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5 (%
Preface.

This thesis is an account of my researches
in the sphere of the pancreas. It was carried
out at intervals over a period of about 18 years
and represents the product of a 1ittle spare time
and much over time during a life filled to capacity
with rcutine hospital, teaching, literary,
adninistrative and other duties. Strangely encugh,
the first case I was ever officlally given to

investigate as a medical student was a thirteen

~ year old boy suffering from dlabetes mellitus.

I can well remember the morning when, to my
consternation, Dr., A, Fergus Hewat asked the
clinique to gather round and listen to me give a
resumé of the history and condition of my young
diabetic protégé. That was five years after the
discovery of insulin by Banting and Best (1921 . 22)
in Toronto. I scmetimes wonder what became of
that boy and whether with the help of insulin he is
still allive or whether he has succumbed to ketosis
cr infecticn or some vascular complication.

The research, however, really originated in a
casual meeting with Dr, John Eason at the west
gate of the Royal Infirmary, Edinburgh, one morning
in the year 1931. Dr. Eason was then a senior
physician in the Infirmary and a specialist in the
relatively new fleld of the internal secretions,

He was interested among cother endocrinclogical
problems in the aeticlogy of cobesity and enquired
whether/




2.
whether I had ever examined the pancreatic islets
in cases of this ccondition. I naturally had nct,
since such an i1dea had never occurred to ﬁe, but
being then an assistant in the Pathclogical
Department of the Infirmary, I did ncot have to walt
long for material upon which to make trial of the

suggestion, The pancreatic islets in the first ;
cbese subjécts I examined were suspicicusly enlargadi
and thereby encouraged me to proceed with the :
investigation cn a properly contrclled basis. An
account of my findings 1s given in Sectlion II of
the thesis. This work, apart from any intrinsic
value, had the dual effect of creating In me an
interest in carbochydrate metabolism such as has
grown increasingly greater with the passing years
and incidentally of indlcating new fields for
expleoration. One of these was naturally the
functional condition of the enlarged pancreatic
islets cbserved in a proportion of obese subjects.
Thus I scon fcound myself with the kind permission

of Profeascr D, Murray Lyon and the willing

assistance of Sister Ruth Pybus carrying cut i

sugsr tolerance tests in obese 1ndividuala in the %
Dietetic Cut-Patient Depsrtment of the Royal 4
infirmary. The results of the tests were correlateg
with the duration of the obese condition, the amocunt
of overweight and ovarlan function and in respect

cf beth these correlations and the conclusions to be
drawn therefrom are described in Section III.
Reference to original articles & propos the

investigation/
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investigation incidentally disclosed that sugar
tolerance was distincetly greater in the infant than
in the adult, I was much tasken with thias
observation snd thought that it might be explained
by the presence of a relatively larger amount of |
islet tissue in the infant than in the sdult.
I therefore decided to put my idea té the test.

A necessary step was the assessment of the quantity

by welight of islet tissue in the individual |

é pancreas and the means of doing this were fortunately

slready at hand in the projection technique cutlined |

in Section II, Further ccnsideration of the method,

moreover, showed that its expansion along certain
lines would render possible a determination not

only of the weight of islet tissue, but also of the
number and average welght of the islets in a
pancreas, So the whole conception of the next
investigation was broadened frcm a mere correlatioﬁ
of the sugar tolerence and pancreatic islet tissue

in infancy and adult 1ife to a comprehensive survey

of the growth of the pancreatic islets numerically

and dimensionally and also relative to the growth
of the pancreatic acinar tissgue and bod& 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

1llustrated/
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illustrated graphically in S8ection I. This piece
of research, although in reality performed third
as regards order, 1s placed first in the thesis

since 1t deals with the normal development of the

- pancreas and cught accordingly to precede the cther
investigations inasmuch as these ell have a
distinctively pathologicel trend.

The years approaching 1940 saw me absorbed in
the writing cf a velume on " Pathological Blatolvgy.
but during the making therecf I was fascinated,
like all other interested people, by Young's (1937)
producticn in the dog of permanent diabetes through
glving large, lncreasing amounts of anterior
pituitary extract. The mainly degenerative changes
cbserved by Richardson (1939 - 4C} in the pancreatic
1siats cf theose permanent pituitary diabetic dogs
were sc reascnably similar te the phencmena described
by Warren (1933) in the 1slets of human diabetic
subjects as'to warrant their producticn and
further study. I soon realised, however, that
the limited supply of ox pituitary glands available
at the Edinburgh Corporation abattolr and
consequently of anterior pitultary extract which I |
was able to prepare therefrom would be gquite
insufficient to maintain such large animals as dogs
and so I had perforce to chocse smaller experimentel

subjects in the shape of English rgbbits, The
results cbtained on treating 28 of these animals

with the anterior pituitary extract of my own

meking are given with protocols and graphs in

Secticn/
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Section IV, My experience here was akin to the
accidental discovery by von Mering and Minkowski
(1890) of how pancreatectomy produces severe
diabetes in the dog. Thus my rabblts responded
to anterior pituitary extract by showing not
anticipated destruction, but converse growth of
the islets as evidenced by enlargement and very
occasionally a differentiation of new islets from
the ducts as in the embryo.

During the investigation I further cbservsed
that scme of the snimals, while being given
anterior pituitary extract, increased in weight on
e dlet which was previously just sufficlent to
maintain a more or less constant body weight. This
phencmenon aroused my interest in the intimate and
now well recognised relationship between anterior
pltuitary extraet and growth, As ths protocols
show, I had encugh data as regerds the body weight,
focd consumption and pancreatic islet tissue of
15 of the animals to indicate certain conclusions,
with particular reference to the increased amount
of insular tissue as part of the mechanism whereby
anterior pituitary extract encourages growth., The
data and conclusions referred tc are set forth in
Section V,

I had just completed the foregoing research
early in 1943, when the Honyman-Gillespie Trust
invited me to give an open lecture in the Royz=l
Infirmary, Edinburgh, on a subject of my own cholce,

I was at once slive to the honour and omus of such

an/
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invitaticn and felt that I could not do greater
justice to the ccecasion than by giving a review of
the factors concerned in the syndrome of diabetes
mellitus, incidentally incorporating my own
éxperimentel observations., The presentation of
this intricate locus of the metahclic sphere
necessitated the preliminary selection of a plan
allowing treatment of all the facts in as lucid,
logical and complete a manner as posslble, Any
worker in the field will readily admit that the
conception of such a framework is by no means easy,
but will probably agree with the plan sdopted for
" The Aetioclogy of Diabetes Mellitus " in Section VI
inasmuch as it permits a reassonsble lay out of
many, if not 8ll, of the relative historical,
physiclogical, pathological and experimental data.
Section VI, with the omission of thHe fourth part,
has often been given and, I understand, appreciated
as a postgraduate lecture, The sxplanation of
thls may 1lie in the first thres pérts representing
a ccnerete, circumsceribed attempt to elucidate and
corrslate some of the ocutstanding foatures of
diabetes mellitus in terms of experimental
findings and so to bring some sense and cohesion
cut of otherwise confusion and disharmony, while the
last part introcdices a subject of great and growing
importance in the conception of the disease
eticlogically.

I communicated Section IV to the Pathological

Society of Great Britaln and Ireland at Manchester
in/




in 1942, At that meeting I was immediately
preceded in the programme by the late Professcr J,
Shaw Dunn of Glasgow who described in characteriatic?
manner his now universally famcus discovery, again |
purely by sccident, of how alloxen produces rapid, |
selective necrosié of the pancrestic islets in the
rabbit, My contribution, on the cther handg,
consisted in an acceunt of the way in which the
pancreatic islets in the ra2bbit cculd be made to:
grow by means of anterior pituitary extract.

? Alloxan and anterior pituitary extract thus contrast
in causing respectively destruction and growth of

the pancreatic islets in the rabbit and these

cpposing actions accordingly cccurred to me as being

capable of ccmbination in a single and seemingly
worthwhile investigation. I therefore made a f;
nmumber of rabbits severely diabetic with alloxan

end then trested them with anterior pituitary extracé
in the hope of alleviating and even, if possible,
curing the established diabetic ccndition through
the pancreotropic action of the extract. The

results of this prolonged research are described,

illustrated graphically and histologically, and
supported with protocols in Section VII., The
necessity of controlling my findings in the work
Just mentioned entailed the adm%niatration of
alloxan to several pairs of litter-mate rabbits.

The animals of one pair were both made permanently

diabetic with the compound and are detalled in

Section VII, The animals in ancther pair
responded/
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responded to alloxan by showing only transitory
diabetes and were thereupon used in one case for
injoction with anterior pituitary extract and in
the other as a control. My findings and
conclusions in this limited and yet reasonably

controlled experiment were similer to those in

Sections IV and V and sre laid out in Section VIII,

Rich and Duff (1938) in a comprehensive paper

on the aetlology of acute haemcrrhagic pancreatitis

drew sttention to cbstruction of the duct system

of the pancreas as being in their opinion an

important factor in the production of the condition.

They cited as factors capable of causing duect
obstruction and subsequent pancreatitis a gall

stone impacted in the ampulla of “atér, duodenal

diverticulum, pancreatic calculus, csrcinoma of the

head of the pancreas, snd particulesrly hyperplastic

transitional metaplasia of the lining epithelium.
‘Buring the following two or three years I
encountered four cases of perivaterine duodenal
diverticulum, cof which one was associsted with
gross distension cof the main pancreatic duct and
fibrotic atrophy of the pancrzas and three with
acute haemcrrhegic pancreatitis, The four cases
were written up and used as a basis for reviewing
the complicstions of ducdenal diverticnla with
particular reference tc acute pancrsatic nscfosia
etiologically. The material with appropriate
illustrations including twe in colour constitutes

Section IX,
The/
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The above 18 a brief account of the origin and
growth of the thesis, Its component sections at
or about the time of their completion were
communicated; by offer or invitation, to variocus
medical beodies including the Pathological Soclety
of Great Britain snd Ireland, the Association of
Physicians of Great Britain and Ireland, the
Diabetic Association, the British Dietetic
Association and the Edinburgh Pathological Club.

As indlcated on the title page of each section they
have all, apart from Section VIII, been published
in the Jocurnal of Pathology and Bacteriology,
Quarterly Journal of Medicine, British Journal of
Surgery; Journal of Endocrinology, or Edinburgh
Medical Journal. Section VIII 1is abomt to be
submitted for publication to the Journal of
Pathology and Bacterilology.

Particular attention 18 drawn to the fact that
no attempt whatever has besn made to modernise
the conclusions or references in any of the earlier
parts. Sections II and IIl, especlally the former,
may thus appesr inccmplete inasmuch as 1little or
ne reference is made during the discussion of their
results te now well reccgnised facts such as, for
example, the influence of anterior pitultary extract
in producing nitrogen retention; increased growth,
diabetes and enlargement of the pancreatic islets,
Mcdernisation, however, was after due consideration

regarded as impracticable and replsced by the

simpler expedient of presenting the wvaricus sections
more/

1
l
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more cr less as they were originally published.

Thls conservative plan serves two purposes, First,

it reveals any progress in personsl gbility to
approach, plan and prosecute a plece of medical
research, and secondly, it epitomises the growth
of knowledge in certain spheres of carbochydrate
metabolism from the time when the pancreas was the
maln centre of thought through the years dominated
by the anterior pituitary gland and adrenal cortex
teo the present day when alloxan disbetes is
beginning to open up new correlations between
carbohydrate and purine physiclogy. The hope 1is
accordingly entertained that the nine sections of
the thesis, although individual in their conception
and prosecution, may be read and regarded as a
compesite whole, reflecting the progress c¢f almost

two decades,

References.

Banting F.G. and Best C.H. 1921 - 22, Jcurn. Lsab,
Clin. Med., 7. 251 and 464.

von Mering J. and Minkcwski O. 1890. Arch. f.
Exper. Path. 26, 371,

Rich A.R. end Ruff G.L. 1936. Bull. Johns Hopkins

Hosp. 88, 212,
Hichardson'ﬂ.d. 1939 - 40, Proc, Roy. Soc. Ser.

B. 128. 1863.

Warren 8, 1938, The Pathology of Diabetes Hellitus.

2nd, Bd. (Lea =nd Fibiger, Philadelphia).
Young F.G. 1937. Lancet. 2. 372,

10,



|
|

Section I,

A Quantitative Estimation of the Pancreatic

Islet Tissue

| Published in Quarterly Jdournal of Medicine, 1937.

6. (N.8.). 287.

1T |



1.

Section I.

A Quantitative Estimetion of the Pancreatic

Islet Tissue.

This investigation is a study of the pancreas

between birth and late middle age as regards :-

{1) the
(2) the
(3) the
(4) the
(5) the
(8) the
individually

welght of acinar tissue ;

weight of $slet tissue ;

average weight of the islets ;

number of islets ;

smeount of increase of 1, 2, 3 and 4 ;
rate of increase of 1, 2, 3 and 4

and relstive to beth each other and

the rate cf increase of the weight cf the body ;

(7) the
given age ;

(8) the

variation of 1, 2, 3 and 4 at any
and

posalbliliity of sugsr tolerance being

i

grester in the infant than in the adult by reason off

a relatively

greater amount of panereatic islet

tissue in the infant than in the sdule.

Material and Methods.

The materisl consisted of 10C human pancreases,

The 59 femsle 2nd 41 male subjects from whom the

pancresses were cbtained varied between newly born

infants and an adult cf 64 years and in every instanc

appeared post mortem teo be normally nourished.

causes, e.g, bronchopneumconia, cerebral haemcorrhage,

perforated/

had incidsntally died from a great variety of

They

125
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perforated gastric ulcer, burns, etc.

(1) Estimation of weight of islet tissue. The

method employed was the extension of a technique

| previcusly described by Ogilvie (1933). It was at

first thought te be criginal, but was later
discovered to have already been devised by Heiberg
(1906). He used the method, however, to make only
& single determination of the weight of the
pancreatic islet tissue and no record of any other
such estimation has been found in the literature.
Bach pancreas was carefully diséected cut,
freed as much as possible from fat and weighed in
grams, Blocks of tissue were taken from the head,

body end taill of the organ, fixzed in Helly's bichromste -

sublimate-formelin solution and cut in paraffin.

The sections were 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 micreoscope with the tube
placed horizentally instead of vertically. A strong
carbon-arc light at the objective end (Watson para
2/3) end a prism fitted to the eye piece (Watson 4)

were used to case an image of the section with a

magniflcation of 120 on a sheet of quarto notepaper.

Fifteen unselected fields of the section were passed

lby-means of the movable stage over the sheet and
|

|

thereon were traced in pencil sll the visible

|
' pancreatic islets. An estimate of the total area of

islet/

|

13,



f islet tissue in those fifteen fields was obtained

by first weighing the sheet in gramg and then
measuring its area in square centimetres : then all

the islets were cut out of the sheet with scissors
' and weighed separately. The ratio %
area of 1slet tissue weight of islet paper ;

area of sheet 3 weight of sheet

facilitated a calculation of the area of islet tissue|
in fifteen fields of pancreas. The area of cne
field and so of flfteen fields was estimated frﬁm é
direct measurement of the radius, The known factorsl
now allowed a determination of the parcentage area ?
of islet tlssue in the head of the pancreas. The
aaﬁﬂ measurement was llkewlse carried out in reépect ;
of the 1slet tissue in the body and tall and theroby'%
 permitted an estimate of the average percentége area |
of islet tissue in the whole pancreas. Thls figure
was applled tc the welght of the organ and so, on |
the suppositicn that islet and acinar tissues have

' the same specific gravity, an estimate was finally
made of the weight of the islet tissue. The |
| impossibility of finding fifteen fields in sectlons ‘
]of small infant pancreases was cverccme by examining
as many fields as possible and calculating therefrom i

the'figura for fifteen flelds. l

(2) Estimation of total number of islets. The }
i

average area of the islets in the section from the ‘
head of the paucreas was calculated from the total '
‘area of a known number of islets therein, A similar
estimate was likewise made of the 1slets in the

sections/ = |

14,



sections from the bedy and tail and so facilitated |
| an assessment of the average area cf the islets, |
in the sections from the three regions of the

pancreas. HNow, 1f the average islet be regarded as

a sphere, OABC (Fig.l ), then all sections of the

average islet must represent planes between the
centre of the sphere, 0, snd its periphery B.

. Therefore, the average secticnal area as calculated

| represents the area of a circle whoe=e diameter, ALC,
 passes at right angles thraugh the midpoint D, of
OB, the radius of the average sphere, The known
area of this circle allowed the calculation of its
radius AL, OL being 4 OA and Z ODA being 90°, ‘

£ OAD was 30°. From the equation tanZ OAD (30°) |

. %% » the line OD was determined since it was i

the only unknown. 2 CD gave 0B, the radius of the
average sphere. The real size of OB was cbtalned ‘
on division by 120, the power of magnification. The
real radius now permitted the assessment of the
volume of the sphere CABC ( %'ﬁ' r5),  Then,
separate evaluaticn of the specific gravity of |
pancreatic tissue at 1,05 and the assumptlion, as |
before, that islet and acinar tissue have the same |
® ecific gravity enabled the weight of an average

islet to be estimated frbm the formula, mass = dansitj

X volume, Letermination of the weight of an
average islet and of the total weight of islet tissne!
thus allowed a calculation of the total number of
islets,

~ The/

15'._
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The method can be summarised thusg : |

Area of average islet on section = Trd

i. S r « AD o J (%f) l

ADx 2 tan 30° . AD=x 2 x 5774
| 120 120
| .0096 AL,

', Volume of average 1slet = &+ W (AD x .0096)°

=5 = 4.1 (AD x ,0096)5.
.‘. Mass of average islet = Volume x Density
= 4.1 (ADx ,0096° x |
1.55;. |
., Number of islets & |

Total weight of 1alet tissue ‘
4,1 (AD x 0096) xz 1,05

The factors asaessable in each case were thus : |
(1) weight of body ; (2) weight of pancreas ; (3) |
| welght of acinar tissue ; (4) weight of islet tissue*
(5) weight of acinar and islet tissue per kg. bods |

| welght ; (6) average welght of islets ; and (7)

] total number of islets. The calculation of a case |

is demonstrated in Table I. |
The scurces of possible error in the above

method were four in mumber, (1)} Infant pancreases |

|
sometimes relised the problem of necessarlly

distinguishing islets from ductules and acini, Such il
difffculty is reasonable in view, as described by |
Laguesse (1895, 1909-10 ), Pearce (1903) and Kuster |
(1904), of the common origin of acini and islets from‘
dactules, but considerable accuracy in differentiation

was/ |

«« R = real racdius of average islet (sphere BABG}-L

lé.
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was nevertheless achieved with experience. (2) The;
investigation was limited to only foresy five fields |
| in each pancreas, but the examination of a greater i
area was precluded by the tedicusness of the method,

Regional differences 1ncidentally were covered by
the fields being equally distributed between head,

body and tail, (3) Caleanlation of the weight of

islet tissue from the percentage area fock for '
% granted that islet®and acinar tissues have the same

! specific gravity. No way exists of proving this |
2 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 departed in

| varying degrses from so regular a form. |

Results

Examination of the sabove ncted 100 cases f
yielded figures summarised in Table II. |
1. Welght of (a) bedy ; (b) acinar tissue ; and

(e¢) islet tissue. Bach of these factors follows a

'genarally similar pattern of growth (Figs. 2 =5). i

The curve rises rapidly during the first two or three

|years and particularly the first year of 1ife. It is
{then characterised by consecutive phases of relativelx
slow and rapid increase in childhoo® {4- 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.



g . 19, |
Table II.
10| Sex]  Age. | Wt.of | Wt.of | Wt.of |Wt.of | Wt.of |Wt.of | Av. No.
@ body |pan- | acinar|acinar | islet |islet wt, of
in kg.| creas | tissue|tissue | tissue|tissue | one islets.
in g. | in g. |per kg. | in g. |per kg.| islet
body wt. body wt] in ¥
in g. in g.
1 7 | st111- | 3.0 2,42 | 2.30 | 0.77 0.12 | 0.052 | 1.476 105,014
: born
9 F | I1ed at| 4.3 4,08 | 3,97 | 0.90 0.11 | 0.026 | 0.421 263, 658
birth
5' F | still- | 3.2 2.40 | 2.35 | 0.73 0.05 | ¢.015 | ©.344 139,535
El born
o | F [st111- | 3.6 | 2.30| 2.11 | 0.60 0.19 | 0,083 | 0.447 | 425,056
g born
s, | M | st111- | 3.3 1.92| 1.83 | ¢0.56 .09 | c.027 | 0.185 486,486
: born , :
6. | M | 2 days | 3.3 3.04 | 2.92 | 0,89 0.12 | 0.035 | 0.508 236,220
7| M | 6 daays | 2.9 | 1,47 | 1.41 | 0.49 | 0.06 |0.021 |o0.508 | 118,110
8, | F | 5 wks. | 3.5 6.77 | 6.50 | 1.86 0.27 {0.079 |0.53 513,915
9. | # |9 wks., | 3.5 2,75 | 2.66 | 0.76 0.09 | 0.026 |0.237 379,747
10| F | 3 mths.| 3.3 3.61 3.54 | 1.07 .07 |[0.021 |0.368 185,792
11| F | 4 mths,| 4.3 5.10 | 4.86 | 1.13 n,24 | 0,056 |0.275 876, 364
12| ¥ | 5 mths, [10.2 4,77 | 4.53 | 0.44 0.24 |0.02¢4 |0.344 709, 302
13| P | 6 mths.| 5.0 | 4.99 | 4.88 | 0.98 0.11 |o0.022 |o0.421 | 263,658
14| ¥ |6 mths.| 5.9 5.94 | 5.72 | 0.97 0.18 |c.031 |o.237 772,152
15| F | 6 mthe.| 5.5 9.04 | 8.83 | 1.61 0.21 |0.039 |o0.715 296,503
16| F |7 mtha.| 7.3 |12.60 |11.93 | 1.73 0.67 |0.002 |1.296 513,846
1| F |7 mths,.| 5.1 6.20 | 6.00 | 1,18 0.20 |0.03 |0.220 900, 000
18 | F 7 mths.| 5.0 3,65 | 3.85 | 0,71 c.10 |o0.021 |o0.254 405,512
1| F |8 mths. | 5.5 4,42 | 4,22 | 0.7 0.20 [©.038 |c.s08 393,701
20| M |8 mths.| 6.5 [12.78 [12.731 | 1.89 0.47 |o0.073 |0.203 |2,325,123
L1 F |9 mths. | 9.5 [13.23 [12.77 | 1.34 0.46 |0.049 |0.680 679,412
2| ¥ |9mtha. | 7.7 | 7.22 | 7.14 | 0.95 0.19 |0.02¢4 |0.169 |1,100,592
% F fl0 mths, | 6.7 (11.90 (11.45 |1.70 n,55 |0,082 |0,.607 909, 390
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9.
'r;;'_éex Age. IWt.of Wt.of | Wt.of | Wt.of Wt,of | Wt.of Av. No.
body | pan- acinar| acinar | islet |islet wt. of
in kg creas | tissue| tissue | tissuq tissue | one islets,
in g. | in g. per kg. | in g. | per kg. | islet
body wt. body wt) in ¥
< in g. in g. {
24 ¥ |10 mths. | 9.6 | 10.32 | 9.90 1.03 | ©0.42| 0.04¢ lo.572| 730,510
% | F |1 vr. 6.9 | 9.02| 8.84 1,28 | 0,18| 0,026 |0.392 | 454,082
6| F |1 yr. 7.4 | 7.42| 7.22 0.97 | ©0.21|0.0290 [1.817| 117,226
o | B |1 yr. 9.1 | 9.96| 9.63 | 1.06 | 0.33|0.037 |o.392| 841,83
(oo | P |1 yr.1mth.7.7 | 12.80 | 12,37 1.6¢ | 0.43]| 0.056 |0.607 | 708,402
log| P |1 yr.lm, 9.1 | 9.83| 9.49 1.04 | 0,340,037 |[0.642 | 529,595
o|F |1yr.2m.|6.6 | 8,70 8.29 1.26 | 0.41|0.062 [0.275 |1,483,638
la|® [2.5m|7.8 | 8.20| 7.83 | 1.00 | 0.27| .08 |0.447 | 597,315
w|F |1 yr.3m.|8.2 | 13.15 12,53 | 1.53 | 0.62| 0.075 [0.644 | 959,627
5| F |1 yr.5 mf10.3 | 17.60 [16.98 1.66 | 0.62|0.061 [0.508 |1,220,472
F (1 yr.5m(8.9 |11.80 [11.18 1.26 | 0.71|c.080 [1.240 | s72,881
x| M |1 yr.6m. 9.4 | 8.45 | 8.23 c.e8 | 0.22|0.025 [o.254 | 854,2:
(3| ¥ |1 yr.9 mro.8 | 14.49 [14.07 1.3 | c.42|0.0% [o.237 |1,763,713
s|F |2 yr.l mf1o,6 | 13,64 |13.52 1.28 | 0.12]0.011 fo.es0 | 176,4m
3% |2 yp.2 m12.7 | 19.30 [18,.66 1.47 | 0.64|0.050 [0.840 | 755,952
BM |2yr.3m|9.9 | 21,56 |20.78 2.10 | 0.78 | 0.080 l6.715 |1,090,909
10|X |2 yr.6 m.12.2 | 15.6C |14.84 1.22 | 0.76|0.062 |0.642 (1,185,358
a(% |3yrs, o, | 12.76 |12.54 1.9 | 0.22|c.021 [o.4a76 | 457,983
(2| F B yrs. [16.0 2n.60 | 28.17| 1.76 | 0.43|0.027 |0.447 | 961,969
5|M |5 yrs. [15.5 | 19.60 | 19.21| 1.24 | 0.29 |o0.025 |0.421 | 926,366
F'44 M [5yrs. 6.0 | 24.30 |23.7 1.48 | ©.60| 0,038 [0.607 | 988,468
% M 16yrs. [4.0 | 23,00 |22.4 1.60 | o.60|0.043 [0.788 | 791,557
/M 16 yrs, [20.5 | 20.60 |20.2 0.99 | 0,400,020 [0.254 |1,574,803
Y| F |6yre. 5.5 22,70 |21.87 1,41 | 0.83| 0,054 [0.478 |1,736,402
®M |7yrs, 7.0 |42.10 [41.65 | 2.45 | 0.45|0.026 |0.421 [1,068,884
9% N0 yrs, fo5.5 | 21,40 [22.95 | 0.1 | 0.35|0.004 [0.344 1,017,442
0| F N3 yrs, 25,0 | 28,60 |27.90 1.12 | o.70| 0.028 [1.025 | 679,612
E
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'E;;*'Q;x. Age. | Wt.of | Wt.of | Wt,of (Wt.of |Wt,of [Wt.of av. | o,

: body | pen- acinar [acinar |islet |islet wt, of
in kg.| creas | tissue|tissue |tissue |tissue one islets
in g. | in g. |per kg. |in g. |per kg, islet '

body wt. body wtJ in ¥
in g. in g.
!

