfunction and the anterior lobe histologically 

also/ 
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also fails to reveal any abnormality. At the same 

time, Lavis et al. (1935) have drawn attention to 

the pcssible role of the nervous system in the genesis 

of the condition through showing that the hypo- 

thalamus apparently influences the control exerted 

on carbohydrate metabolism by the anterior 

hypephysis. Finally, the islet hypertrophy 

commonly observed in human diabetic subjects is no 

doubt a compensatory mechanism and the experimental 

findings indicate that it msy also be mediated 

thrOugh excessive secretion of the pancreotropic 

factor operating in the period of islet exhaustion 

or degeneration. 

Balance between Pancreas and Pituitary Gland 

Reference must now be made to two important 

clinical facts. The first which bas been emphasised 

by White ( see Joslin, 1940b, and Cogeeshall and fleet, 

1940) is that the chiltren who develop diabetes are 

often abnormally tall and show precocious bone , 

dental and sex development. The second is that the 

majority of adult diabetic subjects, according to 

Joslin (1940a), are or have been obese: obesity, 

indeed,is the commonest antecedent factor in 

diabetes. Thc disease Is thus commonly preceded 

by abnormal growth vertically in the child and 

laterally in the adult. Its frequency, moreover, 

indicates that this association is not fortuitous, but 

that the two types of growth are probably related 

both to each other and to the genesis of the 

diabetes./ 
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diabetes. 

The obese subject, as Lunlop and Murray-Lyon 

(1931) have shown, does not put on weight 

contihUously. The amount cf overweight instead is 

largely determined during the first five years or 

less and thereafter an equilibrium is maintained fcr 

- many years. Loss of weight finally occurs with the 

onset of diabetes. The obese diabetic subject as 

regards weight thus passes through phases of increase, 

equilibrium, and decrease. Ogilvie (1935), in an 

investigation of 65 overweight sub1ets, found also 

that as the duration cf the obese state increases a 

progressive diminution occurs in sugar tolerance. 

Moreover, one-third of these cases with a history of 

obesity up to 5 years showed an increased aagar 

tolerance, while the remainder in this period had 

normal tolerance. Subjects Who had been obese for 

between 6 and 11 7sears also had normal sugar 

tolerance. Examples cf lowered sugar tolerance 

thereafter made their appearance and every case with 

a history of obesity for 18 .years or more finally 

exhibited a slightly or definitely decreased 

tolerance. Diabetes supervened after periods of 

12 to 33 years' obesity. These results, assuming 

. sugar tolerance to be an index of pancreatic islet 

activity, indicate that the islets pass through 

phases of increased, normal, and decreased function 

in one-third of obese diabetic subjects, while in 

the remainder they merely show stages of normal and 

decreased activity. The fact that according to 

Ogilvie/ 
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Ogilvie (1933, 1935) the islets in a high proportion 

of obese subjects are hypertrophied (Fig. 13) 

during the phase of diminished sugar tolerance also 

suggests that these structures are overactive at 

first and later depressed. The initial increase 

and ultimate decrease in weight of the obese 

diabetic subject are thus respectively accompanied 

by phases of increased (proportion of cases only) 

and markedly decreneed pancreatic islet activity, 

while normal or moderately decreased islet function 

id associated with the intermediate stage of 

equilibrium. Finally, Rabinowitch (1938) having 

found that diabetic subjects on caloric values 

definitely below theoretical requirements either 

maintain their weight or lose very much less weight 

than the anticipated amount has thereby shown that 

the diabetic state is characterised by reduced 

catabolism or increased anabelism or both. 

The significance of these clinical observations 

lu relation to the genesis of diabetes is enlightened 

by recent work on. the part of Young (1941a, 1941-42, 

1942), Marx et al. (1941-42), and -Ogiivie (1945). 

Thus, anterior pituitary extracts have been observed 

to be growth-prcmoting both in growing and tally- 

grown subjects. The growing subject, indeed, 

Usually responds with accelerated greeth only and 

rarely becomes diabetic, whereas increased growth and 

diabetes are usuelly concomitant results in the 

fully-grown subject. This increased growth, more- 

over, takes place on a diet equal to or even less 

than/ 
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than that was previously just suffic'41nt to maintain 

a constant body weight-and is accompanied by 

retention of nitrogen, deposition cf fat, and 

hypertrophy of the pancreatic islets. Such 

observations suggest that anterior pituitary extract 

brings about a state of redaced catabolism or 

increased anabolism or more probably both and may 

be correlated. as shcwn in the accompanying scheme. 