;n ¥ (13 yrs. | 33.0 |58.80 | B8.25| 1.76 | 0.55 [C.017 [0.7156 | 783,217
52| M |13 yrs. | 52.5 | 44.60 | 43.54| ©.83 | 1.06 |0.020 [0.644 [1,645,963
53 F |14 yrs. | 34.0 |55.5¢| 54.91| 1.62 | 0.59 [0.017 [0.643 | 917,574
o | % [14 yrs. | 46.5 |B6.60| 55.87| 1.20 | 0.73 |0.026 [1.18¢ | 18,644
55 | P [15 yrs. | 3.0 | 40.50 | 20.28| 1.06 | 1.22 [0.033 [1,240 | 983,871
56) | @ |15 yrs. | 40.5 | 35,10 | 34.49| 0.85 | €.61 [0.015 [0.930 | 655,914
s7' | F |16 yrs. | 48.0 | 46,20 45.35| 0,94 | 0.85 |0.017 [0.715 [1,188,951
s/ | F |16 yrs. | 40.5 | 51.80| 51.18| 1.26 | 0.62 [C.015 [0.644 | 962,733
Esw F |15 yrs. | 43.5 | 78.30 | 76.87| 1.77 | 1.43 [0.033 [1.240 (1,153,226
leo! | ¥ [16 yrs, | 42.0 | 50,20 | 49.58| 1.18 | 0.62 (0,015 [0.572 (1,083,916
g | ¥ |18 yrs. | 33.0 |59.90 | 59.12| 1.79 | 0.77 |0.023 |1.c76 | 712,963
62! | F |18 yrs, | 50,0 | 79.80 | 78.49| 1.57 | 1,31 [0.026 [1,240 (1,056,532
63 | F (18 yrs, | 50.0 | 49,00 | 48,56 0,97 | 0.44 (0,009 [0.680 | 647,059
q64 | F 119 yrs, | 49,5 | 44,70 | 44.13| 0.89 | 0.57 |0.011 [0.840 | 678,571
65 | M 19 yrs, | 84,5 | 90,40 | 9¢.36| 1.390 | 1.04 [0.016 [0.447 | 232,662
66! | F (19 yrs. | 48.0 | 62.00| 51.08| 1.06 0.92 (0.019 [0.978 940, 695
o | F |20 yrs. | 57.5 |77.50 | 77.15( 1.32 | 1.35 (0,023 (0,715 [1,888,112
lﬁs F |21 yrs. | 50.0 | 61.60| 59.79| 1.20 | 1.81 [0.036 |[1.416 [1,274,648
% | F [22 yrs. | 50.5 |88.00| 85,94| 1.70 | 2,06 [0.041 [1.476 (1,391,892
| ¥ |23 yrs. | 43.0 |52.90| 52,41| 1.22 | 0.49 (0,011 [0.680 | 720,588
¥ |24 yrs, | 48.0 [100.50 | 97.18| 2.05 | 2,32 [0.c48 (2,738 | 846,715
¥ |24 yrs. | 38.0 | 63.00| 61,90 1,63 | 1.10 [0.029 [0.478 [2,301,255
F 24 yrs. | 37,0 |45.00| 44,28 1.20 | c.72 [0.019 [1.476 | 486,486
"\ F |25 yrs, | 44.0 |49.50 | 48.66| 1,11 0.84 [0.019 1.128 | 743,363
75 | F 125 yre, | 46.0 |®8.00 | 87.45| 1.90 0,55 (0,012 |0.758 | 725,594
% |M 128 yrs, | 56.0 |61.20 | €0.63| 1.08 | 0.57 |o.010 [o.715 | 797,203
"% |28 yrs. | 55.0 |7s.30 | m7.81| 1.42 | 1.20 [0.025 [1.3m 955, 555




i1, g2, |
e = . :

No.| Sex Age. Wet.,of | We,of |Wt,of |Wt.of Wt.of | Wt.of Av, No,
body | pan- acinar | acinar | islet | islet wt, of .
in kg, creas |tlssue | tissue | tissue tissue | cne islets

in g, |in g. per kg, | in g. | per kg.| islet
body wt| body wtf in Y
in g. in g.

,@' P |28 yrs.| B53.0 |67.CC | 65.74 | 1,24 1.26 | 0.024 |2.,122 594, 340

m| M |33 yrs.| 52.0 |[79.50 | 77.67 | 1.49 1.83|0.035 |1.744 |1,051,149

go| F |35 yrs.| 60.0 |67.60 | 66.98 | 1,12 .62 | C.010 |c.392 |1,581,633

a1| F | yrs.| 48,5 |76.10 | 75.28 [ 1,55 0.82 | 0,017 |C.758 (1,018,794

g@o| F |3 yrs.| 37.0 |e8.00 | 86,62 | 2,34 1.38 | €,037 |1.817 768, 242

g5 | M |40 yrs.| 46,0 |79.8C | 78.69 | 1.71 1.11 | 0.024 |0,.840 | 1,321,429

g | F |40 yrs.| 51,0 |[66.00 | 64,79 | 1.27 1.21 | U, 024 |1.817 664,835

‘g5 | P |40 yrs.| 40.5 (41.80 | 4C.e4 | 1.00 1.16 | ©.029 |1.416 816,901 |

g6 | F |41 yrs,| 43,0 |58.6C | 58.28 | 1.35 0.32 | C.007 |0.930 344,086

g7 | F |41 yrs,| B3, 5C.30 | 49,15 | ©.93 1.15 |0:022 |1:.351 851,852

g | F |42 yrs.| 36.0 |58.6C | 58.22 | 1,62 0.38 |0.010 |1,184 322,034

g9 | ® |44 yrs.| 48.0 [7c.00 | 69.55 | 1.45 C.45 |C.009 |0.883 | 509,627

90| F |47 yrs.| 48.0 |61.90 | 60,62 | 1,26 1.28 |0,027 |[1.918 666,666

91 | M |49 yrs, | 49.0 |[56.50 | 55.49 | 1.13 1.01 {0,021 |[1.476 684,282

92 | M |50 yrs.| 54.0 |74.50 | 73.5¢ | 1.36 ©,96 |c.018 |0,978 981,595 |

95| F |60 yrs.| 51,0 |[74,70 | 73,32 | 1.44 1,38 |0.027 |0.978 | 1411,043

?94 F |60 yrs.| 53.0 |67.20 | 66.39 | 1.25 0 .81 |0.015 [1.076 | 750,000

9% | F |62 yrs.| 46.0 |46.,30 | 45,05 | 0.98 1.26 (0,027 [1.240 |1,008,065

9 | # 166 yrs, | 857.0 |61.30 | 60.21 | 1.08 1.09 0,019 0,715 [1,524,477

07 | M 187 yrs. | 52.5 |94.,20 | 93.06 | 1.77 1.14 0,022 [0.840 |1,357,142

8| M |57 yrs. | 64.5 |95.2¢0 |93.35 | 1.45 1.85 |0.029 [0,978 |1,891,616

%9 | F |61 yrs. | 53.5 |71.80 |70.94 | 1.33 0.86 |0.016 [0.978 | 879,346
0| M 64 yrs. | 49.5 |63.60 |62,4¢ | 1.26 | 1.16 |0.023 [0.930 1,247,312
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of 3.5 kg. and 48 kg,., the acinar tissue between |

averages of 2,6 g. ond 66 g., and the islet tissue

between averages cof 0,12 g, and 1,07 g, at birth
. and 21 years respectively. The curve of the body
welght remains constant between 21 years and 485

years and thereafter rises slowly to reach an averagai
- of abaut 55 kg. at 64 years. On the other hand, i

the curves of the welghts of the acinar and islet |
i 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 welght of the body and thc weight of the |
islet tissue within wider limits than the welght of
| both the body and acinar tissue at any particular age:
i The relative rates of increase of the body; |
; acinar tissue and islet tissue in respect of weight

are shown in Table III and Fig., 12, The periods

|
}conaidered in this analysis are the first, second and
| third years of 1life, childhocd ( 4 - 12 years ), |
 adolescence (13 - 21 years), and adult 1ife (22 - 64
!years }J. The data tabulated were cbtained from the |
:eurves in Figs., 2, 3, 4, 9 and 10 and alsc by I
carefully considering the ratios of the weights of |
the aclnar and islet tissues to the weight of the |
Ibody and of the weight of the islot to the weight of |
the acinar tissue during the specified periods. i
| In the first year, the acinar and islet tissues i
grow rapidly aend equally ( x 3,5), while the body as

a whole increases less quickly (x 2.2). During

ithe second year, much slower growth characterises all
 three/

23,



13. 24,

Teble 11X,

To show relative increase in welght of body, acinar
and islet tissue, and in the number of islets and

average weight of one islet.

Years, ist. 2nd. 3rd, 4-.12 13-21 22- 64
Body welght 2.2 | 1.3 | 1.2 2.3 1.7 1.(2)
?Weight cf acinar
| tissue. 3.8 1.4 1.2 2.3 3.9 1.0
[ Welght of islet
tissue 35 | 1.4 | 1.06 | 1.2 1.7 1.0
[ Yo, 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
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three factors, but the acinar and 1glet tissues still

|
. grow equally (x 1.4) and excead the growth of the ‘
|

 bedy (x 1,3 }. In the third year, the three factcrs |

- growth in the direction of equallty between the body

- and acinar tissue (x 1.2) and a lag on the part of the

. the growth of the body and acinar tisasue (x 1.7).

show even less rapid growth than during the previous

year and also a change 4in their relative rates of

islet tissue (x 1.06). During childhood, the body
and acinar tissue continue continue to grow equally
{x 2.3), while the islet tissue maintains its slower |
growth (x 1.2). 1In adolescence, the islet tissue

grows more rapldly than during childhood and equals

After 21 yesrs, the three factors tre stable except :1
for the already noted increase in body weight during
the period after 45 years. |
The associated changes in the relations of the !
acinar and islet tissues in respect of welght to the ,
welght of the body and to age are detalled in
Flgs. 6, 7 and 8., Bgoth the acinar tissue and the
islet tissue per kg. body welght increase rapidly
during the first year and much more sl-owly during the

second year, The acinar tissue per kg. body weight

thereupon becomes stabilised, while the islet tissue |
per kg. boly weight declines more or less rapldly to :
reach stabilisation at 12 years. The acinar tissue.
per kg. body welght increases between averages of
0.74 g. and 1,33 g. at birth and end of two years
respectively. The islet tissue per kg. body welight
averages 32 mg., 53 mg. and 22 mg, at birth, end

Lot/

25,




' childhood (x 1,2) and more rapidly again in

15,

of two years and 12 years respsectively. i
|
2., Number and average welght of 1sleis. The

islets can be evaluated numerically in Table II and
Figs. 10, 11 and 12, They varj between 105,014 and
486,486 and average 284,000 at birth., = The count |
increases diring the first three years, but deces s0
more rapldly during the first year (x 2,5) than the
second year (x 1.6) and especially the third year |
(x 1.03). It becomes stabilised at 960,000 by the |
end of the third year. The islets vary numerlcally

within very wide limits at all ages. Thus, two

subjects of eight months (19 and 20) have counts of
respectively 393,701 and 2,325,123, while two 03334
of 24 years { 73 and 72) have counts of respectively
486,486 and 2,301,285,

The average weight of the islets can be
evaluated in Table II and Figs. 9, 11 and 12, It
varies (excluding case 1 which is apparently
exceptional) between 0€.185 ¥ and 0,447 ¥ and

averages 0,350 T at birth, It increases rapldly

during the first yesr (x1.4) and progressively more
slowly 1n the second year ( x 1.1) and third year |

(x 1,02), The average welight rises slowly daring

adolescence (x 1.7). It 3lows down quickly in lts

increase towards the end of the adolescent period
and becomes stabilised sbout 1.2 ¥Wat 21 years. The
average weight of the islets varies within wide
limits at all ages. Thus, two subjects of one year

( 25 and 26) have islets averaging respectively
€.382Y /
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0.392 and 1,817 ¥ , while two cases of 24 years
(72 and 71) have islets averaging respectively
0.478 ¥ and 2,738 V¥ .

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 1llustrated |
in Table III and Fig. 12, The increase of the i
1slet tissue during the first three wears is due more
to an increase in the number than in the average
welght of the islets, The r0le enacted by the

inerease in number of the islets as compared with

that due to increase in the average welght of the
islets, moreover, is greateat in the first year

( x 2,5 and 1.4 respectively) and progressively less
marked in the second yesr ( x 1.3 and 1,1 respective-
1ly) 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 withaut any accompanying hyperplasia of
the islets. Cesmsation of such insplar enlargement
finally entalls stabilisation of the islet tissue
88 a whcle at 21 years,

The relationship between the number and average
weight of the islets was investigated by the
construction of a special greph (not illustrated).
This shows that e small number is usually accompanied

by a low average weight, that an intermediate number

may go with either a low or high average weight, and |

that a large number tends to be paralleled by a
low/




| L7

i low average weight, i

; P iscussion,

|

| Several investigators including Opile (1900),
Sauerbeck (1902), Helberg (1906) and Cecil (1912)

| have mace counts of the islets in specified sectlional |

i areas of human pancreas. The total number of islets
in the human pancreas, hcowever, has been computed

gby cnly Clark (1913) using the method of Bensley

i(1911-.12) for estimating the total islets in the |

pancreas of the guinea pig. This technique 1nvolvea!

transfusing the organ immediately after death with |

neutral red or jamus green in crder selectively to i

stain the islets, under a low power of the '
imicroscOpe ccunting the islets in several teased

'slices from the head, body and teil, weighing these
ipiecea and calculating the total number of islets
;accord}ng to the weight of the whole pancreas. |
iclark (1913) in seven subjects varying in age from
‘aix months to 45 years cobtained total counts between
'120,0(50 and 1,760,00C. He entertained hopes of
using the method in asutopsy subjects, but met with

such disccuraging results on transfusing four

recently dead individusls as ultimately to consider

the technique valﬁeless except in subjects killed
by viclence. On the other hand, the mathematical

method herein described is readily applicable to

ordinary post mortem material and has thereby made

%poaaiblo estimates of the total islets in a

reasonably large series of cases., The total count

in/

28,
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in the adult individual according to this i
investigation averages 960,000, but is incidentally
remarkable for 1ts wide variation at any particular
age. I
The fact of the present series covering the |
first 64 years of 1ife further affords an cppertunity
of determining whether the pancreatic islets acﬁuallf
increase in mumber after birth, This question is é
varicusly answered in the literature. Thus, the i
islets in the opinion of Laguesse (1893) are mare
mumerous during foétal life than at birth and there;:
after diminish further in number. Agaln, Opile |
(1900) considers that after birth the islets remain
constant numerically and merely become separated by |

a growth of acinar tissue. Finalliy, a continued

new formation of islets from cducts after birth is

| postuleted by Weichselbaum and Kyrle (1909) on the

grounds of islets in the adult organ being found
contiguocus with chc_t‘s showing evidence of cellular

| division. Now, the islets according to this

investigation clearly continue to increase

numerically during the first three years of life and '

| in this time actuslly multiply between averages of

284,000 and 960,000, In other words, the islets
increase as much as 3.4 times during the first three|

years of l1life. The opinion of Weichselbaum and

Kyrle (1909) favouring an increase in the number cf |

| islets postnatally is thus, on the basis of the

present cbservations, much to be preferred to that of |

' Laguesse (1893) and Opie (1900). |

The/
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the degree of hypertrophy, albeit in decreasing

| measure, Hyperplasia of the islets ceases at the

190 |

The 1slet tlssue increases on the average nine
times in weight between birth and 21 yeers. During
the first three years the increasse is due to
assoclated hypertrophy and hyperplasia of the islets,

but the amocunt of hyperplasis 1s always greater than

endé cf the third yesr and thereafter the sole means
by which the islet tissue reaches its full guota

at 21 years is through hypertrophy of the already
formed 1glats. Hypertrophy entails a total average
increase of the islets from 0.35 ¥ to 1.20 Y . |
That is tc szy, the firat 21 years are characterised
by the islets growing on the average 3,4 times in
weight and thus exactly duplicating the measure of
thelf-avaraga incrense numericslly dairing the first
three years. The wide variation of the islets in
number ig further parallsléd by their corresponding
varlability as regards weight at all ages. HNo

relatlon, however, exists between the number and

average welight of the islets in the indivicdual
pancreas, :

The islet and scinar tissues increass

equivalently during the firat two years, but much
meore rapidly in the first than the zecond year. The
third year is characterised by lesser growth on the
part of the islet than the aclnar tissue. This t
relationship is maintained during childhood, but is
replaced throughout adolescence by further equivalent

increase of the two parts of the pancreatic structure.
These/ _ )
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These observations point to an equal differentiation
of the small pancreatic ducts into islets and acini
during the first twe years. The rapid decline in
the formation of islets from the duc¢ts in the third
year, hopever, is apparently not compensated by
correspcndingly increased hypertrophy of the already
formed 1alets with the result that at this time the
islet tissue shows relatively less growth than the

acinar fraction. The acinar increase contimmes to

| exceed 1slet hypertrophy during childhood, but in

adolescence is overtsken by sn equivalent
enlargement of the islets.
The aclnar tissue grows mcre rapidly than the

body &3 & whole during the first two yeasrs and

: eﬁpeciaily the first year., This cbservation might

be interpreted cn the grounds of th¢ =11k diet of
the infant, through its demsnds for digestive juices,
acting en a greater stimulus to the growth of the
acinar tissue than of the body as =2 whole., If this

be so, the preferential dietetic stimulus is

- maintained by the changes, guantitative and

qualitative, cccurring in the diet after weaning,
but must disappear about the end of the second year
since the acinar tissue and body increase
equivalently from the beginning of the third year
onwards.

The relatively high smount of islet tissue in
the body during infancy and childhocd is interesting
in regard to the sugar tolerance of these periods,

especially infsncy. Thus, Mogwitz (1913-14)
estimating/

31,
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estimating sugsr tolerance in six children between |

. four and thirteen months fed five with milk providing

ebout 2 g. of suger per kg. body welght. Four

]
|
|

- responded with a rise in their blood sugar of at

l

mo=t 17 mg. per cent, while the curve pesks of the .
other cases were 124 and 134 mg. per cent. Bergmark
{1914) investigated the response of the blood sugsr
of infants to the ingestion of variocus kinda of
sugar. Lactose, maltcse and saccharose in his
opinion produce inecreasingly high responses, but all

the resultant curves are much lower than in adults.

Spence (1920-1) efter estimating blood-sugar curves
in a serles of infants and acdults makes the statemenﬁ
that children under three years of age normally haveé
a low sugar-tolerance curve, Brown (1924-5) arrivai
at a similar conclusicn after an investigation of i
ten healthy intants under thirteen mcnths. How, the i
period of high sugar tolerance, 1.e. the first three
years according to Spence (1220-1), 1is characterisedi
by a relatively very high ccntent of lslet tissue in

the body. The unusual activity of the carbohydrate—i

storage mechanism in young children may thus
reasonably be cue tc¢ the outpouring from a ralativalyi
large quota of islet tissue of a correspondingly
large amount of insulin whereby the rising blocd
sugar is prevented from reaching the higher adult
level,

Sugar tolerance 2ccording tc the above

reasoning should increase cduring the first two years |

and decrease during childhood to reach the adult
standaré/

32,




. (1924-5) aend Spence (1920-1) slsc states that sugar

' the relative amount of islet tissue in the body that

| (1920-1) bases his conclusion regarding sugar

‘basis of the accompanying incresse and decrease in

22,

standard at puberty. No increase of sugar |
tolerance during the first two years is spparent

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

tolerance after the age of three years is of the
acdult type. Both of these invesatigators, however,
deel with relatively few cases and the four chilcren |

between four and seven years upon whom Spence

tolerance after the age of three years might
inadvertently have had a low guota cof islet tissue.

the present cbservations certainly suggest on the

the first two years and childnood might well be |
proved, by the investigation of a reasonably large
series of sultable subjects, to be characterised
by gradatlions of sugar tolerance in the direction
during the first pericd of increase and during the
second pericd of decline from the higher tc the
lower level of the infant and\ adult respectively.
Sugar tolerance according to Marshall (1930-1),
Hale-White and Payne (1925-6) and Ogilvie (1935)
@iminishes progressively with advancing years., The
period after the age of fifty, however, has been
found in this work, despite the accompanying 1ncrease‘
in body weight, to be characterised by no signiflcant‘
chahge in the relative amount of iglet tissue in the :

|
body. The deter ioration of sugar tolerance with |
increasing/ i

33,
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increasing age would thus appear to be @ue to a

gradual failure in the secretion of insulin such as |

. in exaggerated form scmetimes causes the elderly |

| of imslets,

. of the bedy.

subject to become mildly diabetic. The explanatiocn
of this late deteriorstion in sugsr tolerance, of ‘
course, may lie primarily, not in the islet tissue, |
but in the anterior hypophysis which has lately been
shown by Houssay and Blasottl (1930} o play an

impertant part in carbohydrate metabolism.

Summary

Methods are describec whereby, given the

. weights of the body and pancreas,; estimates can be i
]
|

made of the pancreas as regards (1) welght of acinar
tissue ; (2) welght of islet tissue ; {3) weight of
acinar and islet tissue per kg. body weight ; (4)
average weight of islets ;3 eand (5) total number
‘These factors have been determined for the
pancresses of 59 females snd 41 meles varying between
newly born infants end an adult of 64 years and on i
the basis thereof have been further assessed, so far
as the period specified is concerned, in respect of
the smount of their increase and also the rate of %

their increase individually and relative tc both

each cther and the rate of increase of the welght

The infsnt has been shown to have a relatively

greater amcunt of islet tissue than the adarlt and

this finding is suggested as the reason for sugsr

|
|
tolerance being higher in the infant than in the adult.
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26,

37,

i Sex.,. Age, Part Ho. Ko, We. We. Area Area
| of fields. islets. sheet islets sheet islets
pan- in g. in g. in in
creas, 8sg.cm, 8q.cm,
F Still- 7 102 4,83 1.92 516.64 - 205.4
born
8 69 4.80 1,10 516,64 118.4
” 9 136 4.82  1.87 516, 64 179.0
0 " ‘ﬂ‘.,'." s ; H ‘:‘\__ " 3 "
. P, Died at H 18 180 4,74 1.27 518, 64 138.4
“fiil ' birth :
i 10 120 4,94 0,75 516, 64 78.4
12 162 4,72 1,12 516, 64 122.6
== Still- H 15 137 4,94 1.15 516, 64 120.3
born
15 178 4,85 0,77 516,64 87.8
' 15 164 4,92 0.85 516, 64 89.3
" F 'Sti111- EH 8 186 4,5¢ 1.13 516.64  128.6
“born ) o
B 5 183 4,87 1.48 516, 64 167.4
T 5 271 4,55 1.51 516,64 171.5 ;
¥ Still-  ® 3 95 4.59 0.32  516.64,  36.2
“born
B 8 130 4,60 0.44 516, 84 49.4
: T 3 178 4,59 0.73 516, 64 82,7 f
Ry '
¥ 2 days 12 163 4.55 1,29 516.64  146.5
9 - 162 4,58 1.08 516,64 121.8 |
’ |
8 128 4,50 0,91 516, 64 102.4 f
M 6days & 14 o281 4,56 1.65  516.64 186.9
B 11 154 4,66 1,37 516,64 151.9
T - - - - - -
F 5 wks, H 12 191 4,77 1,30 516, 64 140.8
13 158 4.93 1.40 516, 64 146,7
T 9 178 4,72 1.47 516, 64 160.9



o7,

ea Area # area No. Av, area wt,
glets pancreas ialat islets one islet . pan-
|5 fields 15 fields tissue in in 15 in sq.cm, creas
. sa.cm. in sg.cm. pancreas fields in g.
4596.8 8.79 Av. 229.5 Av. 2.00 Av.
4996.8 4.46 6.40 120.5 195.2 1.71 1.68 2,42
4996.8 5.97 226.5 1.32
4996.8 2,77 180.0 677 _
4996.8 2,35 2.73 180.0 187.5 G.65 ©.73 4.c8
4996.8 3.06 202.5 0.76
4996.8 2.41 137.0 0.88
4996.8 1.76 1.99 178.0 150.7 0.49 0,64 2.40
4996.8 1.79 164,0 0.54
4996.8 4.83 349.5 0.89
4996,8 10.06 8,38 540.C 570.5 0.92 ©.75 2.3
4996.8 10.27 813.0 0.63
4996.8 3,63 475.0 0.38
4996.8 1,86 4,58 261.0 537.0 .36 0.40 1.92
4996.8 8.27 875.0 0.47
4996.8 3. 66 204.0 0.9¢
4996,8 4,05 3,85 270.C 238.0 0.75 0.82 3,04
4996.8 3.84 234 .0 0.82
200, 3 - 4996.8 4.00 301.5 0.66
207, 2 4996.8 4.14 4,07 g210.c 55,8 0,99 0,83 1,47
18,5 4996.8 3.51 238,5 C.74
(18,5 4996.8 3.30  4.09 183.0 239.5 0,93 0.86 6.77
8,8 4996.8 5,37 297.0 0.90




28. 39,

Wt. Body Islet Acinar Volume Wt,of Total
acinar wt, tissue tissue cf one one No. of
tissue in kg. ﬁ r kg. per kg. islet islet islets
in g. W, in B.W, in c.u. in
_ . in g.
012 2,30 . 3.0 . 0.082 0.77 1.406 1.476 105,014
!
011 4.0 4.3 0.026 0.923 0.401 c.421 263, 668
f
(o8 235 32  o.0s 0.74 0.328 0. 544 139,535
i
0. 19 2.11 3.6 0.053 0.60 0.426 0.447 425,056
!
0.09 1.8 3.8 0.027 0.56 0.176 ©.185 486,486
f
0.12 2.9 3.3 0.035 0.89 0.484 0.508 236,220
0. 060 1.4 2.9 0,021 0.49 0.484 0.508 118,110
F-_
0,27 6.5 3.5 . 0.079 1.86 0.513 0.539 513,915




29. 40.
| o. Sex. Age. Part Ro, No, wt, we. Area Area
_ . of filelds, islets. sheet 1islets sheet islets
pan- in g. in g. in in
creas. sq.cm. sq.cm,
y F 9 wks. H 6 164 4,62 0©.66 516, 64 73.8
14 160 4,63 1.11 516, 64 123.9
2 6 136 4,66 ©.67 516, 64 74,3
: v
- 18 158 4,84 0,92 516,64 98.2
= 10 91 4,72 ©.53 516,64 58.0
: T 8 102 4,69 0.62 516,64 68,3
{11 P  4mths. =H 8 253 4,2 1,48 516.64 1565.4
| 16 220 4,85 1.05 516, 64 111.8
! 7 9 308 4,91 1.42  516.64 149 .4
12 M 5 mths, H 237 4,83 1.28 516, 64 136.9
. 169 4,72 0.94 516, 64 102,9
' P 230 4,82 1,47 516, 64 157.8
%1§.F' 6 mths, H 15 1385 4.95 0.84 516. 64 87.7
: B 10 98 4,76 0.5 5186, 64 81.4
'# _ 7 13 154 4,97 1.02 518, 64 106.0
_1{_! 6 mths, H 12 242 4,67 1.21 516,64 133.9
12 249 4.97 1.15 516, 64 118.9
T 12 266 4.7  1.06 516, 64 116.5
15 P 6 mths. 15 148 4,81 1.12 516, 64 120.3
B 18 103 4,92 1.28 516, 64 134,.4
P 15 106 4,84 0,92 516, 64 98,2
16 F 7 mths, 10 141 4,68 1.86 516,64 205.3
15 86 4,56 1.22 516. 64 128.5
10 164 4,83 2,08 516, 64 232.1




7

L 30. S
| prea Area % area No, Av. area wt.
jglet® pancreas falet islets one islet pan-
15 flelds 15 fields tissue in in 15 in sg.cm. creas
lneg.cm. in sqg.om, pancress fielads : in g.
1845 4996.8 3.689 Av, 409.5 AV, 0.45 Av,
152.8 4996.8 2. 68 3556 1?1.0 305.5 0;46 0.49 2.75
[186.,0 4996.8 3.72 339.0 0.55
98,2 4996.8 1.96 158.¢0 0.68
8.0 4996,8 1.16 1,89 136,56 162.2 0,66 0.66 3.61
8 4996.8 2.56 192,0 0.67
|
291,0 4996.8 5.82 474.0 0.61
168.0 4995.8 3.36 4.72  330.0 438.5 0.51 0,54 5.1 |
249,0 4996.8 4,98 511.5 0.49
456.6 4996.8 5.13 444,0 0.58
20,5 4996.8 4,41 5.12  361.5 412.5 0.6l 0,63  4.77
1295.5 4996.8 5.81 432.0 0.69
87,7 4996.8 1,75 135.0 0.65 -!
192,1 4996.8 2,44 2.22 144,0 1852.0 0.85 0.73 4,99
| 128,0 4996.8 2.46 177.0 0.69 |
167.4 4996.8 3.35 303.0 ©.59 i
:HB.'I 4996.8 2,97 3.08 31,3 315.6 0.48 0.80 5.94 |
| 146.7 4996.8 2,91 332.6 0.44
- ii
! 120,38 4996,.8 2.41 148.0 0.83 4
134.4 4996.8 2.69 2.35  103.0 119.0 1.30 1.02 9.04
98,2 4996.8 1.96 106,0 0.93
; 308.0 4996.8 6.16 211.5 1.46
f" 13,5 4996.8 o.77 5.30  86.0 181.2 1,61 1.50 12.6
- 38,2 4996.8 .96 246.0 1.42



{

. 31. ..

42,
be wt. Body Islet Acinar Volume Wt. of Total =
jlet acinar wt. tissue tissue of one one Ne.
lssue  tissue in kg, per kg. per kg. islet islet of
1 8. in g. B.W, B.W, in ec.u, in islets
_ in g. in g,

(.,09 2.9 3.8 €.0286 .76 C.226 0.237 379,747
i
|
0,068 3.6 3.3 0,021 1.07 0. 349 0.366 185,792
0.;.‘241 4,9 4,25 0,056 1,13 ©.262 ¢.275 876, 564
:
0,244 4,5 1c.2 0.024 0.444 0,328 0.344 709, 302 !
|.
’
0,111 4.9 5.0 c.022 0.98 0.401 0.421 263, 658 “I
- \
0,183 5.7 5.9 0,031 .97 0.226 0.237 772,152 ‘
!
i
I
Lotz .8 5.5 0.030 1,61 0. 681 0.715 296, 503
|
.68 11,9 7.3 0,002 1.73 1,234 1,296 513,846 |
}_
i I
: |



32, 43,
jor. SeX. Age. Part o, No. wt. we. Area Area
of fields, 1islets., sheet 4islets sheet islets
pan- in g. 1in g, in in
. creas, 8g.cm, 8q.cnm,
g F  Tmthe, H 15 275 4,49 1,12 516,64  128.9
‘ 2 15 208 4,49 '1.32 516,64  151.8
T 8 234 4,50 0.93 516.64  106.8
. P Twths., H 11 179 4,62 0,80 516,64 89.5
B 13 230 4,87 1.28 516,64  135.8
T 8 154 4,60 0.69 516,64 7.5
9 F B8 mths, 13 233 4,57 2.04 516,64  230.6 |
12 211 4,47 1,42 516,64  164.1 |
T 13 246 4,47 1.56 516,64 180,35 |
% M 8 mths., H 1C 227 4,54 1.57 516,64 178.7 |
' 15 217  4.56 1.08 516,64 1224 |
|
T 15 272 4,556 1,44 516,64 1635 |
2 F . 9 mths, = 15 210 4,79 1,70 516, 64 183.4 |
15 230  4.79 2,06 516,64 222,.2
T : 15 109 4,33 1,04 516, 64 118.6 4
2 ¥ 9 mtha. 15 331 4,74 1,22 516,64  133,0 ﬂ
16 282 4,80 0.99 516,64  104,.6 |
T 12 201 4.92 1.13 516,64 118.7 |
¥ F 10 mths. 13 225 4,57 1,87 516,64  211.4
15 251 4,63 1.84 516,64  205.3
_ 10 164 4,63 1,47 516,64  164.0 |
N 10 mths. 12 189 4,77 1,14 516,64  125.0
B 10 153~ 4.80 1,35 516,64  145.3
10 154 4,93 1.47 516,64  160.6




33,

jrb8 Area % area No, Av, area Wt. s
slets pancreas islet islets one islet pan-
5 flelds 15 fields tissue in in 15 in sq.cm, creas
in 8q.Cm, in sq.om. pancreas fields in g.
128.9~ 4996.8 2,58 275.0 0.47
151.8 4996.8 3.04 3,20 308.0 340.6 0.49 0,47 6.2
199, 5 4996.8 3.99 438.8 0.46
121.5 4996.8 2,43 244.5 0,50
156.0 4996.8 3,12 2.82 265.5 266,5 0.59 0,53 3,65
145,5 4996.8 2.91 289.5 0.50
265.5 4996.8 5.81 268.5 0.99
205, 2 4996.8 4,10 4,53 263.8 272.4 0.78 0.83 4,42
208, 5 4996.8 4,17 285.0 0.73
268.1 4996,.8 5.36 340.5 0.79 '
122,4 4996.8 2,45 3,69 217.0 276.5 0.56 0.45 12.78 |
. ) |
. _ }
183,4 4996,8 3,67 210.0 0.87 |
222,2 4996.8 4,44 3,49 230.0 183.0 0.97 0©.98 13,23 |
18.6 4996.8 237 109.0 1.09 H‘
183.0 4996.8  2.66 331.0 0.40 '|
98.0 4996.8 1.96 2.53 264,0 320,0 0.37 0.3 7.33 |
148, 5 4996.8 2,97 364.0 0.41 L
244,65 4996.8 4,89 259 ,5 0.94 ,'
2053 4996,8 4,12 4,64  251.0 262,2 0,82 0.92 11,9
246,0 4996.8 4,92 246.0 1.00
i
— i
16,0 4996.8 3.12 236, 3 0.66 |
27,5 4996.8  4.35 4.10  220.5 232,38 0.95 0,88 10, 32
41,5 4996.8 4,83 231.0 1.04




34, 45,
E wt, Body Islet Acinar Volume Wt.of Total
slet aclnar wt, tissue tissue of one one No.
lssue  tissue in kg. ger kg. per kg. islet islet of
n g in g. . B.W, in c.u, in islets
g in g. in g.
1,198 6.0 5.1 0.03 1.18 0.209 0.220 900,000
0103 3.6 5.0 0.021 0.7 0,242 0.254 405,512
0,200 4.2 5.5 0.0  0.76 0.484 0.508 393,701
) : ) |
0,472 12,3 6.5 0,073 1.87 0.193 0.203 2,325,123 |
0462  12.8 9.5 0.049  1.34 0. 648 0,680 679,412
LR )
0,186 7.14 7.7 ' 0.024 0.95 0261 0.169 1,100, 582
i 0,552 11.45 6.7 1 0.082 1.7 ©.578 0. 607 909, 390
0423 9.9 9,8 0.044 1.03 0.545 0.572 739,510
—




35, ol
o Age. Part  No. No. We.  Wwt, Area Ares
of fields 1islets sheet islets sheet islets
pan- in g. 4in g. in in
creas sg.cm, egq.cm,
5 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 1.12 516.84  122.6
: 26 1 S'I‘. B - - - - - L,
: B 15 141 4.89 1.34 516, 64 141.6
T 15 183 4,65 1.3 516, 64 145,85
o l1yr. H 18 214 4.87 .90 516,64  101.7
; B 12 217 4,58 1.52 516,64 172.6
; T 5 82 4,56 €.55 516, 64 - 62.3
23 1 yr. H 2 " - > £ - |
: 1 mth, .
: 10 154 4,54 1.33 516, 64 149.8 ;
- 7 15 131 4,58 1.03 516,64 1137 |
2 1 gyr. 15 175 4,58 1.52 516,64  171.5
: 1 mth. .
5 15 178 4,81 1.31 516, 64 146.8
I T 12 154 4,60 1,39 516,64  156.1 |
e ‘ |
£l 1 yr. H 15 232 4.81 1.03 516, 64 110,.6 ﬂ
Vi 2 mths. I
7 230 4,91 1.42 516,64 149.4
h b 8 273 4,84 1,36 516, 64 145.4 |
e ]
%4 1 yr. H 15 236 4,49 1.28 516.64 147.3
: o mths,
15 199 4,44 1.22 516.64 142.0
14 200 4,49 1,65 516,64 189.9
8 1 yr, H 18 212 4,71 1.3 516,64  152.5
3 mtha,
15 158 4,64 1.26 516, 64 139.2
6 185 4.84 1.55 516,64 165.5
i--‘ S =



36,
_ 47,
rea Area - % area No. Av. area wt.
glets pancreas islet islets one islet pancreas
b flelds 15 fields tissue in in 15 in sq.cm, in g.
n sq.cm. 4in sqg.om, pancreas fields
2 -
168.2 4996.8 2,16 149.0 0.69
65.1 4996,.8 1,30 1.97 119.0 138.0 0.55 0.69 9,02
| 122.6 4996.8 2,45 146,0 0.84
141, 6 4996,8 2.83 2.87  141.0 162.0 1.00 1,90 7,42
145,5 4996.8 2,91 183.0 0.80
101.7 4996,.8 2,03 214.0 0.48 r
216,0 4996,.8 4,32 3,36 270.0 243,33 0.80 0.68 9,96
186.9 4996.8 3.74 246,0 0.76
; 4
205,0 4996.8 4,50 3,3 23,0 181.0 0,97 0.92 12.8
113.7 . 4996.8 2,27 131.0 0.87 |
171.5 4996,8 3,43 175.0 0.98
146.8 4996.8 2,94 3,42 178.0 181.7 0©.,8¢ ©.94 9,83
95,0 . 4996.8 3.90 192,0 0,01 |
S 1,
110,86 4996,.8 2,21 232.0 0.48
39,5 4996.8 6.30 4,69 495,0 412.8 0.65 0.585 8.70
| 273.0 4996,.8 5,46 511.5 0.53
A i\
147.3 4996,8 2.95 236.0 0.62
142.0 4996,.8 2,84 3,29 199.0 216.4 0.71 0.76 8.1
204.0 4996.8 4,08 214,3 0.98
152, 5 4996,.8 3.05 212.0 0,72
1%,2 1 4996.8 2.78 4,70 155.0 277.3 0.90 0.84 13.15
i
414,0 4996.8 8.28 465,0 0.90
:
it
|:




e

3. ——

3 wt, Bedy Islet Acinar Volume Wt.of Total o°

et acinar wt. tissue tissue of one one No.

jgue  tissue in kg. per kg, per kg. islet islet of

‘Be in g. B.W. B W, in c,u. in islets

: in g. in g. _
18 8.8 6.9 0.026 1.28 c.313 0,392 454,082
-I'u.eis 7.2 7.4 0.029 0.97 1,730 1,817 117,226
-ﬁ.aa 9,6 9.1 0.037 1,086 0.373 0.392 841,837
0,43 12.4 7.9 0,056 1.6 0.578 0,807 708,402
034 9.5 9.1 0.037 1.04 0,611 0.642 529, 595
fj.ﬁ.-ﬁOB 8.3 6,6 0.062 1,26 C.262 0.275 1,483,638 |
[t.067 7.8 7.8 0,034 1.0 0.426 0.447 597,35

' ag 12.5 8.2 ©.075 1.52 0.613 0. 644 959, 627

}




3.
oo Age. No. Neo. Wt Wt. Ares Area
fields islets sheet islets sheet islets
in g. 4in g. - - in
sg.cm, sq.cm,
5 1 ye. 15 220  4.56 1,65 516.64  186.0
: 5 mths. _
15 180 4,87 1.21 516, 64 139.5
12 209 4,55 1,44 516,64 165,.3
3 1 yr. 10 116 4,59 1,66 516,64 186.8
& mtha,
10 121 4,63 1,69 516,64 188,.6
9 161 4.64 1.83 516. 64 203.8
3 1 yr. 15 207 4.64  0.86 516, 64 95.8
' 6 mths, ;
15 163 4,64 0,64 516, 64 71,3
12 235 4,66 1.42 516. 64 174.3
36 1 yr. 8 236 4,69 1.30 516, 64 143.2
5 9 mths, i
15 146 4,929 0.58 516, 64 60.1
18 229 4,70 0.94 518, 64 103.3
i 2 yrs. 15 48 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
% 2 yrs, 15 137 4,60 1.68 516. 64 188.7
2 mthas. _
185 132 4,59 1.09 518, 64 122.7
15 155 4,61 1.63 516, 64 182.7
Gk 2 yrs. 12 181 4,57 1.36 516. 64 149.8
3 mthao
15 156 4.87 1.43 516, 64 160.2
13 152 4,53 1.63 516,64 174.5
gl - 2 yrs, 8 211 4,52 1,93 516,64 220, 6
‘6 mths, _
15 101 4,50 0.87 516, 64 99,9
3 156 275 4.49 1.90 516, 64 218,6




39, 80

o8 Area # area No. Av, area wt .
lets pancreas islet islets one islet pan-
j fields 15 filelds tissue in in 15 in sq.cm. creas
| sgecm. in sg.cm, pancreas fields in g.
186.0 4996.8 2,72 220.0 0.85 '

129.5 4996,8 2.7 3,55 180.0 220,3 0,78 0.81 17,6
207.0 4996.8 4,14 261.0 0.79

280, 2 4996.8 5,860 174.0 1.61
- 282.9 4996.8 5.66 6,02 181.5 214,5 1.56 1,48 11,89
539,85 4996.8 6.79 268.0 1.27

95,8 4996,.8 1.92 207.0 0.46

7.3 4996.8 1,43 2.57 163.0 221.3 0.43 0,54 8.45
- 217,9 4996.8 4,36 203,8 0.74

268,5 4996,8 5,37 442.5 0.61

0.1 4996,8 1.20 2.88 146,0 27°.% 0,41 0.49 14.49
103, 3 4996.8 2,06 220.0 0.45

43,9 4996.8 0.88 48,0 0.91

48,1 4996.8 0.92 0.88 43,0 45,7 1,07 0.96 13,64

42,0 4996,.8 0.84 46,0 10,91

188.7 4996,.8 3,77 137 1.38
f 122,7 4996.8 2,45 3.29 132 141.3 ©.93 1.16 19.3

182,7 4996.8 3, 65 155 1.18

187.5 '4996,8 z.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 4998,.8 4,02 175.5 1,156

44,0 4996,8 8.28 3965.6 1.05

99.9 4996.8 2.00 4.88 101.0 257.2 0.99 0.94 15,6
!, 218, 6 4996.8 4,37 275.0 0,79




b we, Body Islet Acinar Volume We., of Total
slet acinar wt. tissue tissue of one one No. |
jssue  tissue in kg. ger kg. per kg. i1slet islet of '
3 g in g. W, B.W. in c.u, in islets
1~ "
0,62 17.0 10,3 0.081 1.85 0.484 0.508 1,220,472
9
0,71 11.2 8.9 0.080 1.26 1,181 1.240 572, 581
0.217 8.23 9,4 0,023 0.88 0.242 C.2564 854, 331
0,418 14,1 10.8 C,039 1,30 0.226 0.237 1,763,713
0,120 13,5 16.8 0,011 1.28 0.648  ©.680 176,471
l .
0,635 18,7 12.%7 0,050 1.4% 0.80C 0.840 755,952
= \
0,78 20.8 9.9 .080 2.10 0. 681 0,715 1,090,909
761 14,8 12,2 0.062 1.22 0.611  0.642 1,185, 358
i,
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5

46

Sex, Age. Part Ko, Eo. we. Kt. Area Area
of fields islets sheet islets sheet islets
pan- in g. in g. in in
creas s8q.com. sg.com,

¥ 3 yrs. H 15 130 4,69 1.08 516. 64 119.0

15 54 4,67 1,32 516, 64 35.3

P 15 125 4,67 0.92 516, 64 101.8

¥ 5 yrs. 15 94 4,78 0.76 516, 64 82.1

B 15 73 4,80 0,44 516, 64 47.4

15 111 4,76 0.88 516, 64 93.3

M 5 yrs. 186 185 4,72 1.04 516, 64 113.8

| 15 159 4.74 0.98  516.64  106.8

15 104 4,72 0.75 516, 64 82.1

W M 5 yrs, H 15 132 4.68 0.87 516, 64 96.3
B 15 124 4,69 1.13 516, 64 12¢.5

b 15 144 4,71 1.36 516. 64 149.2

B 6 yrs.. 18 171 4,68 1.08 516, 64 119.9
B 15 79 4,64 0.77 516.64 85.7

P 15 93 4,63 1.22 516,64 136.1

. N Geyrs. H 15 220 4,68 1.17 516.64  129.2
B 15 137 4,68 0.57 516, 64 62.9

T 15 195 4,69 0.90 516, 64 99.1

. P 6 yrs, 10 292 4,71 1.25 516, 64 137.1
15 182 4,66 1.41 516, 64 156.3

15 172 4,87 1.66 516, 64 183.6

| N 7 yrs.. 156 72 4,79 0.46 516, 64 49,6
15 68 4.77 0.3 516,64 42,2

15 78 4,78 0.63 516, 64 68.1




)

e

42, == s ===
53,
Area Area % area o, Av. area wt,
| islets pancreas islet islets one islet pan-
16 fields 15 fields tissue in in 15 in sqg.cm. ereas
in ag.cm. in ag.cm, pancreas fields in g.
119.0 4996.8 2,38 130 0.92
35,3 49986.8 0.7 1.71 54 103.0 0.65 ©0.79 12.76
101.8 4996,.8 2,04 125 0.81
82,1 499€.8.  1.64 94 ©.87
47,4 4996,.8 C.85 1.49 73 92,7 C.85 0.75 28.6
98,3 4996.8  1.87 111 0.84
106.7 4996.8 2,13 173.4 . 0.66
106.8 4996.8 2.14 1.97 159.0 145.5 c.67 0,71 19.6
88&1 4996.8 1.64 104.0 0.?9
96,3 499¢.8 1.93 132 0.73
124,56 4996,.8 2.49 2.47 124 133.3  1.00 - 0.92 24,3
149,.2 499¢,.8 2,98 144 - 1,04
119,9 4996.8 2,40 171 © 0.7C
85.7 4996.8 1.91 2.61 79 114.3 1.08 - 1.08 23,0
136,1 4996.8 3,72 93 ' 1.46
129,2 4996,8 2.58 220 0.59
62,9 4996.8 1.26 1.94 137 150.7 0.46  0.52 20.6
99,1 4996.8 1.98 195 0.51
205,85 4996.8 4,11 438 C.47
156, 3 4996,.8 3,13 3.64 182 264,0 0.86 0.80 22,7
183,86 4996.8 3,67 172 1.07
49.6 4996¢,.8 0.99 72 o, 69
42,2 4996.8 0,84 1.06 8 72.7  0.62 0.73 42,1
68,1 4996,8 1,36 78 0.87




- 43, -
t. Wt. Body Islet  Acinar Yolume  Wt. of Total %
islet acinar wt. tissue tissue of one one No.
Assue tissue in kg. per kg. per kg. islet islet of
n g in g. oW, B.wW. in c,u. in islets

in g. in g.

= s
0,218 12,54 10,6 0,021 1.19 0,453 0.476 457,983

1

o
0.43 28,2 16 0.027 1.76 0.426 0,447 961,969

)

:

s 3 19,2 15.8 0.025 1.24 0.401 0.421 926, 366

4
0, 60 23,7 16 0.038 1.48 0,578 0,607 988,468
0. 60 22.4 14 0.043 1.60 0,722 0,758 791, 557

i

1
0-40 20,2 20,5 €.020 0.99 0.242 0.254 1,574,803
0,83 21.9 15.5 0,054 1,41 0.451 0.478 1,736,402
0,45 41,75  17.0 0.026 2,45 0,401 0.421 1,068,884
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55,
Sex. Age. Part No. No, we. wt. Area Area
of fields 4islets sheet 4islets sheet islets
pan- in g. in g. in - -~ in
creas 8q.cm. 8q.Cnm,
H 10 yrs. H 15 156 4,64 0.80 516,64 89.1
B 15 89 4,66 0,70 516,64 .6
P 15 118 4,64 0,68 516,64 75,7
F . 13 yrs. B 15 129 4,92 1,15 516,64 120.8
B 15 74 4,92 0.92 B516.64  96.6
T 18 81 4,95 1,43 516,64 149.3
M 13 yrs. H 15 3¢ 4,56 0.18 516,64 20,4
16 a7 4,87 0,43 516,64 48,6
15 a7 4,66 0,62 516,64  70.2
: -
M 13 yrs. | 15 138 4,68 0.83  516.64 91,6 |
| 18 123 4.74 0,87 b5l6,64 94,8
15 183 4,66 1.54  516.64 170.7
% F 14 yrs. H 186 81 4.61 0.74 516, 64 79.5
{ B 15 46 4,76  0.43 516.64 46,7
}= T 18 RS 4.79 0.30 516,64  32.4
4 MW 14 yrs. H 15 52 4.69 0.47 516,64 51,8 |
{
b
‘ 16 40 4,67 C.69 516,64 76,3
tss F 15 yrs. H 15 117 4.94 1,43 516,64 149,6 i
15 86 4,70 1.13 516,64 120.0 |
T T 15 100 4,95 1.75  5l16.64 182.6 |
%56 ¥ 15 yrs. H 15 66 4,76 0,82 516,64 89,0
|
\ 15 63 4,74  0.65 516,64 70,8

15 84 4,74 c.92 516,64 100.3




45,

56,

Area Area % area No, Av, area wt.
iglets pancreas islet islets one islet pan-
16 fields 15 fields tissue in in 15 in sq.cm.. creas
in sq.cm. 1in sqg.cm, pancreas fields in g.
B ==
- 89.1 4996,.8 1.78 156 0.57
77.6 4996,8 1.55 1.61 89 121,0 0.87 0.69 21.4
75,7 4996,8 1.51 118 0.64
120.8 4996,8 2,42 129 0.94
149,3 49986,8 2,99 81 1.84
20,4 4996,8 0,41 34 ¢. 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 4996.8 1.83 138 0.66
- 94.8 4996,.8 1.90 2,38 123 138.0  0.77 0.85 44,8
170.7 4996,.8 3,41 163 1.12
- 79.5 4296.8 1.59 81 c.98
46,7 4996,8 0,93  1.06 46 53.0 1.01 0,96 66,5
32,4 4996,8 0. 65 28 0.85
51.8 499€.8 1,04 52 1,00
b - - 1.29 e 46-0 L] 1.46 56.6
76,3 4996.8 1,53 40 T 1.91
149, 6 499€,.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 3,65 100 1.83
89,0 499¢,8 1.78 68 1,35
. 70.8 4996,.8 1.42 1.74 63 71,0 1,12 1.2 35,1
100, 3 4996,8 2,01 84 1.19

o



485

' 8.
Ve, Wt. Body Islet Acinar Volume wt., of Total
Islet acinar wt. tissue tissue of one one No.
tissue tissue in kg. per kg. ger kg. islet islet of
in g. in g. BV, W, in cop.  1n ¥ islets

; in g, in g,

\;;_?' —

L 0438 21.0 25.5 ©.014 0.81 0.328 0.344 1,017,442
0,70 27.9 26 0,028  1.12 0.976 1,025 679,612
0),55 58,2 33 C.01%7 1,76 n.681 0.715 783, 217

( ‘ ' '

1.06 43,5 52,5 0.020 0.83 C.613 0.644 1,645,963
0,59 54.9 4,0 0.017 1.62 0,610 0,643 917,574
0,73 55,9 46.5 0.016 1,20 1,128 1,184 618, 644
1l 2 39,3 37.0 0.033 1.06 1,181 1240 983,871

i
C,61 34.5 40,5 ©.015 ¢.85 0.886 0.930 . 655,914

=




| 47, o
No. Sex. Age. Part No, Ne. L we. Area Area
| of fields 1islets sheet 4islets sheet islets
pan- ing. in g, in in
creas sq.cm, sq.cm,
- e : =
(57 P 18 yrs. = 18 87 4.79 0.69  516.64 74,4
| 15 74 .72 0.6  516.64 83,2
| T 15 112 4,7 1,09 516,64 118.6
'cg  F 15 yrs. H 15 58 4,79  0.31  516.64 33.5
15 46 4,77 0,52 516,64 56.3
15 113 4,78 0.83 516,64 89,8
59 ~F 15 yrs. 15 68 4.74  0.90 516,64 98.1
f 15 49 4,71 0,65 516, 64 71.3
T ‘15 68 4.68 0,96 516,64 106.0
0 F 16 yrs. 15 64 4.72  0.37 516, 64 40.5
18 63 4.76 0.59  516.64 64.0
15 80 4,73  0.73  516.64 79.7
& M. 18yrs. R 15 4 4.63  0.47 516.64 52.4 |
' 15 35 4,68 0.45 516,64 49.7
15 59 4,61 0.82 516,64 91.9
2 P ' 18yrs. E 15 44 4,73 0.78  516.64 80.8
e 18 53 4,77 0.52 516,64 56.3
T 15 72 4,70 0,99  516.64 108.8 |
= : . i
8 F 18 yrs. H 16 52 4.77  0.42 516,64 45.5 |
15 54 4,75 0,41 516,64 44.6
15 . a7 4,54  ©.40 516,64 45,5
S8 2 9 yre. 15 33 4,98 0.32 516,64 33.2
2 15 51 4,98 c.59 516,64 61.2
T 15 80 4.97 0.94 516,64 97.7




filtie pameress  lafe I, Summ M
15 fields 15 fields tissue in in 15 in sq.cm. ggg‘;s
in sg.cm, in sg.cm. pancreas fields in g,
Al
74 .4 4996,.8 1.49 87 0.86
{ 83.2 4996,8 1.66 1,84 74 91.0 1.38 “:2.0% 46.2
| 118.6 4996,8 2,37 112 1.06
' 335 4996.8 0.67 58 0.58
56.3 4996.8 1,13 1,20 46 72,3 1,22 0.86 51.8
89.8 4996,8 1.80 113 0.79
98.1 4996,8 1.96 3 1.44
=913 4998.8 1.43 1,83 49 61.7 1.46 1.49 78.3
106,0 4996,8 2,12 68 1.56
40,5 4996.8 0.81 64 0.63
64,0 4996,8 1.28 1,23 63 69.0 1,02 0,88 50,2
79.7 4996.8 1.59 80 1,00
52,4 4996.8 1.05 47 1.11
49,7 4996,8 0.99 1,29 35 47,0 1,42 1,36 59,9
91,9 4996.8 1,84 59 1.56
80,8 4996.8 1,62 44 1.84
(56,3 4996.8 1,13 1,64 53 56,3 1,06 1.47 79.8
108,8 4996,.8 2.81 72 1,51
- 45,5 4996.8 0,91 52 .88
44,6 4996.8 0.89 0,90 54 47,7 0.83 0,98 49.0
45,5 4996.8 0,91 37 1.23
Firts
33,2 4996,.8 0.66 33 1.01
( 61,2 4996.8 1,22 1.28 51 54,7 1,20 1.14 44.7
97,7 4996.8 1,95 80 1.22
-§




.\

—

e

= - - - P - — i - O.I
Wt wt. Body Islet Acinar Veolume Wt.of Total
{gslet acinar wt. tissue tissue of one one No.
tissue ftissue in kg. per kg. per kg, islet islet of
in g in g. B.w. B.w, in c.u. iny islets
in g. in g.
0.86 45,3 48.0 0.017 0.94 0,681 0.715 1,188,951
; |
0,62 51.2 40,5 ©.015 1.26 0.613 C. 644 962,733 -
1,43 76.9 43,5 €,033 1.77 1181 1, 240 1,153,226
i
0.62 49,6 42,0 0,015 1.18 0.545 €.572 1,083,916
|
|
0,77 59.1 33.C 0.023 1.79 1,025 1,076 712,963
|
1.3 78,5 50.0 0.026 3. 59 1,181 1,240 1,056,532
1
0,44 48,6 50,0 0.009 0.97 0.648 ¢. 680 647,089
0,57 44,1 49,5 0,011 0.89 0.800 0.840 678,571




50. 61.
| g+ Bex.  Age. Part  No. No. We. W, Area Area
- of fields 1islets sheet 1islets sheet islets
pan- ing, in g, in in
L creas sq.cm. sg.cm.
7 - ' |
fss M 19 yrs. B 15 84 4,78  0.50 516,64 54.0
, 15 75 4,78  0.46 516,64 49,7
7 15 76 - 4,76 0.64  516.64 69,5
Lsg F 19 yrs. 15 78 4.69 0.8 516.64 01.4
15 54 4,79 0.82  516.64 8.4
T 15 90 4,81 0.80 516,64 85.9
67 F 20 yrs. §H 15 71 4,54  0.57 516,64 64.8
> 15 67 4,54  0.67 516.64 76.2
a 15 109 4,55 1.06 516,64  120.4
® P 21 yrs. E 15 81 4,68 1,10 516,64  121.4
15 78 472 1.16 516.64  127.2
, 15 111 471 1.74 516,64 190.9
o F 22 yrs. 15 61 4,72 1,06 516,64 114.0
15 61 4,7  0.98 516,64 106.6
T 16 95 4,76 1,23  516.64 133.3
0 F 23 yrs. 156 64 4,87 C.54 516,64 57.3
15 36 4,83 0.34 516,64 36,4
15 45 4,84 0,42 516,64 44.8
m1 M 24 grs. 15 80 4,64 1,03 516.64 112.5
18 55 4,67 0.61 516,64 67.5
15 41 4,61 1,49 516,64 167.0
{2 N 5 yre. 15 138 4.69 0.80 516.64 88.1
: 15 100 4,86 0,78 516,64 82.9
15 109 4,77 0.83  516.64 91,0




-

=0

\
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5% [

- 62.
;r;at Area % area No. Av. ares We .
islets pancreas islet islets one 1slet
15 fields 15 flelds tissue in in 15 in sq.cm, ﬁ;'?g;a
insq.cmy 1in sq.em, pancreas fields in g,
54,0 4996.8 1.08 84 0,64
49,7 4996.8 0.99 1,15 7 78.3 0.66 0,74 90,4
69.5 4996.8 1,3 76 0.91
91,4 4996.8 1.83 78 1.39
88,4 4996,.8 1.77 1,77 84 74.0 1,64 1,25 52,0
85.9 4996,8 1,72 90 0.95
64.8 4998,8 1,30 71 ¢.91
76.2 4996.8 1.52 1,74 67 82,3 1.14 1.05 77,5
120, 4 4996.8 2.41 109 1.10
121.4 4996,.8 2,43 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¢,.5 2.13 2,34 61,0 72.3 1.7 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 .73 €.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 1,3 2,31 65 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

e
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b - = ———— = ——— = 52:‘ . = S o= = T 65__‘?1
e wt. Body Islet Acinar Volume Wt.of Potal ~ ° |
slet acinar wt, tissue tissne of one one No, {|
issue  tissue  in kg, per kg. per kg,  1slet islet of l
n g. in g. B.W, B.W. in c,u. 1in islets 1
O i I
1,04 89,4 64.5 ¢.o16 1.39 0.428 0.447 232, 662
1|
il
’..';!:,f
Ili.i.
0.92 51.1 48.0 0.019 1.08 0.931 0.978 940,695 ||
il
b |.
fi ol
1,35 76.1 87.5 0,023 1,32 0,681 0.716 1,888,112 | |
/ [!
: il |
1,81 §9.8 50.0 0.036 1.20 1,349 1.416 1,274,648 | \
(it th
il
il
il
.II- |
; H ..|!
2,06 85.9 50,5 0.041 1.70 1,406 1,476 1,391,892 | |
Il
il
0,49 52.4 43,0 0.011 1,22 0.648 0. 680 720,588 | |
i
= i
SR IH14
g Ti |:!
L.lo 61.9 3.0 0.029 1,63 0.455 0.478 2,301,256 |
— ".“- i
| !‘
,&