Anterior Pituitary ;xtra et 

:Liabetogenic Pancrectropic 
action action 

i.opressicn cf carbo- 
hydrate oxidation 

Conservation t 
of carbon 

Synthesis of 
fat 

islet tissue 
Increase of 

insulin 
1 

Lepressicnof protein 
catabolism 

Conservation 
of nitrogen 

Synthesis of 
protein 

Increased growth 

The diabetceenic action of the extract by 

depressing oxidation leads to a conservation of 

carbon, while its pancreotrcpic inf1! ence produces 

pancreatic islet hypertrophy and more insulin. This 

insulin, through inhibiting protein catabolism, 

effects a sparing of nitrogen and also synthesises the 

conserved carbon and nitrogen into fat and protein 

respectively./ 



22, 

respectively. The resultant Increase in body weight 

may consequently be interpreted as due to excessive 

diabetogenic action balanced by increased pancreatic 

islet functicn induced through the pancrectropic 

action cf the extract. 

These experimental observations anggest that 

a similar hypophysial-pancreatic balance operating 

at a higher level cf activity than usual is 

responsible for the pre-diabetic increase of height 

in children and of weight in adults. Such growth 

aCCOrdingly represents a protective mechanism whereby, 

the nitrogen and carbon retained in consequence of 

excessive anterior pituitary activity are stored as 

extra tissues under the influence of the pancreatic 

islets, increased function of which is affected 

thrcugh the pancreotropic action of the gland. The 

prediabetic increase vertically in tiro child and 

laterally in the adult, moreover, Is maintained se 

long as the exaggerated activity cf the pituitary 

gland is neutralised by corresponding hyperfunction 

of the pancreatic islets, but sustained overaction of 

the islets ultimately gives way to their exhaustion 

and even permanent degeneration. The outcome is that 

the nitrogen originally conserved in excess is no 

longer so retained, the carbon which remained 

unoxidised as a result cf excessive diabetogenic 

action is excreted in the urine as sugar, and the 

body weight falls. Failure of the elevated 

hypophysial-pancreatic balance, in nter words, 

expresses itself in diabetes mellitus. 

Other! 
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Other Endccrine Glands 

The thwoidtgland plays a definite tart in 

carbohydrate metabolism. This is seen in that 

hyperthyroidism is characterised by 'lowered augar 

tclerance and .sametimes glycosuria, while increased 

sugar tolerance is a feature of myxcedema. True 

diabetes mellitus may coexist with both of these 

conditions. Iii such combination, hyperthyroidism 

definitely intensifies the diabetic state, and the 

latter, on the other hand, improves on treatment cf 

the hyperthyroidism with iodine or thyroidectomy. 

Similarly, the adminietration cf thyroid extract in 

myxcedema aggravates diabetes, and diabetes in 

contrast may apparently disappear in advanced 

myxoedema. This Influence of thyroid secretion on 

sager metabolism is probably mediated through the 

sympathetic nervous system and the output cf adrenalin. 

The thyroid gland and pancreatic islets thus function 

antagonistically, but in an indirect way. Further, 

the islets in cases cf diabetes associated with 

hyperthyroidism show nc characteristic changes. This 

is in agreement with the general belief that the 

concurrence of diabetes mellitus with hyperthyroidism 

and myxoedema is fortuitous and that the pancreatic 

and thyroid conditions bear no aetiological 

relationship. 

The adrenal glands are intimately related to 

carbohydrate metabolism through the leecretions of both 

their medulla and cortex. Adrenalin acts by 

liberating sugar rapidly into the circulaticn from the 

liver/ 
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-liver and muncles in emotional states. The adrenal 

medhlla, in other words, functions essentially in 

emergencies nnd thus contrasts with the anterior 

bypephysis and adrenal cortex, the diabetogenic 

influences of which are definitely sustained. The 

antagonism between adrenalin and insulin is well seen 

In insulin hypoglycaemia when the body in an 

endeavour to raise the blood sugar pours adrenalin 

into the circulation as a protective mechanism and so 

produces the tremor, sweating and blanching 

characteristic of the hypoglycaemic state. The 

glycosuria of hyperthyroidism, as already mentioned, 

is also probably mediated. through the adrenal medUlla. 

The fact that the adrenal cortex plays an important 

part in :war metabolism is manifest tn those diseases 

involving destruction or increase of the cortex. 