55 64, |
' No Sex. Age. Part No. No. wt, we, Area Area 1
| of fields 1islets., sheet islets sheet islets "
pan- in g.  in g. in in
l creas 8q.cm,. sq.cm,
5 F 28 yrs. 15 a5 4,92  0.80 516. 64 84.0 |
[ 15 47 4,69 0.57 5186, 64 62.8 ‘
T 15 B4 4,93  0.89 516.64 93.3 1
‘ny F 25yrs. H 15 58 4.68 0.56 516, 64 61.8 f
15 46 4,68 0,61 516,64 67.3 |
7 15 78 4,72 1.14 516.64 124.8
%5 F 25 yrs. 16 17, 451 o7 516, 64 18,4
) 18 35 4,89 0,41 516, 64 43,3
15 a7 4,73 0,32 516, 64 32.8
; il
) - i |
76 M 28 yrs. H 18 73 4,70 0,57 516, 64 62,6 |
15 56 4,63 0.27 516. 64 30.1
| T 16 4,64 0,42 516, 64 46.8
(7 K 28 yrs. H 15 4,65 0.30 516, 64 33.3
15 54 4,64 1,04 516, 64 115.8
P 15 62 4,71 0.87 516. 64 95.4
8 F 28 yrs. 15 21 4.89 0.42 516, 64 44.4 |
15 39 4,62 0.65 516, 64 72.7
15 69 4,92 1.59 516, 64 167.0 i
N N 335yrs. H 15 55 4,61 0.68 516, 64 76.3 I
f B 15 65 4,65 1.10 516. 64 122.2
T 15 €5 4,64 1,31 516, 64 145.9 |
80 F 35 yrs. 15 85 4,76 0.29 516. 64 31.8
T 15 76 4.7 0.50 516, ¢4 §4.4
15 64 4,72 0,48 516, G4 52.5
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65,

u-eat Area % area No. Av. area Wt |
lslets pancreas islet islets ocne 1islet 1.:-

156 fields 15 fields tissue in in 15 in sq.cm. 2:”5
in sg.cm, in sg.cm, pancreas fields in g.
84,0 4996,8 1.68 45 1.87

62.8 4996,8 1,26 1,60 47 38,7 1,34 1.65 45,0
93.3 4996,.8 1.87 54 1,73

61.8 4996.8 1.24 58 1.07

67,3 4996.8 1.35  1.70 46 B9.7 1,46 1.40 49,5
124.8 4996.8 2,50 75 1,67

18,4 4996,8 C,37 1% 1.08

43,3 4996,8 0.87 0.63 3 207 1.2¢4 1.07 88.0
32,8 4996.8 G. 66 37  0.89

62.6 4996.8 1.25 73 0.86 *'
30,1 4996,.8 G.60 0,93 56 53,0 0.5¢4 0.99 61,2
46,8 4996,8 C.94 30 1,56 '
33,3 4996,8 0,87 29 1,15

115,8 4996.8 2,32 1,83 ‘B4 4,8 2.14 1.6l 79.1
95,4 4996,8 1.91 62 1,54

44,4 4996,8 0.84 21 2,11

2.7 4996,8 1.45 1.88 2 43,0 1.86 2,13 67.0
l67.0 4996,8 3,34 69 2,42

76,3 4996,.8 1,53 65 1,3

22,2 4996,8 2,44 2,30 65 61,6 1.88 1,84 79 .5
145,9 4996,8 2,92 65 2,26

3,5 4996,8 0. 63 65 0.49 '
54,4 4996,8 1.08 0.92 76 68,3 0,72 0.68 67.€
52,6 4996,8 1.05 64 0.82

—
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55. 66|
Bte wt, Body Islet Acinar Volume We,of Tctal
jslet acinar wt. tissue tissue of one one No.
tissue tissue in kg. ger kg. perkg. islet islet of
in g. in g. Y, in g. in c,u, in islets
in g.

0.72 44,3 37,0 0,019 1.20 1.408 1.4%6 486,486
0.84 48,7 44 .0 €.019 1.1 1,074 1.128 743, 363
0,55 87.4 46,0 C.012 1.90 c.722 0.758 725,594

[
0,57 60,6 56.0 0,010 1.08 0.681 0,715 797,203
1.29 7.8 55.0 0,023 1.42 1.28%7 1,351 955, 555
1,286 65,7 53,0 G.024 1,24 2.021 2.122 594, 340C
1.829 79.% 52.0 0.038 1.49 1,661 1,744 1,071,149

1
[ ', ir
0,62 67.0 60,0 ©.010 1.12 0.33 0.392 1,581,633 |




-

56,
67.
| No.: BSex., Age. Part No, No. Wt Wt Ares Area
of fields 1islets sheets 1islets sheet 1islets
pan- in g. in g. in . in
b CI‘eaB E Sqtcm' aqlcml
gy F ®yrs. H 15 47 4,95 0.60 515.64  62.6
( B 13 29 4,95 0,26 516,64 26,1
T 15 70 4,94 0,65 516,64 68.0
‘s F 39 yrs. H 15 45 4.63 ©0.66 BlB.64 13.8
15 37 4,65 0.60 516.64  66.7
T 18 41 4,62 ©.86 516.64  96.2
83 M 40 yrs,. 15 59 4.76 0.65 516,64  74.9
t 15 61 4,98 0.75  S516.64 81.4
15 60 4,76 0.48  S516.64 52,1
} _
¢ F 40 yrs. 18 43 4,88 0,56 516,64 58,2
‘ 15 56 4,65 ©0.64 516,64 71,1
T 15 71 4,90 1,40 516,64 147.8
%5 F 40 yrs., H 15 88 4,98 1,22 . 516,64 126.6
B 18 81 4,99 1,25 516,64 129.4
T 15 a7 5,04 1,85 516,64 158.9
% F 41 yrs. 16 17 4,81 0.14 516,64  15.0
e
| 15 13 4,85 0.16 516, 64 17.0
P 15 24 4,9 0,46 516,64 49,6
w P 41 yra, 18 62 4,75 0,68 516,64 74,0
15 51 4,76 1,06 516,64 115,1
15 108 4,79 1.42 516,64 153,2
8 P 42 yrs. 15 24 4,78 0.29 516, 64 31.3
# 18 18 4,95 0.34 516,64  35.5
| 15 29 4,95 0,28 516,84  29.2
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57, 6s.
Area Ares % area No. Av, area wt.
islets pancreas islet islets one 1islet pen-
15 flelds 15 flelds tissue in in 15 in sq.cm. creas
in sq.em. 1in sq.em. pancreas flelds in g.
62.6 4996.8 .1:38 47 1,33
26.1 4996,8 0.52 1.08 20 48,7 .90 1.07 76.1
€8.0 4396.8 1.38 70 €.97
73.6  4996.8 1.47 45 1,64
66.7 4996.8 1.33  1.87 37  31.0 1.80 1.93 88.0
96.2 4996,8 1,92 41 2,35
74.9 4996,.8 1,50 59 1,24
81,4 4996,8 1.63 1,3 61 60.0 1.34 1.8 79.8
52,1 4996.8 1.04 60 0.87
58.2 4996.8 1.16 43 1,36
71,1 4996,8 1.42 1.84 56 56.7 1,27 1.90 66.0
147,86 4996,8 2,95 71 2,68
126.6 4996.8 2,53 88 1.43
129.4 4995.8 2,69 2.77 81 85,3 1.60 1.62 41.8
158,9 4996,8 3.18 8% 1.83
15,0 4996,8 c.30 17 0.82
17.0 4996,8 0.3 0.54 13 21.3 1,31  1.20 58,6
49,6 4996.8 0.99 34 1,46
- |
74,0 4996.8 1.48 62 1.03 |
115.1 4996,.8 2,30 2,28 51 73,7 2,26 1.57 50,3
153.2 49986,8 3.08 108 1,42
8,3 4996.8 0.63 24 1.3
3.5 4996.8 0.71 0.64 18 23,7 1.97 1,43 58,6
9,2 4996.8 0.58 29 1.01
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it. v, Body Islet “Acinar Volume wt.of Total
jalet acinar wt. tissue tissue of one one No.

‘tissue tissue in kg. per kg, per kg, islet islet of

in 2 in g, B, W, B.W. in c.u. invy islets

'in g, in g,

0.82 75.3 48,5 0,017 1.55 c.722 c.758 1,081,794
1,38 86,6 7.0 c.037 2,34 1.730 1,817 758,242
1.11 8.9 46,0 0.024 1.71 0.8C0 0.840 1,321,429
1,21 64,8  51.0 0.02¢  1.27 1.730 1,817 664,835
1,18 40,6 40,5 ©,029 1.00 1o 349 1e4186 816,901 .
0,32 58.3 43.0 0.007 1.35 ¢.886 0.930 344,088
1,18 49,1 53,0 C.022 .93 1.287 1,351 851,862
0,38 58, 2 36,0 0,010 1,62 1,128 1.184 322,034
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70.
we Sex Age Part No. No. Wt. Wt. Area Ares
of fields 1islets sheets 1islets sheet islets
pan- in g. in g. in in
€reas sg.cm. sg.Cm,
g9 M 44 yrs. H 15 3 4.96 0.31 516. 64 32.3
15 23 4,72 0.46 516.64 50,4
T 15 11 4,94 0.12 516, 64 12.5
g P 47 yra, 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, ¢4 106.9
91 M 49 yrs. H 15 62 4.83 0.98 516, 64 104.8
15 51 4,83 0.87 516, 64 93.1
7 15 47 4,88 0.67 516, 64 70.9
92 X 50 yrs. H 15 50 4.56 0.56 516, 64 63,4
18 38 4,55 0.43 516, 64 48,8
T 15 80 4,52 0.71 516,64 81,2
93 F . 50 yrs. 18 80 4,97 0.77 516,54 79.7
15 68 4,98 0.73 516,84 76.2
15 76 4,70 1.13 516,64 124.2
% F 50 yrs, 15 46 4,69 0.40 516, 64 44,1
15 36 4,68 0,50 516, 64 55.2
15 48 4,73 0.74 516, 64 80.8
95 F 52 yrs. H 15 106 4,95 1.34 516, 64 139.9
15 69 4,96 1,02 516, 64 106,.2
T 15 95 5.01 1.55 516, 64 159.8
% M. 56 yrs. H 156 68 4.95 0.60 616, 64 62.6
15 78 4,98 0.56 516, 64 58.1
15 102 4.95 1.3 516, 64 145.1




| 60. o 1 G
', “;at Area % area No. Av. area wt.
1slets pancreas 1slet islets one islet an~- |
15 flelds 15 flelds tissue in in 15 in sq.cm, greaa |
in sg.cm. in sg.cm, pancreas fields in g.
32.3 499¢.8 G,65 31 1.04
50.4 4996,.8 1.01 C.64 38 26,7 1.33 1:1%7 70.0
12,5 499€.8 C.256 11 1.14
1 :
137.2 4996.8 2.74 8l 2.25
66.5 4996.8 1,33 2.07 o4 51.7 1.96 2.00 61,9
106.9 4996.8 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 4% 1,51
63,4 4996.8 1.27 50 1.27 % |
: | . |
48,8 4996,.8 0.98 1.29 38 49,3 1.28. 1.2 T4:.5 '
81,2  4996,8 1,62 60 1,35
. . . b
79,7 4996.8 1,59 80 1,00
76.2 4996.8 1.52 1.86 é8 74 .7 1.12 1.26 4.7
124,.2 4996.8 2,48 76 1,63
. 44,1 4996.8 0.88 46 0.96
b 55.2 4996,.8 1,10 1.20 36 43,3 ;.1.53 1,38 67.2
80,8 4996,.8 1.62 48 1,68
Lf 135.9 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
62,6 4996,.8 1.25 &8 0.92
145,1 4996.8 2,90 102 1,42

—. S

|
f 88,1 4996,.8 1.16 1.7 8 82,7 .74 1,03 61,3
i
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We, wt. Body Islet Acinar Volume wt.of Tetal s
islet acinar wt. tlssue tissue of cne one He.

| tissue tissue in kg. per kg. per kg. islet islet of

y in g. in g. W, B.W, in c.p. inwy islets

in g. in g.

| 0,45 9.8 48.0 0.009  1.45 .84l 0.883 509, 627
1.28 60.6 48.0 0.027 1.26 1.874 1,918 666, 666
1,01 §5.5 49.0 0.021 1.13 1.406 1.476 684, 282
0.96 73.5 54,0 0.018 1.36 0.931 0.978 981,895
1,38 73.3 61.0 0.027 1.44 0.931 0.978 1,411,043

]
0.81 66.4 §3.0 0.015 1.25 1.028 1,076 760, 600
i.28 45.¢ 46.0 c.027  0.98 1.181 1.240 1,008,065

Jr 1,00 60.2 57.0 c.019  1.06 0. 681 0.715 1,524,477

PE——————————
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62.

. Ng, BSex Age Part Neo. Wo. Wt. we. Area Area
of fields islets sheets 1islets sheet islets
pan- in g. in g. in in
creas 8¢.CM. sq.Cm,
97 M 57 yrs. 15 51 4,99 0.51 516, 64 52.8
15 48 4,99  0.37 516. 64 38.3
15 87 5,00 0.87 516, 64 89.9
98 M 57 yrs., H 15 90 4,72  1.00 516.64  109.5
15 87 4.78 0.75 516.64 81.4
T 15 89 4,78 0.93 516.64  10C.5
99 F 61 ws., H 15 72 4,79 0.68 516,64 73.3
156 54 4,78 0.58 516, 64 63.0
15 59 4,73 0.40 516.64 43,2
100 M 64 yrs. 15 42 4.76 0.47 516,64 61.0
15 73 4,76 0.71 516,64 7.1
15 110 4,75 1,34 516,64 145.7
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Area Area % srea No. Av,area wt.
{slets pancreas islet islets one iaslet pan-
15 fields 15 fields tissue in in 15 in sq.cm. creas |
in sg.cm. 1in sq.cm, pancreas fields =g, |
52.8 4996,.8 1.08 51 1.03
3B.3 4996,8 .77 1.21 48 52,0 0.80 1.14 94,2
£9.9 4996,8 1,80 57 1,58
109,5 4996.8 2.19 90 1.22
g8l.4 4996.8 1.63 1,94 7 8.7 1.43 1.26 95.2
100,95 4996,8 2,01 89 1.13
|
43,2 4996,8 0.86 53 0.73
81,0 4996.8 1.02 42 1.21 ‘
|
7.1 4995,8 1.54 1.82 73 75,0 1.06 1,20 63,6
4998,8 2.91 110 1,33

- 145.7
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. - - . e et e X — Wl-l
it “We, Body Islet Aciner Volume Wt.of Total Tas ;],
1slet acinar wt. tissune tissne of one one He. |
tigsue  tilssue in kg. per kg. per kg. islet islet of

in g. in g. 9, B.W, in ep, Iny islets

X 111 E. 1n g.

1.14 93.1 52.5 0,022 1.77 0.800 0.840C 1,357,142
1.86 93.3  64.5  0.029  1.45 0.931  0.978 1,891,616
0.86 7C.9 63.5 0.016 1.33 €.930 .978 879, 346
1.16 62.4 49.5 0,023 1.26 ©.886 0,930 1,247,312




SECTION IX

The_ _Panecreatic Islets in_ Obese Subjects.

Published in Journal of Pathclogy and Bactericlogy.
1933, 37. 473,




:
SECTION II

. The Pancreatic Islets In Obese Subjects.

This paper describes an investigation into the
condition of the pancreatic islets in obese as
cempared with control subjects. The cbese cases ]
were cordinary coverwelght individuals with an cobviocus
excess of fat in the subcutaneous, mesenteriec and
comental regions, while the control subjects were
naturally lean people with limited amounts of fat
in these areas. Both obese and control cases had
an incivicdually sugar - free urine during their
resldence in hospital and died from an assortment of
causes including lcbar pneumcnia, cerebral abscess
and chronic valvular diseasse, These lethél factors
being equally varied in the two groups and of no
slgnificance in relation to the present cbservations
are accordingly not considerec worthy of further
comment . Finally, the investigation, 1t should be

mentlioned, was limited to the pancreatic islets and

not extendec tec any of the cother endocrine glands.

Materials and Methods

The pancreases investigated were cbtained from
19 cbese and 19 lean subjJects. The obese cases |
consisted of 17 females and 2 males ranging from
27 to 67 years, while the lean subjects comprised

11 females and 8 males varying between 19 and 67

years, Three blocks of tlssue representative of the |
head, body and tall were taken from each pancreas.
These were fixed in Helly's bichromate- sublimate- |

formalin/
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fermelin sclutlion and cut in paraffin, The sections |

were then stalned by the azan method,

The percentage area of islet tissue in each
rancreas was estimated as follows. The stalned
secticn from the head of the organ was fixed into a
microscope with the tube placed horizontally instead
of vertically. A strong carbon- arc 1light at the
objective end (Watacn pa!‘a%) and a prism fitted
tc the eye piece (Watson 4) were then used to cast
an image cf the section with a magnificaticn of
12C¢ on a sheet of quartc nctepaper. Fifteen
different unselected flelds of the section were,
with the help cf the movable stege, psssed cver the

sheet and thereon were traced in pencil all the

visible pancreatic islets, An estimate of the total

area cf the islets was made by first welpghing the
sheet in grame and measuring it in square
centimetres ¢ then all the iglets were cut cut of
the sheet with scissors and weighed separately.
The ratio

Weight cof islet paper
Welght of sheet

Aresa cof i1slet paper
Area of sheet

engbled a calculation cf the total area of the
islets, belng the only unknown. This gave the area
of islet tissue in 15 fields of the sectlion. Direct
measurement c¢f the radius led to an estimate of the
area of one fleld and so of 15 fields. The data
now permitted an easy calculation of the percentage
area of islet tissue, The same measurement was
similarly carried cut in the body and tall of the
organ/




organ and so facllitated the determination of an

average for the whole pancreas, Cther factcrs

' obtained were the nmumber of islets in 15 fields

and the average ares cf the islets, cf which the
latter was determined by dividing the total area Dby
the total number of the islets in 15 fields of the

| head, hody and tail. The calculaticn of a case

is 1llustrsted in Table I,

All the pancreases in the contreol group and
most cf theose In the obeze series showed varying
amcunts of adiposity. This was sometimes extreme,
particularly in the cbese group, and caused
corresponding separaticn of the parenchymatous
lobules, Now, the included fat was not considered
in the above methed, It was regarded as parenchyma
and sc favcured abnormally low estimates of the
percentage ares cof iclet tissue and the number of
islets in 15 fields. Some adjustment was therefore
attempted by determining the percentage area of
pure edipcse tissue in the head, body and teil of
each pancreas in exactly the same way as the
percentage area of islet tissue except that the

caleulaticn was based on 5 instead of 15 fields.

The emounts of fat in the hesd, body and tall of the

pancreas used as an 11lustration in Table I were
thus found te be 32.5, 14 and 12 per cent
respectively with the result that 67.5, 86 and 88
per cent respectively were the proportions of

pure perenchyma in the corresponding regions of the

seme corgan. The original figures glving the
percentage/
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5.

percentage area of 1slet tissus per whole pancreas

. (parenchyme + fat) and the number of islets in 15

fields cof whole pancreas were then corrected to
obtain estimates of the percentage area of 1slet
tissue per pure parenchyma and the number cf islets
in 15 fields of pure parenchyma. The corrected
figures for the case detalled in Table I are shown
in Teble II, The averare ares of the islets, being
unaffected by the amcunt of fat in the pancreas,
naturally remains unchanged. Incidentally, the
true average are ¢f the 1slets could, if required,
be obtained by dividing the given figures by the
square of the megnificaticn ( 120%),

The above technigue also falls to consider
the weight of the pancreas, The organ unfortunately
was not usually welghed, but was so in € contrel
and 4 obese cases. These pancreases, after being
corrected for their content of adipose tissue on
the supprosition that fat and parenchyma.have the
same specific gravity, weilghed as follows : (1)
control cases « 9.7 g,, 73.8 g., 67.5 g., €9.1 g.,
51.4 g. and 69.1 g. ; and (2) obese cases =
83.5 g., 69.1 g., 71.1 g. and 63.1 g. These
figures with the excepticn of the first, unusually
small, control crpeen show a clese similarity in the

welght of the pancreas in the two groups.
Results

Trhe findings in 19 control (lean) subjects are

given/

8l.
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7.

given in Table II1I. While naturally showing some
variation, the average area of the islets is
remarkably ccnstant, being usually near the grand
average of 1,57 sq.cm. The average mumber of

islets in 15 flelds of parenchyma, on the cther

| hand, varies ccnsiderably and is therein naturally

accompanied by an equivaelent variation in the
average percentage area of i1slet tissue per
parenchyma. A percentage area of 1slet tissue
above 2,58 obtains 1n cases 3, 5 and 12, but each
of these 1s characterised by an excepticnally large

number cf islets, An amount of 2,58 may thus be

| regerded, given an average guota of islets, as the

| highest normal percentage area of lslet tissue per

parenchyma,
The findings in 19 obese subjects are

summarised in Table £V, The grand average area of

the islets in the cbese series is 2,59 sq.cm. or

| 66 per cent greater than the grand average area of

the i1slets in the control group. Thirteen or

68.4 per cent of the cobese subjecte, morecover, have

the upper limit of the control series. The insular
enlargment 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 of 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

series/

fisleta with an average area of more than 2,22 aq.cm.,}

83.
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Table III,

gontrol Subjects.

i Sex AV. 9% area AV. % area AV. number Av, area of
#|controls| and of adipose of islet of islets one islet
; age. tissue in tissue per in 15 fields in sg. cm.
panereas parenchyna. of purenchyma
1 [P 19 5.9 2.22 U RE] 1.55
2 |p a2 3.2 2.54 |° 80.7 1.55
5 M 22 5.0 .84 |9 91.1 1.84
4 |u 32 6.5 2,58 b 73,5 1,79
5 |r 38 20.4 2.83 !/ 90.4 1.62
L 6 |F 40 10.8 0. 80 26.0 1.59
1 7 |uass 23, 6 1.97 0 55. 5 .70 |
Il & |ras 19.5 1.66- 5 55.9 1.49
*b‘ 9 |¥ 53 3.3 1.38 /- 40.7 1,66 |2
{ 10 |u 54 9.5 2.20 [% 52.2 2. 22
:% 11 |F 57 12.0 1.91 ¢ 75. 3 1.27
1 12 |ps? 11.8 5.84 | D 101.0 1.69
(h 13 |u 58 3.9 1.97 |/ 63. 5 1.76
1 14 |F 5o 7.7 1.68 © 79.7 1.04
Ml 1 |#eo 10.1 1.68 ¥ 53.6 1.54
1] 18 |rez 5.4 1.80 7 58.0 1.54
3 F 65 9.8 2.07 |1 53.0 2 .00
Il 18 fues 2.5 l1.28 * 59, 5 1.03
bl 19 |uer 504 1.3 Z 55.4 0.99
f Aver.= 9.3 AVer.= 2,08 AVer.= 65.0 Aver.= 1,57
iﬁ, Lover Limit _2.85 0.80 25 0.99
!EI Upper Limit 23.6 3,84 101 8.22
b

84.



Table 1V,

Obese Subjects.

85.

Tt obese | Sex Av. % area AV. 9 area AV. number Av. area of
i and of adipose of islet of islets one islet in
: age. tissue in tissue per in 15 fielas 8Q. Cm.
| panecreas parenchyma of parenchyma
o1 P 27 12. 4 1.80 U 30.0 2.99 /5
2 |p 35 13.9 0.74 | 20.9 1.853
3 P 37 0 2.93 |0 62.5 2, 27
s |ra 9.5 3.07 | 70.9 2,18 -
5 |F42 13.2 2.16 | 56.9 1.90 4
e |rao 48.5 3.64 |2 64. 3 2.86 /.
B {750 24.1 187 L 35, 3 2.36
1& 8 |2 16.5 5,26 || 68.8 s.21 /8
1o |rss3 35.7 1,92 © 57,4 1.61 2
| 10 |F53 2.6 1.80 O . 61.5 1.46 |
11 |us4 19.1 1.60 7 35. 3 2.52 7
12 | P 57 32.3 2.84 59.4 2.04
13 |7 58 3.3 3.69 |l 74,1 2.72 [0
14 | P60 15.8 2.24 % 45.7 2.41
15 | u 63 15.4 s.82 |5 70.0 3,19 '/
16 |r 63 22. 9 4.0 |5 80. 9 2,53 |2
17 |pes 11.6 3.21 |) 50. 3 3.19 |-
18 | re64 13.2 5.57 |€ 49, 4 5.78
19 |® 67 14.4 5.1 |9 93.6 2.48 ||
ik aver. = 17.1 Aver. = 3, 1§ Aver.= §7.2 Aver.= 2.59
M S 0. 74 20,9 1.46
Ul {Upper Limit 48.5 5.71 93, 6 5.78
: |58 °
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| an average number of islets has effected an cbvious

| parenchyma, Thus, 9 of the 13 cobese subjects

. showing insular hypertrcphy have a percentage area

 These subjects, however, have 2 relatively low quota

and 25 islets per 15 fields suggest a reascnable

£ % N

between 2 sq.em. and 3,5 sg.cm. respectively

series then lies between 1 sq. cm. nmnd 2 sg.cm, and

(Figs. 1-8). Case 18 of the cbese group has 1slets |

- with the extraordinarily high average area of

5.78 sq.cm. The number of islets per 15 filelds |
cf parenchymsa, on the cther hasnd, shows more or less |
the same vange and average in the cbese as in the

control serles. ‘

Enlargement of the islets in cobese cases wilth

increase in the percentage areas of islet tissue per

of 1slet tissue above 2.58, the upper limit of the

control group in ssscoclation with an average number
of islets. The remaining 4 subjects (1, 7, 11 and
14), while possessing enlarged islets, have a ‘

percentage area of islet tissue less than 2.58,

of 1slets and ought to be separately contrasted with

corresponding controls, Respective quotas of 30

comparison in obese case 1 and control case 6 and
these subjects are then found to have a very different
percentage area of islet tissue in 1.C8 and €.8
regpectively. In other words, even the above
mentioned, four cbese subjects may alsc justifiasbly

be regarded as having an abnormally large percentage

area of islet tissue per parenchyma, Finally, a |

very/
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very high percentage area of islet tissue may be
procduced, it will be ncted, by the assoclation of
either moderate hypertrophy and a very large number
cf the islets or marked hypertrophy andé an average
number of the islets as in cobase cases 19 and 18
respectively,

The pancreatic islets in the cbese subjects,
apart from central fibrosis in one much enlarged
speclmen in obese case 18, were histologically

ncrmal.

Discussion

The pancreatic islets in 68 per cent of the
present obese subjects showed varying and
occasionally striking hypertrophy. The enlargement
cof the islets, as with hypertrophy of any other
tissue such as the mycecsrdium in asseciation with
valvular or hypertensive disease, naturally infers
s phase of overactivity. This deduction is
further supported by the obese state, according to
the literature, being sometimes characterised by an
abnormally low blocd sugar with or withcut cbvicus
hypoglycaemic manifestations, Thus, Harris (1924)
records the case of an obese female who, on reducing
herself by dieting from 210 1bs. to 160 1bs.,
experienced " spells of weskness and nervocusness "
between 1 a.,m, and 2 a.n, She had discovered that
eating would relieve her condition and so kept an
orange or glass of milk within reach, Her fasting

blood sugsr was 47 mg, per cent, She was treated

by/

88.
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|

iby frequent feeding with a low csrbohydrate diet

| and was thereby rapidly restored tc normsl. Harris
(1932) describes how another cbese incdividual had

a bleood sugar of 45 mg. per cent and marked lipaemia, |

but dild not experience any symptoms of hypoglycaemia,

|
|

|

#Winans (193C) cites two further cases of obese
females with a low blood sugar., The first had

' been dieting to reduce and complalned of weskness,
}trembling and inability to keep from crying. The I
;aecond was llable to spells of weskness, dizziness, ‘
' " pain in the pit of the stomach," and extreme hunger
' before lunch and in the middle of the afternocon. |
Her blood sugar in the late afternoon was 67 mg. per i
|cent. Both subjects had lived on a high carbohydrate
cdlet, Phillips (1931) alsc reports the case of a

well nourished negro who was admitted to hospital in

e semiconsciocus condltion, Investigation revealed a !
blocd urea of 133 mg. per cent and blocd sugar of ‘
‘45 mg. per cent, while sutopsy disclcosed a subacute |
' glomerulonephritis and a distinet enlargement of the |
;pancreatic islets. Accordingly, both general
gprlnciplas and thedinical data justify the conclusion
that the pancreatic 1slets in the 68 per cent of the
present obese subjects showing enlargement thereof
were cor had been overactive,

The increase of the pancrestic islets in size
and function naturslly invites explanation.
Clinieal investigation gave nc information about the
diets of the present obese subjects, but such over-

welght indivicduals are neverthelees known to have
certain/
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certain dletetic 1ldiosyncracles. Thus, according

' to Lyon (1931) and Dunlop and Lyon (1931), gross

. overeating is sometimes the distinctive abnormality,
but a much commoner finding is a wrongly balanced
diet with a preponderance of starchy food.

. Carbohydrate acts as a stimulus to the secretion of
insulin and, in excess, would ultimately lead to
hypertrophy of the pancreatic islets. Now, an
enlarged condltion of the islets is alsc found in
the offspring of diasbetic mothers, Dubreuil and
Anderodias (1920) and Gray and Feemster (1926), for
example, describe how the islets in two such infants,
bern prematurely at the beginning of the ninth and
eighth months respectively, were in the first case
markecly hypertrophied but normal numerically, and
were in the second instance increased three and
eight times in number and average size respectively.
The infants incidentally welghed 5,000 g. and

3, 3CC g. respectively : in other words, both were
much heavier than the normal. Their increased
welght 1s attributed.by Dubreuil and Anderodias
and the enlarged condition of their islets by both
them and Gray and Feemster to the maternsl hyper-
glycaemia and the consequently large supply of sugar
at the disposal of the infants. These observaticns
- accordingly support the above suggestlon that the
.fhypartrOphy of the pancreatic 1slets ncted lan 68 per
' cent of the present cobese subjects may have been

due tc a prolonged, excessive consumption of

carbohydrate,
The/
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i The insular enlergement, on the other hand,

| may be regarded as a primary phencmenon of unknown
eticlogy. The resultant increased supply of
insulin, perhaps through the hypoglycaemic state
such a8 has been shown to exist in some obese
subjects, might then explain the excessiveness of

the appetite for carbohydrate and thereby of the

deposition of fat, both of which are so prominently ‘
associated with the insular enlargement, The
present type of cbesity would thus be justifiably
aligned with giantiam, Cushing's ayndrcme, csteitis |
fibrosa and other conditions due to a primary,
inexplicable increase of the endocrine elements,
:while the dietetic idiosyneracies of the cbese state
would also be placed on a rationai, physiclogical
basis.

No final decision is possible between the
acquisition of the carbohydrate habit of diet and

' the enlarged condition of the pancreatic islets as

regards thelir respective claim to be the primary
phencmenon,  Albelt, the development of one would
probably, on the loglec of the above arguments, soon
lead to the appearance cf the other and so to a cycleI
in which excessive carbohydrate would require mcre
insulin and insular hypertrophy would demand more

carbchydrate. The effect of either genesis, follawiné

the conversioﬁ of carbdhjdrate to fat, would be a

progressive development of the obese state,
Such reasoning infers snatslned'hyperfunction
of the islets, but prolonged overactivity is apt,

irrespective/
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irrespective cf the tissue, tc be follcwed by
deteriocration and exhaustion. The function of the
pancreatic islets in the present obese subjects
may thua.lin the periocd before death, have still
been increased or, on the other hand, normal or
decreased, Bxhausticon of the islets further means
en upset 1in the mechanism whereby carbchydrate 1is
converted into and stored as fat with the

consequent excretlon of some of the ingested

carbohydrate as sugar in the urine. In other words,

the purely obese ultimately becomes,; as is well
known, a mixed obese diahetic condition. The
diabetic phase was envisaged as possibly being,

in its spprosch or inception, dlagnosable through
the recognition of early changes in the pancreatic
islets, The only significant finding, however,
wag well marked central Tibrosis in a very large
islet in chbese case 18, Ctherwise, the 1islets in
this case and also in all the other chese subjects
were without any distinctive pathology. Such a
negative cobservation was, of cour-e, in keeping
with the sugar - free charsgcter cof the urine of ell
the cobese subjects, at least during their residence

in hospital.

Summar

(1) A method is deacribed whereby in a
section of pancreas estimates can be made of (1)

the percentage area of islet tissue ; (11) the

number of islets in a specified area ; and (1ii) the

average/
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| average area of the islets,

(2) The method was used tc compare the

| pancreatic islets in 19 obese and 19 lean subjects,
and thirteen or 68 per cent of the cbese group
were thereby found to have (i) an unusually high
percentage area cf 1slet tissue ; (11i) an average
number of islets ; and (i1i) abnormally large
islets,

(3) The pancreatic islets in the obese
subjects, apart from central fibrosis in one
enlarged specimen, were histologically normal.

(4) The enlargement of the pancreatic islets
found in a proporticn of the obese subjects is

dilacussed in relation to the cobese state,

93,
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| hypoglycaemia, Such cases have been recorded by

- S8ection 1I1I.

Sugar Tolerance in Obese Subjects.

A Review of Sixty Flve Cases.

The sugar tolerance of the cbese subject
according to Lebbé and Boulin (1925), Alliscn (1927),
and Jchn (1927, 1934) may be normal or reduced,
The reduction c¢f tolerance varies in degree and
ultimately expresses itself clinically as digbetes.
These cbservations agree with the rscognised
associaticn between obesity and dliabetes, Thua,l
Joslin (1921) in an analysis of 1,063 cases of
diabetes noted antecedent cbesity in 40 per cent,
although Root and Miles (1922) place the figure at
only 20 per cent, On the other hand, some obese
subjects pericdically experience symptoms which
night have been produced by an overdose of insulin

ané are incidentally accompanied by an unmistakable

Harris (1924) and Winans (19230). Harris (1932) also

reports the case of an obese subject who had a blood |
sugar of 45 mg. per cent without any 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 of the obese state, i
and thereafter consecutively normal and deficient
in their capacity to secrete insulin, The possible |

detection of such a transition on the part of the

i
secretory capacity of the insular tissue in the obese
subject/
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subject with corresponding changes in sugar tolerance

accordingly formed the main object of enguiry in the |

present investigation. ©Proof of the phencmena at
issue naturally necessitated particular attention
being given to subjects with a shert history of

overwelght, The progress of the research also

led in time te the investigation of the relation of

sugar tolerance in the cbese individual to other
factors, viz, duraticn of the obese condition,
percentage overweight, age, and overian function.
The hypertrophied state of the pancreatic islets
described by Cgillvie (1933) in a proportion of
obese subjects also presented a problem for

consideration.

Material and Methods.

The 65 subjects imvestigated comprised 63
women and 2 men. Each patient having fasted
since 9 p.m. the previocus evening reported at the
Iletetic (ut-Patient Ilepartment at 8 a.m. and was
put to rest in bed. At 9 a.m. # c.c. of blood

was taken by venepuncture at the elbow, and C,2 c.c.
of this was used for estimaticn 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 acetons, Thereupon 5C g. of glucose were

given in & tumblerful of water flavoured with lemon

Juice. Further samples of blood were taken at
half-hour intervals up to two hours, 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 Hagedorn and Jensen 1923,

The patlent's history wes carefully 1nvastigateq
as reogerds the durasticn of the cobese state, the |
relation cf its onset to any particular event in
the patient’s life, the possible eristence of a
menstrual upset and the date of the menopause.
Helght andé weight were tsken, and the percentage
cverwelight was then calculated with the help of
tables* of standardized weights,

Results.

The facts accumulated from an exemination of |

the €5 cbese subjects are arranged in Table 1 and

. may be anslysed as follows :-

|
1. Relation of sugar tolersgnce to duration

of cbesity. Fig. 1 shows all the cases plotted ‘
according to the duration of the obase condition in
each instance, HNo account 1s here taken of age.
The method adopted haes merely been to chart the

peak of the sugar-tolerance curve of the indlvidual

subjects. Thus, the confusion of plotting a large
series of curves together has been avoided without
obscuring sny of the inferences. The cases are i
numbered individually and in the ewent of being. !
diabetic ( 5,39,47,48 and 56) are additionally |
marked with a L.

The/

* Published by the Association of Life Insurance
Iirectors and Acturial Scoclety ¢ America.

New York’ 1912. Pe 38.
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The chart 1s advlissgbly interpreted without
conaidéring twe groups of cases, viz, the obese
digbetics slready menticned and glso cases 30, 34, '
36, 4C, 46 and 54, all of which have a =sugar |
tclerance much below that of the other cases with a |
corresponding history of obesity and incidentelly
admit to a ccrmon gynecologlcal abnermality hereafter
described, The averapge trend of the sugar
tolerance with the omission of these groups is
represented by the line AB. 7This line indicates

that the sugar tolerance of the cases diminishes

progressively with increase in durstion of the cobese |

condition. Their tolerance would alsc sppear to

|
later years of the obese state, but this conclusion \

decline more rapidly during the earlier than the

1s uncertain owing to the paucity of cases with a |
history of more than twenty years' overwelght,

Fig. 1 , however, takes no account of the
influence of gge on sugar tolerance. Tclerance for
sugar, as shown by Spence (1920-1) and corrcborated
later in this series of cases, declines progressivaly!
throughout 1ife. The sugar curve of a patient in
the third decade cannot thus be 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 es much as possible
and recharted according to the duration of the ‘
obesity. The groupings are illustrated in Figs. 2 i
6. These charts are agein advisably interpreted
without cases 30, 34, 46 and 54 in Fig. 2, case 40
in/ .




in Pig. 3, and case 36 in Fig. 4, since thése

form, as already mentioned, a distinctly separate %
group. The curves of obese digbetic subjects, i
merecver, are specified by evenly broken lines, ‘
The interpretation of Figs, 2 -6 necessitetes
the preliminary definition of the limits of the
normal sugar tclerance curve in people between 20
and 7C years of age., The fasting blood sugar,

according tc Investigators such as Kjer (1924-5) who |

' have employed the Hagedorn-Jensen method, is

| 160 mg, per cent. Theresfter it falls and reaches

- tolerence [:Hansan (1923), Petrén (1923):] .

generally considered to lie between 80-100 mg, per

|
cent., After 50 g, of glucose the blocd sugar rises |
in about three-quarters of an hour to between 140 - |

normal in cne and a half to two hours. As alrsady

- mentioned, Spence (192C-1) has put forwerd evidence

to show that sugar tolerance declines with advancing |
years, but a rise above 180 mg. per cent is generally

taken as representing an gbnormally low sugar

Finelly, most investigators would agree, although
figures in suppcrt of the statement are scarce, |
that a rise of less than 35 mg. per cent above the i
original fasting level repressnts an abnormally good
sugar tolerance. ‘
A consideration of Fig., 2 in which are plotted
all cases in thelr third decade reveals a steady rsll|
in tolerance between case 13 and cese 60 with a
history of obesity for respectively eight months and |

|
five years. This progressive decline in tolerance

is/ !
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is also demonstrated by cases in the fourth decade

&>
°

and particularly in the fifth decade where the
auration of the cbesity increases to 17 - 22 years.
The sixth and seventh decades include only a limited
number of subjects, but such cases as have been
obtained are so arranged as to favour the same
conclusiocn during these periods. Figs. 2 -8 from
which the iInfluence of age has been largely
éliminated thus corroborate the relationship
observed in Fig, 1 between degree of sugar tolerancé
and duration cof obesity.

The various curves may now be examined in more
detail. The third decade (Fig.2 ) is characterised
by cases 13 esnd 43 with each g total rise of 34 mg. |

per cent. In the fourth decade (Fig. 3) case 15

26 mg. per cent, snd case 6 a rice of 24 mg, per

cent. The fifth decade (Fig., 4) includes caze 12

|

| |
hes a rise of 33 mg. per cent, case 57 a rise of ‘

i

|

|

| with a rise of 33 mg. per cent. Bach of these

' cases has thus a cuarve with totel rise of less than

35 mg, per cent and such a low type of response,

as already noted, is generally accepted as
indicating an increased tolsrance for sugar. The |
members of this group, morecover, are also related
inesmuch as each gives a history of a short periocd

of cobesity, 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 sight falls into this group, |
but paradgﬁically enough glves a history of having
been over weight for fourteen years. This
individual/
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| normal sugar-tolerance curves,

7.

individual, however, is very difficult to assess
‘accurately owing to the obviocus discrepancy betwsen
the fasting and terminal points of its curve and
80 has been omitted from consideration.

Cases with a history of obesity up to eleven

years excluding the above mentioned group have

Cases with a history of obesity for more than
elsven years may continue to fall within normal
limits or show evidence cof slightly, moderetely or
markedly diminished sugar tolerance. Thus,slightly |
redaced telerance is seen e.g., in cases 17 and 55
(£ifth 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 cf 186 snd 187 mg. per cent respectively.

Iefinitely reduced sugar tolerence is evident e.g.,

in cases 26 and 41 (fifth decade) with peaks cf

203 and 210 mg, per cent respectively, and cases 50 |
and 19 (seventh decade) with peaks of 194 and 199 mg.{
per cent respectively, Finally, markedly i
diminished tolerance is seen in cases 5 and 47 ‘
{ fourth decade), cases 39 and 48 (asixth decade), and |
case 56 (seventh decade). These subjects show an
abncrmally great rise and a delayed fall and are
characterised in each instance by a positive

Fehling's test for sugar in the second specimen of |

urine, They have clearly passed into the phase of
digbetes. The onset of diabetes in these cases, it

will/

106.



| after eighteen years every case without exception

| among the cases under review supervened after

| eliminate as much as possible the influence of age |

8.

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

welght ranging from twelve years in case 47 to thirty

- elght vears in case 58, !

In summation, one third of the cases with a
history of ocbesity for five years or less have an |
increased sugar tolerance, while the remainder in
this group have normal tolerance. Thereafter, the
sugar tolerance of all obese subjects lies within
nermal limits up to & duration of eleven years®
cbesity. Some exhibit ncrmal tolerance even after |
having been overweight for eighteen years. The
pericd after eleven years, nevertheless, 1s !
characterised by a progressive dsecline in sugar
tclerance s¢c that after eleven years examples of

abnormally low tcolerance mske their appearsnce and

in the series has a ncre or less subnormal tolerance,

Tolerance ultimately hecomes sc deffcient as to

provoke the symptoms and signs of diabetes. TIiabetes

periods of cobeszity ranging between twelve and

thirty eight years. |

2. Belation of sugar tolerance to percentage

overweight., This relationship was investigated by

grouping the-cases in decades sc as again to

and plotting them according tc thelr percentage

cverwelght. Figs, 7 -11 were constructed in this |
way and show that the sverage tolerance in each |
decade is represented by a horizontal line., The

sugar/

107,




¥
sugar tolerance cf the obese subject, in other wordsl
iz 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 sixth decade cage 61 with 137 per cent

overwelght has as gocd a tclerance as case 63 with |
only 36 per cent overweight. The amount of over- ‘
welght is thus nc index of the cbese subject's !
sugar tolerance,

3. Relation of sugar tolerance to age. This

assoclation 1s 1llustrated in Fig., 12 where for the
sake of clarity only the peaks of *%9 tolerance
curves have been plotted according to the patientts |
age. The line AB represents the average helight of
the pesks (omitting the two groups of cases |
mentioned in section I) and signifies a progresgive!
decline of sugar tdélerance with advancing years, |

4., Relation of supar tolerance to ovarian

funetion. S8uch a relationship ls suggested by a E
study of cases 30, 34, 36, 40, 46 and 54, and also !
of case 48, Rach of the first group of six cases, |
az seen in Pigs. 1.4, has a much lower tolerance for
sugar than the others with a correspondingly short
history of obesity. The cases in +his proup,
moreover, are further remarkable for their common !
admission to a history of dominished cvarian i
function, Thus, case 30 i1s a married woman, aged 24ﬂ
who had a unilateral oophorectomy performed two i

vears agc. pPrior to the operation her menses were

of the 7/28 type and the loss was average. BSince i
the/
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. the operation her menses have been half of their |

} former duration, now 3/28, and the loss has been |

| scanty, Her cbesity dates from the operation also.

' Case 34 is a married woman, aged 25, with markedly
irregular and scanty periods, her loss amounting to

. one or two spcts every 7-12 weeks., Case 46 is a |

'married woman, aged 29, whe has had nc menstruel ‘
|

iperipd since the birth of her sixth and last child

three yesrs ggo, Her mensrche occurred at the age
iof 17 years and her pierods were regular, 3-4/28, |
‘until they ceased in 1931. Case 54 is a married
;woman (nullipara), aged 29, whose renstruation has '
| eonslasted of a scanty period lasting one or two

idaye every 2-12 mcnths, Case 40, the only one in

?the fourth decade, is a married woman, aged 34, with
isix children. She had a severe haemcorrhage sight |
‘months ago just befors the birth of the sixth child
iand was accordingly sterilised by deep X-ray therapy.
Lastly, case 36, the only one in the fifth decade, is
:a married woman, aged 44, who by reascn of severe |
uterine haemcrrhage two years ago was artificially
sterilised by the insertion of radium,

| Case 48, an chese female dlabetic £f the sixth
\decads, is best considered in rela*ion to the trend
of suger tolerance at the menopause as seen in

;Fig. 18. In this gragh, csses whcse menopause is
cccurring or has occurred are indicated respectively |
by 2\ and () . The first of the group, 1.e.
case 38 {marked by arrow) 1s 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
i years after as before the climacteric. In other
i words, the natural cessation of ovarian function
at the mencpause is not ususlly associated with any i
- accelerated falling off in sugar tolerance. MNow,
case 48 gives a history of having been overweight roré
twenty seven years, She experienced her mencpsuse

three years ago and since then has been losing welghtl

' In the year after her menopause she had en attack

} of pruritus end a second attack occurred a year

i later. When she casme under cbservation this year
she complained of thirst and polyuria and her sugar-

tolerance curve,; assocliated as it was with glycosuris,

proves her to be frankly dlabetic, From what
' has already been said, this elderly subject after
|

:baing obese for twenty seven years may legltimately

jbe regarded ac having had a much reduced sugar
itoleranee. Her history, moreover, suggests that
!she became diabetic during her menopause. In cther
:worﬁs, cessation of ovarian function at that time
appears to have been associated with such an

additional decline in tolerance as to make her i

|

| grossly incaepable of dealing with sugar. This case
'is thus an exception to the usual accomplishment of
| the mencpesuse without any evident disturbance of

IJ-lmgar metabolism, i

Elscussion. ! |

Joslin (1921) believes that percentage over- |
welght/ |

110. |
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welght has an important bearing on the sugar

i tolerance of the obese subject in that the tendency

| to the development of diabetes increases in |
;preportion to the amocunt of overwelight. The prasenti
‘cases, however, sometimes show the asscciation of
iamall and large amcunts of overweight with

j respectively low and high grades of sugar tolerance.
iln contrast, the ability of these subjects to deal
with sugar deteriorates pregressively as the length |
of time during which they have been obsse increases é
end ultimately after periods of overweight ranging
:betwean twelve and thirty elght years assumes a

i diabetic type. The duratiocn of the obesity
iaccording to this investigation is thus of much more
!signifieance in reletion to the sugar tolerance of
the overweight subject than the degree of obesity.
The same conclusion is favoured by Labbé and Boullin |
' (1925) and Allison (1927). Spence (1920-1) has |
| further drawn attention to the importance of
Iadvancing years in bringing about a lowering of the
iind&vldual capacity to deal with sugar and such a
‘relationahip is again evident in this series of
!caaes. Finally, several subjects in the present |
%inreatigation are characterised by rapidly 1ncreaaingi
Ioverwoight. a very low sugar tolerance for the |
daration of the obese condition, end signs of
ovarian dysfunction, The factors influencing the
' sugar tolerance of the obese individual are thus i
varied in nature and include the duration of the ,
averwelgﬁt condition, the age of the patient, and !

ovarian/

.
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ovarian dysfunction. All of these conditions,

moreover, have the common effect of reducing the

- capacity of the obese person to deal with sugar.

According to this investigation the sugar
tolerance of one third of obese subjects is

consecutively increased, normal and decreased,

 whereas the abllity of the other two thirds to deal

with sugar is normal at first and later decreased,

The assumption of a correlation between sugar

' tolerance aﬁd secretion of insulin enasbles these

trends to be interpreted as indicating that the

 through phases of increased, normal and decreased

' function, while the insular tissue in the remainder

'merely shows stages of normal and decreased activity.

Yow, Ogilvie {1933) observed varylug degrees of
enlargement, of the pancreatic islets in thirteen
ocut 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 cof
normal tolerance, ten of subnormal tolerance (peak
above 180 mg. per cent. ), and three of frankly
diabetic character. fhe hypertrophy of the
pancreatic islets obtaining in a considerable
proportion of obese people, in the light of such a
daclining sugar tolerance, may consequently be
regarded as indicating transition of the insular
tissue in these individuals from a hyperactive to a
hypoactive condition. ’Accordang to the fore-

going/

ipancrcatic islets in one third of obese subjects pass

112,
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going clinical and histological data, a proportion

of obese subjects (probably about cne third) thus

apparently pass from a preliminary phase of 1ncreasad!

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 phencmena,

Such trends on the part of the pancreatic
islets and sugar tolerance in the cbese subject
invite enquiry in respect of their causation. The
observations of Dunlop and Murray Lyon (1931) as
regards the dietary hasbits of 523 obese suqucta
are interesting in this connection., A few of their
cases admitted to having grossly overeaten for 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 intske, but this was not nearly so
characteristiec., [Excessive quantities of
carbohydrate naturally ect as a stimulus to the
secretion of insulin and the same effect, in view
of the evidence indicating the necessity of insulin
in the metabolism of fat, might be brought about by
an excess of this material aslsc, Accordingly, the
trends of pancreastic islet activity and sugar

tclerance regarded as obtaining in this series of

| obese subjects might be acceptably reasoned out on

-a dietetic basis. - Such an appre¢ach, however,
falls to explaein the occurrence of a preliminary

phase/



- phase of increased pancreatic islet function and

:
|
|
sugar tolerance in only a proportion of the present |
cases, Moreover, the pericd of increased ‘
pancreatic islet sctivity is spparently maintained ‘
for only about five years and thereafter passes intoi
i stage of normal secretory function., 1In due time.{
the islets in all cases by reason of the sustained

dietetlc strain subside into a state of depressed |
activity and ultimately more or less exhaustion.

The sugar tolerance of the cbese subject is !

| consequently normal for a time and later characteris-

ed by increasingly deficient qualities,

Much interest centres around the observed l
relation in the present investigation between !
carbchydrate metabolism and ovarian function, |
Fhysiological 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 and 54 with a

hlstory of deficient function, promature exhaustion
or artificial destructicn of the ovaries show an
cbvious disturbance of their ability to deal with
sugar and the same has been true of case 48 since
the cessaticn of ovarian function at the mencpause,
The upset in sugar metabolism brought about by
removal of the ovarian influence in all of these

cases/
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' cases consists in a much reduced sugar tolerance.
Whether this effect, when brought about by ovarian
| dysfunction during the active menstrusl 1ife of the :
female, occurs only in the subsequently obese or i
%alao in the subsequently thin remains to be decided :
gby future investigation. Albelt, the reduction of - |
;tolerance in case 48 was such as %o cause her sugar ‘
imatabollsm. already depleted in associstion with
!long standing cobesity, to assume manifestly diabetic
iqunlities. How, Raab (1930-1) has fcund that
' normal women give much lower sugar tolerance curves
!after as compered with before the injection of
;follicular and luteal extracts. Again, ovariectomy
| in guinea pigs, according to Yuuki (1834) causes an
éinnreased glycosuria after the intravenous injection
gof glucose, Finally, Gulick et al (1834) conclude
' that in ovariectomised rats the liver glycogen 1is

constantly higher than in normal females and that

a reduction in hepatic glycogen is effected by
‘theelin. The findings in both man and animals |
gthua point to the importance of the ovary in the
;regnlation of carbohydrate nmetabolism. The sugar
%tolerance of the individual may undoubtedly be,
!according tc this inveatigaticn,advefsaly affected

by removal of the ovarian stimulus so that the ovary
must be agceredited with the function of enhancing

the ability of the individual tc deal with suger. |

Conclusions.

Sugar tolerance tests carried cut in 65 obese

subjects/
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;aubjects varying in sge bstween 23 years and 65
Eyeara end in percentage coverwelght between 14 per

cent and 137 per cent 1indicate the following

conelusions :-

(1) suger tolerance dim;nlshes with increase
‘ln durstion of the cbhese ccndition ;

' (2) sugar tolerance is Ilncreased in about one
‘third of the cases with a history of obesity for

 five years or less, wheress the remaining cases in

Ethia group have s normal sugar tolersance ;

|
iof the cobese state ultimately expresses itself

Iin diabetes ;

‘ (4) sugar tolerance in the obese subject 1s
ilnot related tc the amcunt of overweight ;

} (8) the hypertrophy of the pancreatic islets
|obta1n1ng in a proportion of cbese subjects,

| consldered in ccnjunction with the trends of the
%sugar tolerance, 1s interpreted as indicating
'transition of the insuler tissue from a hyperactive
to a hypoactive state ;

(6) sugar tclerance declines wfth advancing

years 3 and
r (7) sugar tolerance in the obese subject is
controlled by the cvary inasmich ag loss of the
ovarien influence may incduce an apprecisbly reduced

capacity to deal with sugar.

(3) the declining sugar tolerance cheracteristic

116,
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SECTICN IV,

Diabetoganic and Pancrectropic Actions of Ox
Anterior Pituitaz_*x Extract in Rabbits.

Following the production of temporary diabetes

by Bvans, Meyer, Simpscn and Reichert (1932),
Baumann and Maerine (1932) and Houssay, Biasotti and
Rietti (1932), Young (1937) induced permanent
dilabetes in adult dogs by an intensive course of
crude anterior pitultary extract, This discovery
was confirmed by Campbell and Best (1938) and Dohan |
and Lukens (1939). Richardson and Young (1938) and
Richardson (1940) examined the pancreasses of dogs so
- rendered temporarily or permanently diabetic and
found that the beta cells of the islets cof Langerhana:
| showed veriable degrees of degramulation, hydrops or
hyalinisation., [ILukens and DIohan (1942) observed
similar changes in the islet tissue of cats made
. diabetic by partial pancreatectomy and subsequent
treatment with pituitary extract. The prodiction cof
. such lesiocns experimentally is important inasmuch as
corresponding phencmena have been described in human
diabetic cases by Opie (1901), Cecil (1908),
Weichselbaum (1911) and Warren (1938). The present

I 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.

METHOIS,

Extract. This material was a crude saline
product of ox anterlor pituitary glands prepared
after the method of Young (1938 A). The fresh
whole glands were brought on ice toc the laberatory
and the anterior lobes were separated by careful
dlssection. The extract was made up so that 2 c.c.
ﬁare equlvalent tc 1 g. gland. It was stored at a
low temperature withcut freezing and used within
five or at most six days of preparation, The method |
of acdministration was by injection intraperitoneally
in three 2nimsls and subcutanecusly in twenty five
animals, The injections were given dally and
consisted either in a constant smount of 1.5 g. gland
| per kg. body weight or in a quantity which was
increased by 0.5 g. gland per kg. at intervals or
five or six days from an initial 1 g. gland per kg.
to a final 2,5 g. gland per kg. body weight.
| Aseptic precautions were cobserved during both
i preparation and adninistration of the extract.

Animals, The 28 rabblts used in this
investigation comprised 27 English (Nos. 2 - 32 in
| Table 1) and 1 Iutch (No. 1 in Table 1) and included
f 13 males and 15 femalés. Their welght var led between
| 1502 g. and 2352 g., the average being 1899 g. They

were kept in metabolism cages and given a dally

| allowance/
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allowance of 100 g, of mixed bran, corn and malze,

300 g. of cabbage and water ad 1ib. Daily

measurements included food consumption, body welght,

urine veolume and, when present, urine sugar and urine

ketones, The 10 control rabbits used to estimate

- the pancreatlc islet tissue were also English and

consisted of ¥ males and 3 females, They weighed
between 1530 g. and 2380 g. and averaged 1947 g. so
that they proporticnately covered the range of
welghts of the 28 injected animals,

Estimations. Urine sugar was estimated by

Cole's method, urine ketones by the Van Slyke- Denigds
method and blood sugar by the Hagedorn-Jensen method.
Allowance was made in determining ketone excretion
for the normsl ketone content of rabbit urine,

Sugar tolersnce and insulln sensitivity tests were

performed after a fast of 15 hours, Sugar tolerance
was determined by two methods, The single method
consisted in gne intravenous injection of § c.c, of
a 20 per cent glucose soluficn and determination of
the bleod sugar before and at 5§ min. or 10 min.
intervals after injection for 50 min, The

consecutive method recommended by Himsworth (1934)

comprised four intravenocus injections of 5 c.c. of a
20 per cent glucose soclution at healf-hour intervals
and estimation of the blood sugar before the first
injection and at intervals of 5 min., and 23 min,
after each injection, Insulin sensitivity was

tested/
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tested after the manner of the single sugsr tolerance
method with the difference that the glucose injection
was replaced by C,5 unit of insulin.