Addison's disease, for example, is characterised by 

increased sugar tolerance, low fasting blood sugar 

and hypersensitivity to insulin. Concurrent 

Addison,s disease and diabetes mellitus has been 

described on rare occasions and Blcomfield (1939) has 

observed that in these circumstances the diabetes 

with the development of the adrenal condition requires 

less insulin for its control. Cn the other hand, 

patients, with hyperplasia, adenoma or carcinoma of 

the adrenal cortex, according to Lukens et al. (1937), 

frequently show decreased sugar tolorance and 

glycosuria. Long (1938-36), moreover, has shown 

that bilateral removal of the adrenal cortex alleviate 

the diabetes produced by pancreatectomy in the same 

way/ 
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way as hypophysectcmy. Clinical and experimental 

observations thus both indicate that se far as the 

control cf carbohydrate metabc15_sm iv concerneci the 

adrenal cortex closely rivals the anterior hypophysisa 

The ovary alac influences carbohydrate metaboli 

Since sugar tclerance continues to tali at the same 

rate after as before the menopause (Cgilvie, 1935), 

the natural cessation of ovarian function at that 

time obviously does not influence magar tolerance. 

This is, of course, only to be expected for the 

reason that cessation of ovarian function at the 

menopause being usually a gradual process the tissues 

have time to adjust themselves to the altering 

cendlticns. In contrait, cases 7ith a history of 

spontaneously occurring or artificial4 prodaced 

Omenorrhoea may show both. rapidly Increasing obesity 

and definitely decreased sugar tolerance (Ogilvie, 

1935). The time cf maximum susceptibility to the 

development cf diabetes, moreover, is the early 

postmenopausal period. These observations suggest 

that the ovary controls the anterior pituitary gland 

and that on removal cf the ovarian restraint the 

hypophysis exerts an undue diabetogenic influence on 

metabolism. Cn this basis, postmenopausal diabetes 

has been treated with oestrogens which have the 

additional recommendation that they stimulate the 

pancreatic islets to grow and secrete insulin (see 

Young, 1941b), Both natural and synthetic 

oestrogens have been used, but the results so far. 

reported have been conflicting. Thus, while 

.definite/ 
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definite amelioration of the disease was noted by 

earlier investigators, later observpiti.ons have been 

of a more or less negative nature. 

Alloxan riabetes 

Alloxan, the ureide cf repoxalic acid, has 

recently been shown by Lunn and his colleagues 

(1943a and. b) to have the property of prodUcing 

selective necrosis of the pancreatic islets and 

consequently a state of permanent diabetes. The 

blood sugar following the administration of alloxan 

first rises and then falls to a subnormal level, 

probably owing, as Hughes et al. (1944) have saggeste 

to liberation of preformed insulin i-kJM the necrotic 

islet tissue. This hypoglycaemia, indeed., may be 

so severe as to result in death or, on the other hand, 

be succeeded by hyperglycaemia, glycosuria, and often. 

the cardinal signs of severe, persistent diabetes. 

This discovery is important inasmuch as alloxan la 

known to be related to certain agents and functions 

In the body. Thus, it is derivable from uric acid 

and other purins and could conceivably be an 

intermediate product in the elaboration of these 

substances. Riboflavin is another allied. compound. 

Lang (1866) and Liebig (1862) have also identified 

alloxan respectively in the urine of an oedematous 

patient and in the mucus of a case of intestinal 

catarrh. The significance of alloxan in these 

various circumstances rill no doubt be extended before 

long, but such facts are sufficient to suggest that 
1 

alloxani 
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alloxan might in conditicns of altered metabolism 

be liberated excessively into the circulation and so 

damage the pancreatic islets as to result in 

diabetes mellitus. One observation against this 

theory is the fact that pancreatic islet necrosis 

which is the characteristic effect cf alloxan is by 

no means so typical of human diabetes. Necrosis, 

nevertheless, has been described on rare occasions 

In the human subject and the islet lesions more 

commonly found in human diabetes mitht well 

be produced as a result of further experimentation 

with alioxan. 

The fact that the diabetic problem was 

Originally described as complex has certainly been 

borne out by this review. At the same time, an 

attempt has been made to marshal some cf the known 

facts by first considering the pancreas and the 

pituitary Sland and then trying to strike a balance 

between these crgans. The influence of the other 

endocrine glands on carbohydrate metabolism was 

mentiened and emphasis laid on the adrenal cortex 

as probably being more potently concerned than is 

at present imagined. Finally, alloxan diabetes 

has been considered and classed as disccvery such 

as may soon 9bed new light on the aetiology cf 

diabetes mellitus. 
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