The pancreas of each animal was arbitrarily
divided intoc head, body end tall, fixed in Helly-
Zenker solution and embedded in paraffin, Sections
were stained by (1) alccholic eosin and haematoxylin |
and (2) Heidenhain's ircn haematoxylin as recommandadi
by Richardson (194C). The first technique served
routine histologiczal purposes, while both methods
specifically demonstrated the A~ and B-cells of the |
islet tissue. The weight of islet tissue and the i

- number of islets in each pancreas were calculeted

after the method described by Ogilvie (1937). The

frond-like character of the rabbit pancreas, however,

| created difficulty in determining its weight, The

pancreas and the sheet of mesentery in which it lay
were, therefore, carefully dissected cut and welghed,
The area of the mesentery was measured by laying it |
upon graph paper and its weight was calculated from
that of a kncown area of mesentery detached from the
small intestine., The weight of the pancreas was then
obtained by deducting the welght of the mesentery

from the combined weights of pancreas and mesentery.

A section from head, body and tall cf each pancreas

' was used to determine the percentage area of 1islet |

' tissue and the number of islets and averages cf these

I

quantities were struck for the whole pancreas. An |
endeavour was thus made to take account of regional

variations in the distribution and slze . of the
islets./ '

122,
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islets. [Estimation cf the area of whole pancreas i
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, toc be
traced, cut cut and weighed so as to cbtalin an
estimate of their combined area, The rabbit
pancreas thus involved the tracing of both whole
tlissue and islets compared with islets alone in the
human organ., The microscopical fields used for the
estimations were selected according to the size of
the peraffin section. Each consecutive field was
investigated in a small sectlon, but iIn a larger
plece of tlissue the exemination was restricted to
- every second, third, fourth or fifth field, Finally.:
| the conversion of 1slet volume to islet weight by
' maltiplication of islet volume by 1,05, the density
of whole human pancreas, invelved the assumption thatl
' the islet tissue of rabbit pancreus had the ssme
density as human pancreas. This assumption
inaturally eould not be proved, but the errcr, if any,
!was probably small and certeinly constant throughout

the investigation,
RESULES,

(1) Glycosuria. This phenomencn was observed
iin 23 of the 28 injected rabbits ( Table 1 and
| Figs. 3, 5, 7-17, 19-28), It developed as early as
‘the second day of treatment in Rabbit 26, but was

' delayed until the ninth day in Rabbits 7 and 9 and
| |
on/
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on the average menifested itself on the sixth day.
After 1t appeared, the glycosuria rose to a peak and

subsequently fell to zZero and this type of response

was observed both in animals which received g conatanﬁ
| |

deily smcunt of extract end in those injected with |

~ extrect which was increased at short intervals to an |

| equivelent of as much as 2,5 g. gland per kg. body

- weight, The ingravescent stage was rapid throughout:

in most animalsg, but in almost as many cases an
initiel slow phase preceded a rapid rise to the pesk.
The peak was characteristically fo;lowed by a rapid
disappearance of sugar from the urine, while in the
remaining cases the sugar subsided less repidly or
even slowly or rapldly st first and later slowly. |

' The pesk lay between the sixth and twenty-second day

respectively and on the average occurred on the |

of treatment in the case of Rabbits 12 and 24

eleventh day. The height of the pesk varled within
wide limits. Thus, considering merely those animals
which gave a ccmplete sugar curve Rabblt 25 excreted
at mcst only 1.1 g. suger per 24 hr,, while Rabblt 31
passed ag 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, agalnst
8.6 g. per 24 hr, as sn average maximum for those

injected with increasing extract and the average sugar
excretion for the entire series was 10.4 g. per 24 hr,
Sugar was excreted over a period of between three day%
for Rabbit 29 and twenty-three days for Rabbit 24,
The/
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The excretion of sugar by Rebbit 24, however, was
relatively =light for more than 2 fortnight and

punctuated by cccasional sugar-free days. The

' lengest pericd of continucus glycosuria was. fifteen

days in the case o Rabbit 8. The animals receiving |
congtant extract excreted sugar on the aversgs for

nine deys ageinst eleven days con the average fcr the

- enimals injected with increasing extract and the

sverage duraticn of suger excretion for the gerles
was 9.6 days. The everage glycosuric curve thus
began on the sixth day of treatment, reached a peak |
of 10.4 g. sugar per 24 hr,. on the eleventh day and ;
- returned to zero on the sixteenth day. ZEighteen ‘
' rabbits whiech showed glycosurla alsc excreted ketones,

' The exereticn of sugar anticipated the sppearance of

' ketones by s period of one to five days or an averagei
' of three days in 7 animals, whille in 9 animals sugar

| @1d not become positive until = pericd of cone to threq
idaya or an average of two days after ketones and 2
ianhnals exhibited both sugar end ketones on the same
 day.

! (2) Ketomuria., This phenomenon was observed

‘1n 20 of the 28 injected animals (Teble 1, and

Figs. 4, 6-8, 10-17, 20-27). It developed between
itha third day in Rabbits 8 and 13 and the eleventh |
lday in Rebbit 29 and on the sixth day on the averags.
The excretion of ketones rose to a peak and thereafter
rfall to zere and such a rise and fall cccurred beth

in the animels receiving constant extract and in those

injected/
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 the decline of ketone excretion was, as a rule,

128,

injected with increasing extract. The increase in

ketone excreticn was uniformly repid in most snimals,

' but in some it was slow initlslly and lster rapid or

- proceaded throughout at a medium rate, Similarly,

uniformly raplid, slthough sometimes rapid at first I
end later more slow or occasionally throughout of
medium pace, Ketone excretion reached its peak

between the fifth day for Rabbit 18 and the eleventh

day for Rabbits 7, 29 end 31 and on the eight day

- on the average for the animals in which complete
 ketomuric curves were cbtained, The height of the

' peak veried within wide limits. Thus, Rabbit 30
 excreted cnly 15 mg. ketones per 24 hr, at most, whilé
:at the peak of its curve, Rabbit 31 passed 1706 mg.
;katonaa per 24 hr, The animals injected with constant

extract passed an average maximum of 476 mg, ketcnes |

per 24 hr, compared with 601 mg. ketones per 24 hr,
 for those receiving increasing extract and the avsrage
| peak for the series was 510 mg, per 24 hr. The pericd
=ovar which ketones were excreted alsc varied

' econsiderably. Thus, whereas it lasted for only one
day in Rebbits 4 and 18, ketonurie contimued with or
without occasional ketone-free days for eight days

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

with constant extract excreted ketones for an average

' of four days against slightly more than five days for
Ethe animals receiving increasing extract and the

'average period of ketomuria for the serles was 4.5

;dayn/
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. days. The average curve of ketone excretlion thus

| began on the sixth day of treatment, ettained a

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

- returned te normal slightly later than the tenth day |
of injsction., Elghteen c¢f the rabbits, as already
mentioned, excreted both ketones snd sugar.

(3) Re-injection. Three rabbits which had |

- showh transitory phases of glycosurla and ketonuria
' were re-injected after they had regained their |
 strength, Rabbit 14 (Fig. 14) received 32.2 g.

| glsnd in constant daily smounts of 1,5 g, gland per
ikg. body welght betwesn the sixth and sixteenth days
iand excreted sugar and ketones for nine days and two |
| days respectively. He-injection consisted in the
iadminiatration of 15.95 g. gland in daily quantities i
of the szme magnitude between the thirty-seventh and }
forth-second days. Rabbit 10 (Fig.10 ) received |
{41.7 g. gland between the tenth and twenty-fourth
Idsya and the daily amcunt 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 animal was re-injected
!between the fifty-third and sixty-second days of the i
iexperiment and given 26.1 g. gland in dally amounts

which were increassed after five days from 1 g. per |

kg. to 1.5 g. per kg, Re-injection of Rabbits 14
end 10 covered the period within which both had |
previocusly developed glycosuria and ketonuria, yet no |

sugar or ketones appeared in the urine of elther of

them/

1 |

129,



- treatment was started cn the fifty-eighth day, but

' performed in the intact asnimel and either during or

- glven in Table II and collectively illustreted by |

' rate of fall between 20 gnd 30 minutes shows a
| definite decresge, The blocd sugs after 30

 minutes continues te fall at a uniformly moderate

16,

them as a result of the sscond course of Lreatment.

Rabblt 12 was glven 55.1 g. gland in increasing
Gailly smounts between the tenth and twenty-fifth :
éays ¢f the experiment and showed transitory phases of

glycosuria snd ketcrmria., A seccnd course cof

the snimal shout g minute after the first injection

died in s collepsed, dyspnoeic condition.

(4) Sugar Tolsrance., fa) Single method,

Eight rabbits were investigated from the point of

view of sugar tolerance by the single method asbove

described, The test wes carried cut in the normal
enimal and also Garing and after the dlabetic phase

in twe rabbits, while in ths remainder it was

after the glycosur’c periled, The results are

Fig. 29. The curve cf normal sugar tolerance -baaad‘
cn the average of eight rabbits rises swiftly from a }
festing level of 131 mg., per cent to a peak of

268 mg. per cent in 5 mimutes, The blced sugar theni
falls st a uniformly rapid rste to 202 mg, per cent
gt 20 minutes, ‘The difference in the levels of the
blecod suger at 20 end 30 minutes is 33 mg. compared

with 50 mg, for the previocus 10 minutes sc that the |

rate to resch 129 mg, at 50 mimates., Based on the

average/
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average of seven rabblts, the curve of sugar
tclerance during the diabetie phase begins at a
fasting level of 174 mg. per cent which is 43 mg.
per cent more than the average normal fasting level, |

Its pesk of 300 mg. per cent at 5 minutes is also

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

although a rise of only 126 mg, per cent compared

with 137 mg. per cent for the normal curve suggests

' that some of the original pesks have been missed. !

' The curve cf the diahetic phase theresfter declines

- at a rate comparable with the normal to reach 250 mg,

i per cent at 2C minutes, The fall in blood sugsr

| compared with 35 mg, per cent for the previous 10

between 20 and 30 minutes iz only 17 mg. per cent

 minutes and 33 mg., per cent during the same period

. abnormally reduced rate compared with its previous

the blcoc sugar at 5C mimutes 1s higher by 100 mg.

|
of the normal curve, The blcod sugar between 20 !

and 30 minutes, therefore, falls not cnly at an

speed; but also at ebout half tho rate of the normal

. ecurve, The fall in blcecd sugar between 30 and 50

minutes is only 8 mg. per cent agsinst a normal

decline of 40 mg, per cent and comparec with the nonm§1

per cent, The rate cf absorption during this final
pericd consequently shows 2 marked progressive
diminuticon and is;, indsed, reduced tc ocne-eighth of
the nermal, Thus, the sugar tclerance curvebf the
disbetic phase is during the first 20 mimutes of the

test similsr to that of normal tolerance at a higher

level, while it falls at only half the normal rate |
between/

131,
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TABLE II ]
SUGAR TOLERANCE - SINGLE METHOD
; I BLOCD SUGAR in mg. per cent
bt | Stege ' n i
Fasting| Smin. |10 min. |15 min |\ 20mn |25min laomn 40min Som
-l !; | t : .
Control = 126 | 298 | 286 | 270 | 250 | 235% g14 1831 186 T
s |Disbetes 140 | 311 | 286 | 280 276 = 264 | 260 260 260 ¥
| Recovery - - j - - d - .i - - - - |
(Contrel | 103 | 235 | 207 | 178™% 1s8™ 138" | 126 114 101
95  Dlabetes 140 228 207 | 201% 185" 178 | 178 183 183
Recovery - - - | - - - - - -
S T | — i S 4 — e
[Gontror 133 | =82 | 241 212 | 190% 160 158 138 124
6 | Dlabetes 209 311 304 | 296 284 270 | 270 270 2561
 Recovery - - i - i A [ e e ‘
_i . B = —=r) e ' LT R e (e et ] LRy S ,}_ sE= _JIL,:_{ i i | |I
Control 188 | 272 256 | 230 224 | 203 | 194 163 151 |
2 | IHabetes 222 | 321 | 296 | 272 | 262 | 245 | 243 2% | 2 |
i PV NS PR | - i ; | e Fa ’
p Comtrol = 132 240 | 239 |212 | 1947 176 | 162 145 140 |
fzo_ ;mgbetag i . |- il - | - - —— - | - & - - I
\Recovery | 121 | 230™| 205%™ o1 | 174 ™ 1837 140%™ 1207 1097
| | |
| T & | A
Control = 112 249 | z; | 212 | 187 -!Fru 140 119 107
% | Mabetes 168 31 | 204 | 276 | 262 | 254 | 242 235 230
, %Racovery - | = ' - |~ | - - = - o
B | A S (S e | i ST
' Control 160 295 | 270 262 | 226 28 194 158 128
8l Ifabetes 203 33 | 306 | 278 | 268 239 235 aa:m"i 225
Recovery 130 | 296 | 252 212 184 162™ 148 119 99
| Comtrol 117 | 260 | 266 | 218 |i 187 176 160 142 128
! I II i 5
Mabotes 135 | 282 | 260 251 © 226 211 203 194 185
Recovery 96 192%| 1me 188 133 T |124 121 105 | 96
Control 181 2es | 2e8 223 202 186 169 145 129
‘'ges | Dlabetes & 174 300 279 | 265 250 ‘2:5'7 1233 230 1225
‘Recovery 116 239 214 | 190 164 146 136 114 101
_-.Ji___. ; } i % ) J | | _
. % + 1 minute 3% + 3 minutes
T + 2 minutes 41 + 5 mimtes
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TABLE III

SUGAR TOLERANCE

P e e

CORSECUTIVE METHCOL

- | " BLOODSUGAR 1in mg. per cent L
mbit | Stage — o 1 SR s =
| Fasting | 5min | 28min | 35min | 58min 65min S8min 95min 118mn
- NS i = e RIS ‘n | | | .
Control 110 | 274 163 | 270 | 151 | 264 | 133 254 & 160
; Iigbetes = - - S TESSS SRR ! s
r % 5 !
'Recovery 98 218 15¢ | 23 | 156 313 169 = 349 170
‘ ! | i - L
! 1T | [ P r—
Recovery’ 110 214 147 | 239 | 166 | 264 @ 163 | 266 174
SN — —————— -_-,._,.__l | — i —
i : ! ! |
Control i3 2€8 205 | 224 | 13 | 189 | 169 | 201 172 |
10 Ilabetes 191 289 236 | 33 | 255 | 340 312 408 316
|Recovery 122 262 192 | 278 | 171 | 239 | 144. 258 | 140 |
| SIS [SEEVERI NOSNRI DTN WSSSIRCRES |
Centrol 129 | o8z 212 ’g 385 | 284 | 351 | 28C | 363 224
i | | |
rn ' Mabetes 171 | 306 252 | 395 | 311 | 452 | 306 | 513 345
Recovery 119 | 268 183 J| 315 | 199 | 319 | 203 | 306 172
\P_ S | - NS, STy - 'I - o ——
g |Control 105 499 282 | B56 | 366 | B20 | 385 454 345
12°  |Diabetes - - e | » | - - - - -
| |Recovery 101 463 | 245 | 494 | 286 | 509 247 539 296
ST |E— | S DN PSS |
L Control 123 | 275 193 | 28¢ | 169 | 268 177 273 185
8 ; |
) |Blsbetes  18) | 298 2¢4 | 63 | 283 | 06 | 309 |46l 3}
% Recovery 121 265 188 | 207 185 | 279 174 282 156
I|--—.—_._,.______ i . ! i . ) E_ ey St
#*  Performed one day after last dasy of glycosuria,

———

Performed two days after ilast day of glycosuria,

This snimal received four half-hourly injections of
5 c.c. of a 100 per cent glucese solution instead
of 5 c.c, of a 20 per cent glucose solution as in

Rabbits 7, 9, 10 and 11,
Average of 1C and 11 only.
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between 20 end 30 minutes and between 30 and 50

minmites at only one-eigth of the normel. The result |
' 1s that at the end of the test the blood sugar remasins
higher than the control level by as much as 100 mg, |
;per cent. Based on the average of three rabbits,
Ithe curve of sugar tolerance after the diabetic phase |
;15 similsr tc that of normal tolerance except that it |
éis placed at a lower level, Its lower level is
 probably explalned by the fact that the animals have i
 become accustomed to manipulative measures such as |
'would tend to stimulate the sympathetic nerveus system
iand produce hyperglycaemia during the earlier tests. !
ESugar tclerance after the diabetic phase may, |

| therefore, be regarded as again of normsl order, .

i (b) Consecutive method. The suger tolerance of i
five rabbits was investigated by this method. Each |
tanimal was teated in the control shage and also dxrinq
Iand/or after the diabetic phase. The results are

' set forth in Table III and illustrated by Fig. 30. !

The curve of normal sugar tolerance is based on the

averase of figures cbtained Trom Rabblts 7, 10 and 11

line, the trend of which is on the averasge slightly |
downward, Two of the thres component graphs ahow
:mcre clearly this falling character, but the third
definitely rises and so masks the effect of the others.
The interpretation of the averase falling graph is
that each of the last three amounts of glucose
injected intravencusly has been removed from the

cirenlation/

'and takes the form of en alternately rising and falling

———— ——— ————
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circulation in a slightly mcre adequate manner than
its predecessor. This effect which is known as the
Staub-Traugett phenomenon was first described by
Hemman and Hirschman (1919) and is regarded by
Himsworth (1934) as one of the most delicate
' reactions in carbohydrate metabolism., The curve of
tolerance during the disbetlic phase 1z based on the
average of Rabbits 10 and 11 and has con the average
a distinetliy upward direction, The explanation of

such a curve is found principally in the fact that

the blcod sugar after each injection falls to fall to
the same degree as it deces in the course of the normal
tclersnce test. Thus, wheress in the ncmmal |
tolerance curve the blccd sugar after the first three
injecticns fells 82, 111 and 91 mg. per cent
respectively, reductions of 54, 8C and 87 mg. per

cent respectively occur in the curve of sugsr
!tolerance during the diabetic phese. The reverse
?degrae cef fall after the fourth injecticn is
undouvbtedly due to experimentsl errcor. A curve cf
such rising character, indeed, is in keeping with

' the results of the single method, since this method
irevealed that the blcod sugar between 2C =znd 30
gminutae fell at only half the control rste anc must,
:therefcre, be abnormzlly elevated at 28 minutes when
la second intravencus injectlon of gluccse is given in
the consecutive methed. The consecutive method thus
‘yields a greph which is merely e reduplicated version
et/
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of that obteined by the single method and which

similarly indicates that the diabetic phase is

accompanied by a definitely lowered sugar tolerancs,
Sugar tolerance was estimated in Rabbits 7 and 9

one and two days respectively after the cessation of

' glycosuria =2nd alsc thereafter in Rabbits 10 and 11

at Iintervals of twenty-twe and twenty-three days

regpectively. The graph ylelded by Rabbit 7 is

 Gefinitely rlsing in character, while that of Rabbit

'9 shows & mcderate rise, Beth graphs indicate that

' the sugar tolerance of those animals is stlill !

' abnormally low. The graph constructed from the

iaverage of Rabbits 10 and 11, on the cother handg, '

!practically cuplicates that of ncrmel tolerance and,

' like 1t, showe on the average that slightly downward

' trend indlcative of an incressing adegusey to deal i
'with gugar., Thege findings justify the conclusion |
|that suger tolerance remains depressed for a shcrt
time even sfter the cessation of glycesuria, but that
at abcut three weeks thereafter tclerance for sugar
has returned tc within definitely ncrmal limits,
iFinally, the sugar tolerance cf Rabbit 12 wes
;1nvest1gated by means of & 10C per cent glucose
;solntion in-tead of the usual 5 per cent sclution.

'Allowing fcr experimental errors in the control |
|
' experiment the groph geuging suger tolerance 24 days |
|

‘after the diabetic phase was ageln similer tc that of |

| normal tolerance,

i (5) XInaulin Sensitivity. Six rabbits were

invegtigated/
|
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investigated from the point of view of insulin W
sensitivlity by the method defined above, Hach was
tested in the control stage and curing the diabetlc |
rhase, while three were alsc assessed after the_ "
glycosuric period. The results are set ocut in
Teble IV and collectively illustrsted by Fig. 31. .
The curve of normal insulin sensitivity based on the
average of the six animals bagins at a fasting level
of 132 mg. per cent and falls, after a short initial
delay, rapldly and uniformly toc 85 mg. per cent at
20 minutes, The blood sugar subsequently declines
progressively more slowly and reaches 74 mg. per
cent by 30 minutes, The curve then rises slowly
snd steadlly to 80 mg. at 50 minutes. The blood
sugar falls an absolute average of 58 mg. ner cent |
(44 per cent) in 30 minutes, while the extremes are
' 41 mg. per cent in Rabbit 22 and 87 mg. per cent for
Rabbit 18, Based on the average of the six animals
the curve cf insulin sensitivity during the disbetic
' phase starts at a fasting lovel of 172 mg., per cent
which 1s 40 mg. per cent higher than the aversge
control blood suger, It shows no response for almost
10 minutes and then falls slowly to 154 mg, per cent

| after 25 minutes., The curve remalns abcut the same

level for 1C mimutes and then rises at a slow steady
 rate ﬁo 164 mg. per c¢ent at the end of 50 mimutes,
iThe averags absclute fall is 18 me. per cent { 10 per
|eent) in 25 minutes, the extremes being an actual
‘rise of 25 mg, per cent in Rabbit 13 and a fall of

i 47 mg./ _ .
s |
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4% mg, per cent in Rabbit 22, Rabbit 22 is further
instructive in that its blcood sugar falls 22, 27 and
47 mg. por cent relative to a sugar excreticn of

4,1 g., 5.3 g. and 15.8 g. per 24 hr, The
significence of these reactions will be considered
later, but the conclusicn can now be made that since
the percentage fell in respcnse to insulin normally
and during the diabetic phase is 44 per cent and 10
rer cent rospeetively, insulin ir at least four times
less efficient in lowering the blocd sugar in the
disbetic as compared with the intact animal, The
curve of insulln sensitivity after the diabetic phase
i1s based on the average of Rabbits 14, 21 and 22
which were tested 18, 5 snd 4 days respectively after
the cessation of glycosuria and 18, 5 gnd 3 days
respectively after the last injection. It begins at
a8 fasting blocd sugar of 112 mg. per cent and falls
uniformly eand fairly rapidly to 58 mg. per cent in
‘half an hour. it declines thereafter in a scarcely
;perceptibla manner until it reachesz 55 mg., per cent at
‘the end of the test, This curve differs from that
of normal insulin sensitivity in thet it 1s placed
at a slightly leower level and falls to show any
‘terminal reccovery, but resembles it both 1n general
%i‘om and in its fall of 57 mg. per cent (51 per cent) |
!whlcb is clcse to the normal response of 58 mg., per
:cent (44 per cent), The lower level cf the curve 1s
probably due to the fact that the animals have become
iaccuatomed to manipulative measureas, while the curve

‘of/
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of one of them shows a dsefinite terminal reacovery.
Insulin tolerance after the diabetic phase czn, there-
fore, be regarded as having returned toc within normal
range.

(6) Urine Volume. Exeluding two which

developed dlarrhoea, twenty-one of the twenty-eight
rabblts reacted to the inltlal injections of extract
by excreting less urine, The degree of cligurie
varied, Thue, three rabbits continued to pass more
than 10C c¢.c. urine per 24 hr,, while seven excreted
betwean 40 and 65 c.c., eight between 20 and 40 c,ec.
and three leas than 80 c.c, per 24 hr. Two of the
lagt group of three were the most extreme examples
in that each passed no urine for a periocd of 24 hr,
The initial fall in urine volume was follouwed by a
variety of reactions. Three animsls conbtinued to
excrate a progressively less ancunt of urine, while
the output of ancther thres remained on the average at
the level to which it had fallen. Fiftsen rabbits
increaned their urins volums, The imprcovament
usually bhegan Immediately aftsr the initial fall, but
was sowetimes delayed for a period cf days, In
' splte of it, three animals contimued to excrete a
ésuhnormal emcunt of urine, Three, heowever, returned
itc normal excretion levels by the end of treatment
:and at this pcint nire rabblts even vacsed mcre
;GOpious urine than they ever dié under control.
Thres of the remainder showed nc zignificant change

in urinery cutput during treatment, while the

exceretion/
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excretion of ancother was normal at first and later
excessive, Finally, several animals which remained
oliguric during extract treatment immediately became
pelyuric on the cessation of injections. Polyuria,
however, was in no case marked,

(7) Focd Consumption. Nineteen of the twenty-

elght rabbits were investigated from the point of
view of food consumption, Only one continued
during treatment to eat the same amcunt 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
contimied tec have a constantly or increasingly poor
appetite during the rest of thelr treatment., The
remaining sixteen animals, however, after a variable
periocd of days showed an improvement of appetite
usually first in the direction of cabbage and then
bran, 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 excesasive food consumption. A normal
or excessive appetite was sometimes acquired as early
as the middle of treatment, but was in other cases
delayed until just after the cessaticn of injections,

(8) 1Islet Tissue., (a) Histclogical Examination.

A comparison of the pancreases of the injected rabbits
'with those of normal animals revealed two changes
'referable tc the islet tilssue, First, the average
size of the islets in a proportion of the injected
 animels/

141.
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snimals was distinctly greater than the average of
the largest 1slets in the control series and the
deduction, therefore, was drawn that the average
size of the 1slets 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 productlicn
of which formed one of the aims of the research,
They were also devold of mitotic figures despite the
fact that their enlarged condition was obviously the
result of dlvision and increase of their component
cells, Secondly, the islets so far as could be
. gauged by mere visual exemination of sections were
normal in number throughcut the entire injected
series with the exception of 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 dlstribution 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 cccur singly or
Iln pairs normally, the small pancreatic ducts in
jRabbit 2 were found in conspicuous groups, frequently
:of about half-as-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 acinil of the surrounding pancreatic tissue
and were sectioned in various planes. Nevertheless,
the occurrence of the channels in such grcups was
absclute evidence of a focal formation of entirely
new ductas. The new channels were ocecasionally
placed in immediate relation to and had obvicusly
budded from a larger interlobulaer duct, No such
relationship, however, was usually observed and the
orligin of the new ducts, therefore, was attributed

to a leocal proliferation of the original small intra-
lobular channels. The cells lining the proliferated
ducts were often finely vacuolated or slmost filled
by a single large globule of fluid, ‘They were
consequently swollen into large cublcal or even
columnar structures, while the flattening of their

' macleus against the cell base had coften led to the

| formation of signet ring forms. The lumen of the

- ducts was =also correspondingly reduced in size, but
sometimes still contsined acidorhile secretion,
Isclated cducts throughcut the pancreas shcwed varying
- degrees of the same hydropic vacuclation and swelling
of thelr epithelium., A freguent feature in relation
to the swollen 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. Thua, i1solated ducts and some
groups of ducts showed only one related islet, while
the islets mumbered from six to nine in other groups
of ducts., The isiets usually lay in juxteposition
to the ducts, but ducts were occasionally observed
tc be completely surrounded by islet tissue and
direct contimuity, moreover, was scmetimes cbhserved
between the cells lining the ducts and those of the
islets, The islet tissue in speclally stained
sections consisted of the usual proportion of A- and
B- cells (Figs., 40 - 41). The excess of islets in
relation to the proliferated ducts clearly indicated
a formatlon of new islets, yet no mitotic figures |
were found in the epithelium of either ducts or

islets. Microscepical 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 mumerically, except in Rabbit 2 which

showed a proliferation of its ducts and a

. differentistion therefrom of entirely new islets.

These histologiczl conclusions necessitated more
accurate assessment and led to the feollowing
quantitative investigatlon,

{b) Quentitative Estimetlion. Results

' relative to welglt of pancreas, weight of islet tissue,

average weight of islets and number of 1slets for the

 twenty-elght injected rabbits and for ten control

 animals/
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animals are given in Tablesz V and VI respectively.
The fcollowing points are noteworthy regarding the
series of injected rabbits. The pancreass welghed
from 1.0 g. in Rebbit 32 tec 6.2 g. 1in Rabbit 10
end averaged 3.47 g. The islet tissue varied
between 0.02 g. in Rabbit 32 and 0.32 g. in Rabbit 25
and was 0,09 g. on the average. The average welight
of the islets ss regards upper and lower limits was
0.217 ¥ in Rabbits & snd 6 and 1.123 ¥ in Rebbit 26
respectively end had a mean value of 0.451 % .,
Finslly, the islets were as few as 44,000 in Rabbit
32 and as numerous as 442,000 in Rabbit 25, while
the average number for the series was 202,000. The
contrel series, on the cther hsnd, vielded the
. following figures, The pancreas 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 0,08 g, The average weight of the islets
- wes at least C,1287 in Rabbit 2 and at most 0,390 7T
- in Rebblt 8 and hacC a mean velue of 0,230 © .
Finglly, the islets numbered frcem 133,000 in Rabbit 9
toc 402,C00 in Rabbit 3, while their average number
for the series was 240,00C. The conslderable

variation in the weight of the pancreas of both

injected end control rsbbits sugge=nts that the lowest

- and highest weights probably involve equivalent I
. experimentsl errors as is to be expected from the

- difficulties/
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" ABLE V,
f ISLET TISSUE OF INJECTED RABBITS
Rabbit Welght of Welght of Average Number of
Pancreas Islet Tissue g:iggg of Islets
1 2.71 g. 0.04 g. 0.274 ® 146,000
2 2.34 g. 0.08 g. C.340C ¥ 235,000
3 5.69 g. 0.06 g. 0.568 ¥ 108,000
T 2.76 g. 0.07 g. 0.253 % 277, 000
5 2,93 g. 0.06 g. 0.217 ¥ 277,000
il 5.12 g, 0.05 g. 0.217 ¥ 230,000
] 3.06 g. 0.04 g. 0.340 ¥ 118,000
8 3,70 g, 0.07 z. 0.445 v 152, 000
A 2.96 g. 0.08 g. 0,474 ¥ 159,000
10 6.20 g. 0.15 g. 0.504 ¥ 306,000
11 3.45 g. 0.05 gz. 0.317 ¥ 151, 000
12 3.71 g. 0.07 g. 0.568 % 119,000
, 13 1.86 g. 0.03 g. 0.365 ¥ 79,000
14 2.48 g. ¢.06 g. 0.235 ¥ 257,000
15 4.09 g. 0.17 a. 0.445 % 376,000
S 3.18 g. 0.05 g. €.365 ¥ 142,000
18 3.33 g. 0.13 g. 0.713 % 175, 000
20 1.74 g. 0.04 g. 0.274 % 131,000
21 2.20 g. 0.05 g. 0.295 ¥ 169, 000
(2 4,90 g. 0.17 g. 0.474 § 347, GO0
24 2,42 g. 0.05 g. 0.390 ¥ 123,000
25 6.08 g. 0.32 g. 6.3 Y 442,000
26 5.89 g. 0.29 g. 1.123 ¥ 261,000
* 3.76 g. 0.15 g. 0.880 ¥ 173,000
29 4,95 g. 0.09 g. 0.274 % 334,000
% 3.03 g. 0.07 g. 0.675 ¥ 104,000
- a 3.70 2. 0.10 g. 0.474 212, 0600
L % 1.00 g. 0.02 g. 0.445 ¥ 44,000
" Merage 3.47 g. 0.09 g. 0.451 © 202,000
d Mmdg g mppoy + 0.26 t 0.014 2 0.040 ¥ ¥ 18,000
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TABLE VI

ISLET TISSUE OF CONTROL RABBITS

Weight of Average

—  rr—

| Welght of Kumber of
pancress | Islet Tissue Velght of Islets
; | Islets
3.10 g. 0.06 g. 0.365 © 172, 000
2.43 g. | 0.04 g. 0.128 ¥ 334,000
4,07 g. | 0.06 g. 0.154 402, 000
4,65 g. ' 0.06 g. 0.217 ¥ 276, 000
3-57 g. 0.05 g. 0.184 % 2&,000
2.40 g. 0.03 g. 0.168 ¥ 186,000
2.80 g. 0.06 g. 0.274 225, 000
3.00 g. 0.09 g. 0.39¢ ¥ 234,000
1.95 g. | .03 g. 0.200 ¥ 133,000
2.19 g. .04 g. 0.217 ¥ 176,000
3.02 g. 0.05 g. 0.230 ¥ 240,000
T 0.17 * 0,004 & 0.017 ¢ 16,000
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difficulties of the technique. Such a statement
also appliss to the other data, but the average of
both serles, nevertheless, are rerarded as falrly
accurate estimates.

The average weights of the pancreases of the
injected and control rabbits were sufficiently
8imilar to indlcate no substantial change in the
welght of the organ in the experimentel animals., On |
the other hand, the injected series had an average
of 0.09 g. of islet tlssue compared with 0.05 g. for
the contrel animals, The injected rabbits thus had
on the average approximately twice as nmch islet
tlssue as the control group. Agaln, the average
weight of the islets in the injected group was 0.451 ¥
and 0,230 ¥ for the control seriesx, The islets

- of the Injected animals as in the previous instance
were thus on the average approximately twlce as much
in weight as those of the control rebbits (Flgs. 42 |
and 43). The injected rabbits, finally, had an
average of 202,000 compared with 240,000 in the

? contrel series, Considering the wide contreol

| varlation, these figures Indicated that the rumber

' of 1slets in the injected group was within normasl
range. The data thms justified the conelusions
that the injected animals had approximately twice
their normal weight of islet tissue and that this

éincraase was due to an enlargement of the 1slets to

Iapprcximataly'twice their original weight, while the
islets/
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islets remained constant in number, Such
quantitative conclusions confirmed the assessment of
the islet tissue made on microscopical examination.
The latter, however, was additionally valuable in
that it showed how the increase of islet tiassue in
Rabbit 2 involved not only hypertrophy of the islets,

but also an incresse in their number.

LISCUSSICH,

The 28 rabblts which forﬁed.the basls c¢f this
investigatlon reacted in one or other of four ways
to crude extract treatment and are consequently

Idivisible Inte four groups. A first group of 18
rabblts was characterised by both glycosuria and
ketonuria ; a second group of 5 rabbits showed
glycosurla, btat no ketonurla ;3 a third group of 2
rabbits manifested 1tself in ketomurla, but no

glycosuria; and a fourth group of 3 rabbits sxhibited
nelther glycosuria ncr ketomuria, A total of 23
rabbits or 82 per cent of the serles thus excreted
sugar. The production of pitultary dlabetes in
rabbits has heen attempted on a few previocus occasions,
‘Baumann and Marine (1932) using s crude saline
!eztract produced glyccsuris in each of 4 rabblis,
Housaey, Blasottl and Rietti (1934) aduinistered an
:alkallne extract to two rabbits without any effect

:ln the way of sugar excretion, Finally, Young (1938)

|

glving a crude extract by both subeutanecus and

Antraperitoneal/
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intraperitoneal routes observed glycosuria in about
75 per cent of nearly 100 rabbits. The results of
this and previcus investigations thus indicate that
in showing glycosuris as a response to extract

treatment rabbits react positively in a proportion

of cases only. Such a conclusion regarding rabbits |

may be ccmpared with the reaction of other speciles,

Fer example, Houssay, Biasotti and Rietil (1934)
preduced glyceosuria in gll of 22 dogs, while in 285
dogs Young (1938 A} recorded only one failure. Using

cats, Houssay et al (1934) observed glyccsuria in

' both of two cases and Young (1933 A) in four of

elght enimals. Houssay et al (1934) effected the
excreticn of sugar in esch of 4 gulnea-pigs, but no
glycosuris sprpeared in any of the mulnea-pigs
treated by Young (1938 A). Finelly, Hcussay et al
(1934) falled tc chserve glycecsuris in groups of 10
rats and 8§ mice and in beth of these species Young
(1938 A) obtained clcosely aimilar results. Such
reports and the findings with regard tc rabbits in
this investigation indicate that the sbcve-mentioned

speclies, sccording tc their susceptibility to

Glabetogenic anteriocr pituitary extract, may be

éivided into threes groups - (1) doge which are higkly

susceptible; (2) cats, rabbits and guineas-pigs which

'react in s percentage of ceses ;3 and {3) rats anc
|

‘mice which are practicelly insensitive.
| Young (1238 A), e&s already stated, prodaced
iglycosuria/

150.
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glycosuria in asbout 75 per cent cof nearly 100 rabbits,
but in only 50 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 Iutch,
Himalayan, Belglan hare and sandy lop-eared strains.
85 per cent of the Engllah rabbits in this research
showed glycosuria and 74 per cent excreted more than
2 g. sugar per day. The English strain wculd thus
appear tc be definitely more reactive than several
other strains of rabbit. The present rabbits,
morecver, showed marked individual variation in their
digbetic 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 indivicdual aenimals of the
same straln,

The highest amounts of sugar excreted were
22.6 g., 27.5 g., and 32.7 g. per 24 hr. Baumann and
Merine ( 1932) observed a maximum glycosuria of
34.9 g. per 24 hr., but Young (1938 A) recorded a
peak sugar excretion of only 13.4 g. per 24 hr., The
highest excretion of sugar in the present sefies was

Ithus/
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thus comparsble with that observed by Baumann and
Marine, No matter its severity or its durastion,
heowever, the glycosuria inevitably disgppeared and
this proved tc be the case under treatment with a
dally amount of extract which was both masintained
constant and considerably increased at intervals of

a few days. The conly differences were that the
animals receiving constant extract excreted sugar on
the average for 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 injected with increasing
extract. Moreover, re-injection after the diabetic

. phase failed both in rabbits which had received
constent and increasing extract to effect any further
excretion of sugar, Baumenn and Marine (1932)
treated thelr 4 rabbits with constant extract and
likewise produced in each casze a glycosuria lasting
at most 14 days. Young (1237, 1938 A) administering
constant extract to dogs cbserved a transitory
glycosuria. By increasing the extract, however, he
caused the glycosuria to reappear only to disappear
again after a few days. He was then able by

| increasing the extract at intervaels to prevent

- subsidence of the glycosuriag and ultimately to

| establish a marked glycosuria which persisted even
after the withdrawal of extract. The rabblt thus
differs materially from the dog in that both constant

e

W
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and increasing extract is capable of rendering the
rebbit permenently resistant to its diabetogenic
influence. The development of such resistance might
be explained in two ways. On the one hand, Collip
and Anderson (1934, 1935) and Anderson and Collip
(1934) have shown that animals treated with .
thyrotropic hormone develcop 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 dne to the
development of an antihormone to the diabetogenic
factor, The antithyrotropic hormone, however, takes
on the average twenty-one days to develop and anmal
the action of the hermone, whereas the average
duration of the glycosuria in this investigation was
'only eleven days. The definitely shorter duration
of the glycosurla indicated the participation of a

' factor other than an antihormone, although that such
an antihormone played at least some part cannot be
completely discountenanced, On the other handg,
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
'smell ducts in its pancreas and a M fferentiation
ltherefrom of entirely new islets, These observations
lsuggaatad that the transitoriness of the glycosuria
1n the English rabbit might fiﬁd its explanation in anj

increase/



= 154, |
increase of islet tissue and conseguently an
enhanced source of insulin., This deduction was
proved to be the case by a quantitative method which,
although open to criticism in many ways, 18 neverthe-
less more rellable than any other known technique.
The injected rabbits transpired to have a weight of
islet tissue approximately twice that cf the control
series, This increase in the welght of islet
tissue, moreover, was found to be due to an
enlargement of the islets to approximately twice
their original welight, while the islets remained
constant in number, Rabbit 2 was an exception to
this conclusion in that, as already stated, it showed
evidence mlcroscopically cof a formation of new
islets, but it was unique in this respect and must
consequently be regarded as fortuitcus., HNo 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
undergeing further enlargement at the time of the
enimal's death., The same statement is even
applicable to Rabbhit 2 in which active hyperplasia
of duets and islets was undoubtedly in progress when
the animel dled of acute pneumonia. Such a
- negative cbservation is in contrast with the
- frequency with which mitotic dlvisfon was observed
| by Richardson and Yaung (1938), Richardson {(1940)
- und Best, Campbell, Haist and Hem (1942) in the
islets of diabetic or refractory dogs. Mitotic

activity/
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activity in the dogs, however, was sssoclated with
degramlation and hydrops of the beta cells and
these degenerative phenomena may explain at least
in part the cccurrence of such urmsual mitotic
divisicn. On the other hand, no degenerative changes
were ever found in the islets of the present rabbitai
sc that the original aims of the research as stated
at the beginning were without success,

The increase of islet tissue in these rabbits
is interesting in relation to the changes described
in rats treated with anterior lobe extracts.
Anselmine, Herold and Hoffmann (1933) injected rats
for a few days with a watery extract of acetone-
dried fresh antericr pitultary glands and clalmed
that this procedure effected a marked increase in
the size and number of the pancreatic 1slets. They
based thelr cbservations regarding the size and
mmber of the islets merely on the microscopical
examination of sections of the pancreases which is
a method obviocusly conducive to faulty interpretation.
loreover, Richardson and Young (1937) were unable to
support Anselmino et al with regard to the action
of an extract prepared from acetons-dried material,
but nevertheless showed by using a quantitative
method for the assay of islet tissue that; when rata:
. were treated dally for between two and three weeks
with a saline extract of fresh anterior lobe, the

islet tissue was doubled., They could not state

from/
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from their method of assay, however, whether the
increase of islet tissue was due to an increase in
the size or number of the islets or both. The degree
of islet tissue increase in the present rabbits thus
uplicates that produced in rats by Richardson and
Young (1937) end further proves that the increase is
éue to hypertrophy of the islets and cccasionally
alsc to an increase in their number, HMarks and
Young (1939, 1940) subsequently proved that the
dally administration of a crude 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 Ycung (1937)
found that the fasting blocd sugar of their injected

rats remsined within normal renge and a similar

observation was made in some of the present rabbits

' after they had become refractory. Moreover, sugar

tolerance tests carried cut in the post-dlasbetic

stege were normal. Even when Rabbit 12 was

:Specially strained by using a 100 per cent glucose

sclutlion in the consecutive method, its sugar

; tolerance was of the ssme meagsure after as before the

E digbetic phase. The hyperplastic islet tissue, in

. other words, reacted merely to the required degree

and/
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and nc more, Nevertheless, the fact that it
repre=sented a greater quantity and source of insulin
readily explained how re-injection of refractory
rabbits falled to produce any further glycosuria.
This point has also been discussed by Best, Haist
and Ridout (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 decliding between these

alternatives must be given to the following facts,

- Flve of the present rabbits never excreted sugar and |

presumably therefore msintained more or less normal

i u 1 '{_!'I.r
blocd sugars and yet, while one exception, had islets

. the average weight of which was greater than that of

the islets of the contrecl series. Rabbit 2 was one

of these animals and besides having islets larger

f than the average showed a definite proliferation of

- 1ts panereatic ducts and a formation of entirely

new 1slets. Richardson and Young (1937}, moreover,
found in their rats that the extract which increased

the asmount of i1slet tiasue tc twice that of controls

| had 1ittle or no effect on the level of the bleood

| suger, Finally, Best, Campbell, Halst and Ham

{1942) noted that the simultenecus administration of

- anterior lobe extract and insulin tended to prevent

degenerative islet changes, but d'd not eliminate the
occurrence of mitotic figures, These combined

observations indicate that the increase of islet

tissue/
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tissue is not compensatory to any hyperglycaemia,
but probably due to the action of an independent
pancrectropic factor. Earks and Young (1940)
distinguish between the pancrectropic factor which
increases the amount of 1islet tissue and the insulin-
increasing factor which augments the quantity cof
extractable insulin, Since they are so closely

| related in action, these twec factors, however, may
falrly be assumed to be one and the same substance,
The pancreotropic factor on the basis of this and
cther investigations is thus spparently able to
stimalate (1) proliferation of the ducts of the
pancreas; (2) differentiation from the proliferated
ducts of new islets; (3) division of the islet
cells with resultant hypertrophy cf original islets;
and (4) formation of insulin by the islet tissue.

The foregolng suggests that the varlation in

the reaction of different species such as the dog,
rabbit and rat to disbetogenic anterlor lobe extract

. depends in part on the relative suacéptibility of

. the speclies to the diabetogenic and pancrectropic

| factors. Thus, the dog would appear to be highly

. susceptible to the diabetogenlc factor and only

' slightly to the pancreotropic substance., The result

| is that the dog almost always reacts with marked
hyperglycaemia and glycosuria and the islets

 endeavouring to compensate become degenerated and

'depleted of insulin [ Campbell, Keenan and Best.

(1939); Bost, Campbell and Haist (1939); Marks

Innd Young. (1939)] . The English rabbit is leas
affected/ '

= _,igé;_
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affected by the diabetogenic substance and more by

the pancreotropic factor. It consequently shows
glycosuriaz 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 pancrectropic
substance, The effect is that 1t practically never
excretes sugar and yet shows a marked increase in
the amcunt both of islet tissue and pancreatic
insulin,

That susceptibility to disbetogenic extract is

- elsc related in part to the originsl amount of

pencreatic islet tissue is suggested by the following

facts., Young (1941) fcound that puppies tolerste
doses of crude anterior lobe extract greatly in excess
of these required te produce glycosuris in adult

dogs without exhibiting any =igns of diaﬁates. Such

'a difference in susceptibility could be explained on

the ground that pupples have relatively more islet
tissue per kilogram of body weight than adult dogs

' and Ogilvie (1937) in support cf this pesesibility has

' shown that bhumen infants and adults have their islet

tissue gpportioned in this wey. Lukens and Ichan

(1942} using cets were able by partisl pancreatectomy

and subsequent extract trestment constantly to render

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

50 per cent of his cats glycosuric by extract alone.

I/



In this research, re-injection of rabbits which had
shown translitory disbetes with mcore than originally
effective amcunts 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
dlabetogenic and pancreatropic factors and in part
on the original amcunt of islet tissue and avallable
- insulin, This combination of influcnces, mcreover,
procbably explains the variable reacticn to
dlabetogeniec extract not oniy of different species
but alsc of different strains end different animels
of the same sirain,
The existence in ox anterior lobe extract of a
pancrectropic factor suggests that the human
- snterior hypcphysis may secrete a similer agent and
' a certzin emount of evidence, indeed, exists to
support this deduction, In the develcoping humen
pancreas, for example, the ducts according to Maximow
- and Blcom (1938) proliferate and differentlate into
acini and islets, The islets contimue to lncrease
in number until the third year of postnatal life and
growth of the islet tissue thereafter 1s effected

merely by hypertrophy of existing islets (Cgilvie,

'1937). These developmental features, as already
seen, are essentially pancreotropic effects and the

 deduction,/
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deduction, therefore, may reassonably be macde that a
pancreotropic factor 1is responélhla for thelr
production, It 1s alsc noteworthy that the
anterior lobe extract in English rabblts produced
hypertrephy of the islets much more commonly than an
increase in thelr number. The cells of the
existing islets, in other words, are more susceptible
to the proliferative action of the pancrsotropic
factor than the cells of the ducis. This difference
in susceptibility 12 perhaps natural since
differentiation of l1slets from ducts comes to an end

- a long time befcore the 1slets cease to hypertrophy

ané presumably is correspondingly difficult to bring |

- back into being aes a generative mechenism,

| Hypertrcphied islets also cccur in obese eubjecta.

(Opgilvie, 1933, 1935) and in disbetics (¥Warren, 1938),

- and Young (1941, 1942 A & B) teking it as an-

' dndlcation of pancrectropic hyperfunction has
incorporated this finding in a theory regarding the
etiology of chesity.

The dimimition of sugar tolerance during the
diabetic phase as demonstrated by both single and

| consecutive methods confirms the observations of

Houssay (1936) and Young (1932). The form of the
single tolerance curve cobtained during the diadbetic
phase means thet the islets dlscrerce sufficient

iinsulin to cope adequately with the injected glucocse

| daring the firat 20 minutes of the test, but that
the supply cof insulin thereafter rapidly and

‘progreaaively/
|
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progresalvely diminishes until only a very small
amcunt of secretion ls being passed out by the
islets. Again, the falling character of the
consecutive tolerance curve in the intact animal is
a sign that each dose of glucose successively
stimulates an increased secretion of insulin by the
islets and the rising curve obtained in the diabetic
snimal indicates conversely that each subsequent
dose of gluccse is followed by a diminished ocutput

of insulin. These deductions regarding the

secration of insulin in turn suggest twe observations

concerning the state of the i1slets. First, the
islets during the diabetic phase probably contain
less than thelir normsl samcunt of insulin. This idea
is supported by the fact that Young (1940) cbserved
a fall In the insulin content of the rabblit pancreas
efter extract trestment, This finding would st
first sppear to contradict what hss already baen
sald regarding an incresse in the amcunt of.ialet
tissue and presumably, therefore, of insulin in the
rabbit pancreas. The two siatements, howsver, are
compatible in that a fall of pancreatic insulin may
occur during the stapge of diabstes whoreas after

recovery from the digbatogenic factor a rise ia %o

- be antiecipated along with the increase in islet

tisane, Secondly, the lslets diring the dialetic
phase rust be grsatly deplsted in regard of thelr
ability tc mamufacturs and secrete insulin, Both

points/




points indicate that in attempting to overcome the
action of the disbetogenic factor the islets have
been reduced to a state of semi-exhaustion which,

in the absence of their susceptibility to the

- pancrectropic factor, might have ended in severe

degenerative changes as in the dog. HNevertheless,
the fact that normal sugar tolerance curves were

obtsined by both single and consecutive methods

- three weeks after the Glebetic phase 18 evidence

¢f ultimate complete functional recovery of the

islets. 1t 1s noteworthy that the sugar tolerance

- of twoe rabblts as determined during the first two

days of the post-dlabetie perlod was diminishsd,
Recovery of the islets cannot, therefore, colincide

with the cessation of glycosurlia, but must be a

. relatively gradual process requlring several days.

| The significance of a normel suger tolerance curve

in the presence cof an increased guantity of islet

tissus has slready been menticned in relation toc the

| rate of secretion of insulin by the hyperplastic

tissue,

The diminished sensitivity tc the hypoglycaemic

action of insulin such as was observed curing the
Glabetic phease in several animels conflrms the
findings of Housaay and Potick (1929), Bemedetto
(1933), Cope and Marks (1935) and Young (1938 B).

The degree of insensitivity was varlable, It was

- occaslonally absolute, but on the average such that

insulin/
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insulin was at least four times less effective in
lowering the blccd sugar cf the diabetic compared
with the intact animal, The three 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
actlvity of anterlor lobe extracts according to
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 pericd between the beginning

. of extract treatment and the develorment of
glycosuria, These cbservations together indicate

| that diminution in the hypoglycasemic action of

insulin is not an effect of any diabetogenic factor
in the extract. Young (1938 B) has found that the
responsible agent 1s also not identical with
prolactin or with the thyrotropic or gonadotropic
hormones and has suggested (Young, 1936) that it be
known as the glyeccotrcple factor. This factcr, he
believes, is the direct antagonist of insulin,

Since insulin has a three-fold action'in that it

| inhibits the formation of sugar from glycogen in

the liver, facllitates the synthesia of glycogen
from sugar in the muscles, and stimulates the
oxidation of sugar by the peripheral tissues E Cori,
Cori and Goltz (1923); Cori (1931); Best, Iale,

' Hcet and Marks (1926)3 s the glycotropic factor

must, therefore, be regarded as having functions of

an/
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an opposite nature.

The fact that ketonuria occurred in sbout 70
per cent of the present animals agrees with the
frequency with which Young (1938 A) observed the
same phencmenon in his rabbits., Ketonuria resembled
glycosuria in that it developed on the average on the
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 hslf that of the glycosuria so
that the ketones had disappeared from the urine
shortly before the glycosuria had reached its pesk.
The transitoriness of the ketonuria indicates just
as in the case of the glyccsuria that the animals
developed a resistance to the mechanism whereby the

extract effects the excessive production of ketones

in the blocod and the fact that re-injected animals

falled to show any further ketcmuria proves that

- within the scope of these experiments such

- refractoriness is permanent, The development of

resistance to the ketogenlie asction of anterior

. pituitary extract has alsc been noted in rats by
- Black, Collip and Thomson (1934). On the cther hand,

Young (1939) in permanently diabetic dogs observed

a progressive increase in ketcmuria over periocds

of a year or more. The English rabbit and the dog |
thus differ markedly in that whereas the rabblt
acquires permanent resistance to both the diabeto-

genic and ketogenic actions of the extract, the dog

' under/
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under intensive treatment fails in both of these

respects, Three of the rabblts in this
investigation excreted more than 1,00C mg, and six

| rabbits more than 5CC mg, cof total ketones per

| 24 hr, These amcunts ccmpared with normal ketcne

i excretion in the English rabbit indicate a

. substantially increased ketonuria end contrast

| with the statement by Young (1938 A) that the
ketonuria in his rabbits was never very striking.

jﬂpart from the rabhbit, ketomuria has bsen produced
by antericr pltuitary extracts in the rat E: Burn
and Ling (1930); Best and Campbell (1938);

' Gray (1938); Shipley and Long (19&)] » dog

![rﬁietti (1934) 3 Young (1937, 1938 k[] » guinea

‘pig [Best and Campbell (1938) ; Young (1938 A))

iand cat { Young, 1938 A). No agreement exists

lat the moment regarding the mechanism whereby

‘anterior pituitary extract stimulates ketogenesis.

Thus, Black, Collip and Thomson (1934) attribute

ithe prhenomencn to a speecific ketcgenic factor in the

extract, while Shipley and Long (1938) believe that

1t 1s due tc the inhlbitory action of the extract
‘on carbchydrate and protein catabolism,

i The frequency of oliguria and the moderate

idegree of pclyuria even in those rabbits exhibiting

a2 urinary incresse were ncteworthy findings. The
ioliguria occurred despite considerable simultaneous

iglycosuria and polyuria was associated with

|
glycosuria in only four animals. Such cbservations

iconrirm/
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confirm the results of Young (1938 A), but are not in
agreement with those of 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
fluctuaticns. Thus, the oliguria occurring
immediately after the start of treatment was always
assoclated with a reduced food consumption, while the
subsequent excretion of a normal or excessive amount
of urine was acccmpanied by a corresponding increase
in the inteke of fcod. Young (1938 A) noted a
similar dminution in the food consumption of his

| rabbits.

CONCLUSIONS,

(1) Twenty-eight rabbits of which twenty-seven
- were English and one Dutehrecelved daily |
- subcutanecus or intraperitoneal treatment with a !
- erude saline extract of fresh ox anterior pitultary
! gland,
(2) Eighteen rabbits showed both glycosuria
and ketomuiria, five glycosuria only, two ketcmurla
only, and three neither glycosuris nor ketomuria.
(3) Both glycosurla and ketomuria were
transitory despite intensive therapy and later
treatment failed to produce any further phase of
either phencmenon,
(4) Sugar tolerance gnd insulin sensitivity

were definitely decreassed during the diabetlc phase,

but/
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but both tests were thereafter within normal range.

(5) The injected rabbits had approximately
twice the welght of islet tissue compared with
controls. This increase was due tc a hypertrophy
cf the islets to asbout twice their original weight,
while the number of lslets remained constant. One
rabbit was an exception in that the pancreas also
showed a proliferation of its small ducts and a
differentiastion therefrom ¢f entirely new islets,

(6) Crude enterior lobe extract haes diasbetogenic,
pancreotropiec, glycotropic and ketogenic actions.

The incidence of experimental pitultary diabetes
depends partly on the original emount of islet tissue
and partly on relative species, strain and individual
' susceptibility to the diabetogenic and pancreotropic
' actions,

(7) ﬁrine volume as a result of extract
treatment is usually diminlished at first and later
elther normal or moderately increased, The
variations in urine volume are cdue tc corresponding

changes in food consumption.
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Rabbit 1. (Male)
Inte. Body Urine Urine Total Urine Total A.P.E,
Weight Velume Sugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
g.% per 24 hr, mg.¥  per 24 hr,
in 8. in mg.

9.5,40 1828 85 - - - - -

11.5.40 1814 110 - - - - -

12,5.4¢C 1842 103 - - - - -

13.5.40 1817 100 - - - - -

14,5.40 1842 108 - - - - -

15.5.40 1857 145 - = - - 0.5 g. per kg.
1.9 cec)

16,5,40 1814 86 - o - - 0.5 g. per kg.
(1.9cc.)

17,56.40 ig71 105 - - - - 0.5 g. per kg.
(1.9 ce.)

18,5,40 1871 30 - - - - C.5 g. per kg.
(1.9 cc.)

19,5,40 1814 60 - - - - 0.5 g. per kg.
(1.9 cec.)

2,5,40 1814 61 - - o - 1 g. per kg.
(3.6 cc.)

21,5,40 1814 21 - - - - 1 g. per kg.
(3.6 cc.)

22.5,40 1871 51 - - - - 1 g. per kg.
(3.8 cc.)

28.5,40 1814 123 - - - - 1 g. per kg.
(3.6 ce.)

24,5.40 1817 53 - - - - 1 g. per kg.
(3.8 ce.)

25,5,40 1899 83 . - - o, 1 g. per kg.
(3.8 cc.)

26,5,40 1871 155 - - - .. 1 g. per kg.
(3.8 ce.)



T
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49 174,
[ate. Boaoy Urine Urine Total Urine Total A.P.E,
Welght Volume Sugar Urine Ketones Urine
in g. in cec. in Sugar in Ketones
g.% per 24 nr. mg.%  per 2¢ hr,
in g, in mg.

27.5,40 1814 8 - - - o 1.5 g. per kg.
(5.4 cc.)

28,.5,40 1785 72 - - - - 1.5 g. per kg.
5.4 cc.)

29,5.40 1842 17C - - - - " 1.5 g. per kg.
(5.7 ce.)

30,5,4C 1700 107 - - - - 1.5 g. per kg.
(5.2 cc.)

31,5,40 170C 90 - - - - 1.5 g. per kg.
(5.2 cec.)
(6.2 cc.)

2,6,40 170C 146 - - = = -

3,6.40 1700 95 - - - - -

4,6,40 1687 88 - - - - 2 g. per kg.
(6.4 cc.)

5.6,40 1830 113 - - - - 2 g. per kg.
(6.4 cc.)

6.6.40 1516 69 - - o - 2 g. per kg.
(6.4cc.)

7.6,40 1530 92 - - - KILLED (PERITONITIS)
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Rabbit 2. (Female)
late Body Urine Urine Total Urine Total A.P.E.
Welght Volume Sugar Urine Ketones Urine
in g. in ce. 1in Sugar in Ketones
g.% per 24 hr, mg.% per 24 hr,
in g. in mg.
22.6,40 1899 185 - - - - -
23.6.40 1871 185 - - - s I
24,6.40 1842 198 o - - s 5
25.6,40 1871 150 - - - # 1 g. per kg.
(3.8 cec)
26.6.40 1871 127 - - . - 1 g. per kg.
(3.8 cc.)
27.6,40 1885 150 - - - - 1l g. per kg.
(3.8 cc.)
' (3.8 ce.)
. .{7.2 cc,)
0.6.40 1814 278 - - = = -
(5.4 cc.)
~ (5.4 ce.)
(5.4 cc.)
4,740 1700 238 o = - - 1.5 g. per kg.
(5.2 ce.)
57.40 1700 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 297 - : = - - .
- B.T40 1530 259 - - KILLED (Ac. Bronchopneumonia),
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Rabbit 3. (Female)
[ate. Body Urine Urine Total Urine Toctal A.P.E.
Welght Vclume Sugar Urine Ketones Urine
in g. in ce. in Sugar in Eetones
g. % per 24 hr, mr. % per 24 hr,
in g. in mg.
2,7.40 16156 138 - - - - -
3.7.40 1687 158 - = = # -
4,7.40 1573 152 B - - - -
5,7.40 1615 a9 - - - - -
7.7.40 1644 183 - - - - -
8,7.40 1644 128 - = - - =~
f
9.7.40 1700 170 -~ - - - -
10.7,.40 1644 149 - - - - -
11.7.40 1700 190 - - - - 1 g. per kg.
(3.4 cec.)
12,7.40 1644 194 - - - - 1 g. per kg.
(3.4 cc.)
3
13.7.40 170C 118 - - - - 2 g. per kg.
6.8 cc.)
14,7,4¢0 1700 157 - ” - - -
15,7.40 1872 174 - - w - 1 g. per kg.
16.7.40 1700 133  ©.05 0.086 - - 1 g. per kg.
(3.4 cc.)
TIED (Peritonitis).
:
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Rebbit 4. (Male) .
Iste. Body Urine Urine Total Urine Total A.P.E, |
: Weight Volume Sugar Urine Ketcones Urine
in g. 1in cc. in Sugar in Ketones
g.% per 24 hr. mg. % per 24 hr,
in g, in mg.
14,7.40 1502 85 - - - - -
15.7.4C 1473 162 - - - - -
16.7.40 1473 130 - - - = =
18.7.40 1530 141 - - = - -
| 19.7.40 1530 122 = " - - 1 g. per kg.
; (3.1 cec.)
20,7.40 1530 153 - - - - 2 g. per kg.
: (6.2 cec.) ;
i
21.7.40 153 132 - - o - - :
L \
[ 22,7.40 1530 137 : 5 = - 1 g. per kg. |
' 3.1 cc,)
23.7.40 1530 58 - - - - lg. per kg. ‘
: (acl QC.) |
24,7.40 1544 146 - - - - 1 g. per kg. |
(3.1 cec.) ‘
(4.8 cc.) '
| 26.7.40 1887 107 & - - - 1.5 g, per kg.
(4.8 cc,)
27,9.40 5173 147 - 5 - - 2 x 1.5 g. per kg.
(9.6 cc.)
28.7.40 1687 122 - - - - -
2.7.40 1643 132 - - - - 1.5 g. per kg.
A (4.8 cc.)
0.7.40 1700 113 - - - . o 1.5 g. per kg.
(4.8 cc.)
8.7,40 1643 195 “ - - - 2 g. per kg.
= (6.4 cc)
- 1.8.40/
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Late. Body Urine Urine Total Urine Total A.P.E,
Welght Velume Sugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
g.% per 24 hr, mg.% per 24 hr,
in g. in ng.
1.8.40 1729 120 - - - . 2 g. per kg.
_ 6.4 cc.)
2.8,40 17¢C 135 - - = & 2 g. per kg.
6.4 cc.)
3.8.40 1587 274 - - - - 2 x 2 g. per kg.
(12.8 cc.)
4,8,40 1587 85 - # = - "
5.8.40 1537 270 - - - = 2 . par" kgo
e (6.4 cc.)
6.8,40 1587 252 - - - - 2 g. per kg.
14 (6.4 cc.)
798.40 15& 160 - - - - 2.5 g. per‘ kg.
(7.6 cc,)
[ 8.8.40 1473 73 - - - DIED (Exhaustion)
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Rabbit 5., (Ferale)

B U

Body Urine - Blecd Urine Total Urine Total AP.E,
Yelght Vclume Sugar Sugar rine Kotones Urine
in g. 1in ce. in in Sugar in Ketones
mg, ¥ g. % per 24 hr, mg. % per 24 hr,
in g. in mg.
17CC 165 - - - - i -
1729 168 - - - - -
1757 183 - - - - - -
1757 199 - - - - - -
1757 265 - - - - - -
1789 188 182 - - - - -
175% 164 - - - - - 1 g. per kg.
( 3.6 co.)
1814 167 158 - - - - 2 x1 g, per kg.
( 7.2 ce.)
1785 118 - - - = - =
1842 15C - - - - - 1l g. per kg.
' ( Suﬂ Cc.}
8.40 1842 187 = - - “ - 1 g. per kg.
; { 3.8 cc.)
8,40 1814 212 - 0.05 c.1 - - 1 g. per kg. _
( 3.6 cc- ]
ﬁﬁ&ﬁ 1871 15¢C - 0.1 c.2 - - 1.5 g. per kg.
P ( 5,7 cc,)
18:40 1899 148 - .1 0.2 . - 1.5 g, per kg.
. { B.7 ce.)
8,40 1885 180 166 0.2 0.5 - - 2x1,6 g. per kg.
( 11.4 cc.)
8,40 1814 225 - ¢.08 0.1 " = -
138 - (..1 6.2 - e -105 ga pel‘ kg-
( 5.4 cc.)
136 - 0.2 0.2 - - 1.5 g, per kg.

55.4 ceL )




55. 180.

Urine Blocd Urine ¥Tctal ipine Total A.P.E,
Vclume Suger Supar Urine Ketones Urine
in ce, in in Supar in Ketcnes
mg. % g.% per 24 hr, mg.% per 24 hr.
in g, in mg.
2C8 - 0.5 1.0 - - 2 g. per kg,
' (7.2 ce,)
145 - C.4 C.6 - - 2 g. per kg,
(7.4 cc.j
156 232 2.0 3.1 - Lo 2 8. per kg,
(7.4 cec,)
188 - Sel 5.8 - - 2 g. per kg.
( 7.3 cc.)
166 - 3.0 5.0 - - 2.5 g. per kg.
(9.0 ce.
213 - 0.6 1.4 - - 2.5 . per kg.
(2.0 cc,)
230 - 0.7 1.5 i - &

257 25 - - - KILLED,
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Rabbit 6. (Female)
[ate. Body Urine Uprine Tctal Urine Total A.P.E.
) Welght Volume Sugar Urine Ketones Urine
in g. in ce, in Sugar in Ketones
g. % per 24 hr, mg.% per 2¢ hr,
in g. in mg.

20.9.40 2041 139 - - - - -

21.9.4C 2027 202 - - ” - -

22.9.4C 2041 93 - - = % i

23,9.40 1998 240 - - - - ia

24,9,40 2069 27¢ - - - - =

25.9,.40 2041 220 - - - = =

26.9.40 2097 142 - - - - En

27.9,40 1984 14C - - - - -

28.9.4C 2012 101 - - - ~- =

29.9,4¢C 2041 191 - - - - -

1 3%0.9.40 2085 81 - : - - -

4 ce,)

2,10,40 2097 100 - - - - 1 g. per kg.
(4.2 ce.)

3010040 1984 115 - - - - 1 E. per kg.
(4 cc.)

4,10,40 1927 64 - - - - 1 g. per kg.
(3.8 ce.)

5,10,40 1998 134 - - - - 2 x1 g.per kg.
(8 ec.)

6010.40 - 34 - - + + -

7.10,40 1927 140 - = & - 1.5 g. per kg.
(5.8 cc.)

8,10.40 1984 76 - - + + 1.5 g. per kg.
(6 cc.)

9.10,40 1927 95 = s . - 1.5 g. per kg.

A (B.7 ¢¢c,)
10.10,40 1927 110 - - - - 1.5 g. per kg.
: (5.7 ec.)
11.10,40 1899 95 - 2 = - 1.5 g. per kg.

(5.7 ec.)
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Late. Body Urine Urine Total Urine  Total A.P.E,
Welght Volume Sugar Urine Ketones Urine
in g. in ec, in Sugar in setones
: g. % per 24 hr, mg.% per 24 hr.
in g in mg.
12,10,40 1927 112 - - - - 2 x 2.0 g.per kg.
(15.2cc).
13,10.40 1814 149 - o o - -
14,10,40 1842 172 - w - - 2.0 g. per kg.
7.2 cc,)
15,10,40 1899 178 - - - - 2,0 g. perkg.
(7.6 cc,)
16.10,40 1956 85 - - - - 2.0 g, per kg.
( 8 cc.)
17,10.40 1729 340 - - - - 2.5 g. per kg.
(9.0 ecc.)
18,10,40 1714 392 B - - - 2.5 g. per kg.
(8,6 cc.)
19.10.,40 1757 289 - - - - 2 x 2.5 g. per kg.
_ (18 cc.)
20,10,.40 - 580 - - - - -
21.1C,40 1743 134 - - - - -
22,10,40 15858 360 - - - - KILLED,

e ——



Rabbit 7. (¥ale)
| Iste. ScCy Urine Urine Total Urine Tctal A.P.E,
Welght Vclume Sugar Urine Ketcnea Upine
, in g. in cc., in Sugar in Ketones
! o. % per 24 hr, mpg. % per 24 hr,
l in g. in mg,
19,10.40. 1771 236 - - - - ..
20,106,490 1778 196 - . . = =
01,10.40 1785 101 - % N - -
£2,10,4C 1799 258 " - " . "
. 93,10,4C 1806 147 - o - = -
3 24,10,40 1785 20¢ = - Blank = 20 N -
96,10,40 1771 120 - 2 & N '
| 97,10.40 1793 200 - - - " W
, 28.10.40 1814 139 > - = - .
- 29,16,4C 1785 191 - - - - 1.C g. per kg.
(3.6 cc.)
3.10,40 1857 151 - = & » 1.C g, per kg.
(3.8 ce.)
8,10,4C 1842 11C - o - - 1.0 g, per kg.
(3.8 cec.)
1,11,40 1871 7e - - - - 1.0 g, per kg,
: (3.8 ce,)
F 211.4c 1871 144 B - - - 2.5 g, per kg.
' (9.6 cc,)
" Salde - 74 " iz . . ”
411,40 1842 141 3 ~ . - 1.5 g. per kg.
(5.8 ce. )
%11.4¢ 1814 91 - < 106 91 1.5 g. per kg.
: (5.4 ce.)
611,40 1814 125 .1 0,1 154 168 1.5 g. per kg.
| = (B.4 cc.}
L0 1842 121 3.0 3.6 109 132 2.0 g. per kg.
_ (7.6 cc.)
801,40 1gap 133 5.5 7eB 154 205 2.0 g. per kg.

80k has not been deducted from either percentage or
1 ketones.

(7.6 cc.j
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59. 184. 1.
Bedy Urine Urine Total Urine Total A.P.E, |
weilght Volume Sugar Urine Ketcnes Urine
#- in g. in cc. in Sugar in Ketones
g.% per 24 hr, mg. % per 24 hr.
in g. in mg.
§ o.11.40c 1T 172 0.8 1.4 . x: 2,0 g. per kg. !
(7.6 ce,)
10,11.4¢ - 183 v.1 0.2 - - 2,0 z, per kg.
- (7.6 cc,)
11,11.40 1871 233 .1 0.2 - - 2.5 g. per kg.
- (9.5 ce. )
| 1p.11.40 1871 248 ¢.1 0.1 b - 2,45 g, per k.
'_ (9-1 cct) i
13,11,40 1842 198 " - & " u ;‘
o |

' 14,11.406 1814 145 0.2 G.2 Y = "

SUGAR TOLERARCE

CCHESECUTIVE METHOL,

Blcecd Sugar in mg, per cent,

- e

Fasting.|5 min, | 28 min,| 35 min, | 58 min,|65 min, | 88 min,| 85 min.|118m.

110 274 163 2%¢C 151 264 133 254 160

98 218 154 231 156 313 169 349 170
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Rabbit 8. (Male)

4 Tate. Body Urine Urine Total Urina Total A.P.E,
Welght Vclume Sugar Urine KEetones Urine
in g. in ec. 4in Sugar in Ketones
g.% per 24 hr, mg.%  per 24 hr.
in g, in mg.
12,11.40 2260 96 - - = - &
13,11.40 2239 239 - - -~ S -
*

15,11,40 2239 180 - - o = &

16,11,.40 2239 204 - - - - -
¢ 17.11.40 - 228 - & - & -
18,11.40 2183 194 = - = = &
19,11.40 2154 174 = - - - -
20,11,.40 2154 i8% - = - = @
21,11,40 2211 176 , - - - 1.0 g. per kg.
) (4,4 cc.)
22,11,40 2211 170 " - o - 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.)
2,11.40 - 23 0.20 0.05 294 €8 -
25,11.40 2097 28 c.08 ¢0.02 106 30 1.0 g. per kg.
{ (4.2 cc.)
26,11,.40 2097 32 0,08 0.02 99 32 =
ED,

* Blank has been dedacted from both percentage and total ketones.
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Rabbit 9.
[ate. Body Urine Urine Total Total A.P.E,
Welght Volume Sugar Urine Ketones Urine
in g. in cc, in Sugar Ketones
g.% per 24 hr, mg.% per 24 hr,
in g. in mg.
27,11,40 1615 138 - . - a
98,11.40 1587 208 - % .. 5
29,11,40 1615 178 - - - -
3%,11.40 1558 148 . - - &
2,12.40 1558 194 - £ - .
312,40 1615 164 - . . -
' 4,02,20 1643 169 - i - 1.0 g, per kg.
(3.2 cc.)
5.12,40 1757 108 - - - 1.C g. per kg.
- (3.6 cc.)
612,40 1729 143 - » “ 1.0 g. per kg.
(3.4 cc.)
712,40 1643 230 - - - 2 x 1,0 g. per kg.
(6.4 cc.)
8.12,40 - 50 - = 5 -
9.12.40 le72 120 - - - 1.5 g. per kg.
(6.2 ce.)
10,12,40 1700 128 - - - 1.5 g. per kg.
(5.2 cc.)
11.12,40 1729 181 - - - 1.5 g. per kg.
(5.2 ce.)
12,12,40 1729 170 C.3 0.6 - 1.5 g, per kg.
(5.2 cc.)
13.12.40 1700 3 - - - 1.5 g. per kg.
(6.2 cc.)
| 412,40 1785 169 0.4 0.6 - 2.0 g. per kg.
(7.2 ce.)
; 15,12,40 - 180 0.3 0.6 o -
1757 265 - - - 2.0 g. per kg.

(6.8 cc.)

—



62. 187.
Iate. Body Urine Urine Total Urine Total A.P.E,
, Weight Volume Sugar Urine Ketones Urine
: in g. in cec. in Sugar in Ketones
-- g.% per 24 hr, mg.% per 24 hr,
in g in mg.
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 B - 2.0 g. per kg.
; (7.2 ce.)
20,12.40 1785 232 6.6 156.3 - - 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 o - 2.5 8. per kg.
(9 ce,)
)
| 23,12,40 1814 217 - - - - 2.5 g. per kg.
(9 cc.)
24,12,40 1799 201 % . " - 2.5 g. per kg.
9 cc.)
26.12,40 1806 209 - - - - =
| 26,12,40 1785 218 - - - - -
27.12,40 1785 182 - e - EILLED,
SUGAR TOLERANCE CURVE :
CONSECUTIVE METHOD,
fa 7 Blood Sugar in mg. per cent.
i Fasting| 5 min. | 28min.| 35min.| 58min.| 65min.| 88 min, 98&in. 118min,
A@?-fo 10 | =214 147 | 239 156 | 264 | 165 | 266 174




ﬂ4 63, 188.

Rabbit 10. (Pemale)
Late. Body Urine Urine Total Urine Total A.P.E,
Welght Volume Sugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr,
: in g. in mg.
31,12,40 1814 152 - - - - -
1,1.41 1814 180 - - - - "
: *
4,1.41 1871 170 - - - p *
5.1041 = 185 e - i - -
5.1.41 1956 175 - - i - -
7.1.41 1927 181 - - = - =
Bn1.41 1956 122 - - o - R
9,1,41 1984 131 - - - - 1.0 g, per kg.
e _ (4 cc.)
10,1.41 1984 109 - - - - 1.0 g. per kg.
(2 cc.)
11.1,41 1927 110 - - - - 2 x 1.0 g. per kg.
(7.6 cc,)
12,1,41 - B3 - - 12 10 -
13.1,41 1956 106 - - - - 1.0 g. per kg.
(3.8 cc.)
14,1,41 1871 80 0.7 0.6 i0 8 1.5 g. per kg.
(5.8 cec,)
16.1.41 1871 65 1.8 1.2 184 120 1.5 g. per kg.
(5.8 cc.)
16.1,41 1842 101 3.7 3.7 539 544 1.5 g. per kg.
(6.8 cc.)
\7.1,41 1757 60 6.7 4,0 159 95 1.5 g. per kg.
: (6.4 cc.)
8.1.41 1814 80 2.0 1.6 131 105 1.5 g. per kg.
(5.4 ec.)
9.4 S 2.8 3.0 54 57 1.5 g. per kg.
(5.4 ec.)
.4 1871 129 3.3 4.3 - - 2.0 g. per kg.
#*
.Blank has been deducted from both percentage and total (7.6 cc.)




‘_’f__ — - it ——— e — e _._._é.‘_i._.___. T — s e e e i T

189.

[ate. Body Urine Urine Total Urine Total A.P.E.
Weight Volume Sugar Yrine Ketones Urine
in g. in ce. in Sugar in Ketones
g.% per 24 hr. mg. % per 24 hr,
in g. in mg.

21.1.41 1899 110 1.9 2.1 - - 2.0 g. per kg.
(7.6 cc.)

02,1.41 1927 146 2.3 3.4 - - 2.0 g. per kg.
(7.6 ce.)

23.1.41 1927 114 0.9 1.0 - - 2.0 g. per kg.
(7.6 ce.)

24,1.41 1814 143 - - s - -

25.1.,41 1530 190 - - ” - s

26,1,41 - 140 % - _ i _

27.1,41 1643 72 - - - - -

28,1.41 17C0 47 - - - = -

2.1,41 1700 143 - - - - -

30.1,41 1729 110 - - - - "

dl,1.41 1787 90 - - - - »

1,2,41 1787 66 - - - - -

2.2,41 - 116 - - - - -

3. 2,41 1814 73 - - - - -

4,2.41 1785 196 = - - - | 0

5,2,41 1814 185 - - - - -

6.2,41 1814 115 - - - - -

7.2,41 1814 147 - - - - -

8.2,41 1871 84 - - - - -

9,2.41 - 169 - - ~ = &

10,2,41 187 111 - - - - -

1.2.41 1871 169 < - & “ -

12,2,41 1814 134 - - = F -

15.2,41 187 116 - - - - =

42,41 1814 88 = % - = .




65, 190,
Late. Body Urine Urine Total Urine Total A.P.E,
Welght Volume Sugsr Urine Ketones Urine
in g. In ce, in Sugar in Ketones
2. % per 24 hr, mg. % per 24 hr,
in g. in mg.

15.2,41 1899 83 - = - - "

16.2.41 - 158 - - - - -

17.2.,41 1956 160 - - - - -

18,2.41 1984 117 - P - = .

19.2.41 1984 197 - - & 2 "

20,2.41 1956 180 - - ” - -

21.20*1 1984 156 - - - - - 1.0 g. per kg.
(4 cc.)

22,2,41 2041 95 - - - - 2 x 1,0 g, per kg,
(8 cec.)

95.2.41 - 10C = = = - =

24,2,41 2055 96 - - - - 1.0 g. per kg.
(4 cc.)
{4.2 cc.)

26.2,41 2083 152 - - - - 1.5 g. per kg.
(6.4 cc.)
(6.4 cc,)

%8,2,41 2097 228 - - - - 1.5 g. per kg.
(6. 4 cc.)

1,5.4) 2069 136 & - - - 1.5 g. per kg.
(6.4 cc,)

2.3.41 - 162 - - = - 1-5 g. pBI’ kg.

. : (6.4 cc.)
3.3.41 1984 23 o = = L IED.



F/ A e e o T DR i E._________ SR TR T e

SUGAR TOLERANCE CURVE, (Rabbit 10)

CONSECUTIVE METHCOL,

Bloocd Sugar in mg. per cent.

" | Fasting smin.| oemin. somin. Somin.| eomin. 88min.| 95min. | li8min.
L4 150 | zes | 208 | 224 13 189 16 | 20 172
a| 190 | 9| 236  ss0 | 255 se0| mez | 48 | ae
041 | 122 | 2e2| 192 | e | 1m 23| 144 | 288 140

|
i i 4 i
= [}




i 0"

Rabbit 11. (Female)
l Iate. Beody Urine Urine Total Urine Total A.P.E.
Weight Voiume Sugar Urine Ketones Urine
in g. in cc., in Sugar in Ketones
g.% per 24 hr, mg. % per 24 hr,
in g. in mg.
15.1.41 1766 63 - 3 - - ,
16.1.41 1672 140 - . 5 L 5
17,1.41 1643 130 - - - - &
18,1,41 1643 111 - - Blank = 407 - .
19.1.41 - 135 - - - -t e
20.1.41 1760 118 - - - - -
2l,1.41 1700 146 - - - - -
22,1,41 1700 151 - o - L o
23.1.41 17060 G4 - - - - o
25.1,41 1729 142 " = - - -
27.1.41 1729 96 - - - - -
28.1,41 1700 72 - - - o -
29,1,41 1729 100 - ” - - 1.0 g, per kg.
(3.4 cc.)
30,1,41 170C 38 - - - - 1.0 g. per kg.
' (3.4 cc,)
- d.1.41 1706 58 - - - - 1.0 g. per kg.
: (3.4 cc.)
1,2,41 17¢¢C 20 - - - - 2 x 1 g.per kg.
St ' 61 - - 124 51 - |
3.2.41 1787 170 - - - > 1.5 g. per kg.
f 5.4 cc.)
i} 24 1757 136 7.7  10.5 129 121 1.5 g. per kg.
(5.4 cc,)
241  17s7 157 9.4  14.8 232 201 1.5 g. per ka.
(5,4 cc.)

* Blank has been deducted from total, but not from percentage
~ ketones,



r-—-l - 6a. 193,
[ste. Body Urine Urine Wetal Urine Total AP .E.
weight Volume Sugar Urine Ketones Urine
| in gz. in ce. in Sugar in Eetones
~.® per 24 hr, mg. % per 24 hv,
in g. in mg.
6.2,41 1787 128 6.0 7.8 527 609 1.5 g. per kg.
(5.4 ec.)
7,2.,41 1700 63 5.3 3.3 701 404 1.5 g. per kg.
(5.4 cc.)
8.2,41 1729 80 5.0 4.0 86 37 1.5 g. per kg.
(5.4 cc.)
(5.4 cc.)
10,2.41 1785 108 7.0 7.4 30 - 1.5 g. per kg.
i (8.4 ce.)
11.2.41 17856 138 5.5 B.,6 - - 1.5 g. per kg.
(5.4 ce.)
12,2.41 1814 i52 2.8 4.3 - - 1.5 g. per kg.
, (5.4 ce.)
13.2,41 1787 1186 3.0 S B - - 1.5 g. per kg.
(5.4 ecc.)
14,2,41 1871 51 1.1 C.86 - - 1.5 g. per kg.
(5.8 cec.)
15,2,41 1787 i81 0.9 1.6 - - 1.5 g. per kg.
(6.4 cc,)
16,2,41 - 127 0.04 €.1 - - 1.5 g. per kg.
. (5.4 cc.)
17,2,41 1814 87 0.5 0.4 - - 1.6 g, per kg.
: (5.4 ce,)
18,2,41 1814 111 - - - - 2.0 g. per kg,
p Sk (7.2 cc.)
19,2.41 1814 128 - - - - 2.0 g. per kg.
: (7.2 ce.)
0,2,41 1814 139 - - - - 2.0 g. per kg.
: (7.2 cc.)
4.2,41 1700 35 E = - - -
| R2,a 174 260 " - - - -
: 23.2.41 = 143 - L i - =
| %24 1602 88 - - - - -




H!” i 69, 194,

late. EBocdy Urine Urine Totsal Urine Teotal A.P.E,

Vielght Velume Sugar Urine Ketones Urine

in g. in cc, in Sugar in Ketcones

g. 5% per 24 hr, mg. % per 24 hr.

_ in g. in mg.
25,2,41 1629 76 - - - - o
26.2,41 1643 €0 - % - . -
27.2.41 1587 43 - - - = I
28,2.41 1587 35 - - ” - -

13.3. 41 KILLED,

SUGAR TOLERANCE CURVE:

CONSECUTIVE METHOD,

hte, Blood Suger in mg. per cent

o

Fasting | Smin. 28!!!1!1.] 35min, | 68min, | 65min.| 88min, | 95min, | 118min,

L4 | 129 |282 | 212 345 224 351 | 230 363 | 224

41 171 | 306 | 252 395 311 as2 | 208 513 345

d.41 119 268 183 315 199 319 203 306 172




- 70. g e S 193__'“:*

Rabbit 12, (Female)
Iate. Sody Urine Urine Total Urine rotal AP.E,
Weight Volume Sugar Urine ketones Urine
in g. in ce, in Sugar in Ketones
2. % per 24 hr. mg.% per 24 hr,
in g. in mg.
05,2.41 2187 210 - = - = —
26.2.&1 22‘3’9 1‘?2 - - - - -
o, 2,41 2253 181 " -  Blank » 14% o @
28,2.41 2211 180 - - o = "
1.3.41 2168 191 " " - " .
2-3-41 - ll - - - - -
3,3.41 2183 232 - - - - -

. 4.3.41 2211 130 - - - - -
5,3.41 2126 124 - " » - =
6,3.41 2154 72 - - - - 1.0 g. per kg.

. (4.2 cc.)
1.3.41 2211 50 - - - - 1.0 g. per kg.
(4.4 ccj.
(8.8 cec.)

9.3.41 .. a0 = = = - .
10.3.41 2211 174 2.0 3.5 - - 1.0 g, per kg.
(4.4 cec.)
11,3.41 2267 68 5.8 4,0 380 215 1.5 g. per kg.
(6.8 cec,)
123,41 2211 66 2.3 1.5 798 518 1.5 g. per kg.

: (6,4 cc.)

13.2,41 2230 67 1.8 1.2 413 267 1.5 g. per kg.
(8.6 cc,)

14,3, 2267 75 2,0 1.5 985 728 1.5 g. per kg.
(6.8 cc.)

8,3,41 2211 102 1.2 1.2 1047 1.5 g, per kg.
: : L0 (6.4 cc,)

m_ﬂ_nk has been deducted from total, but not from percentage
ketones,



F 75 _ . _ 196.

Iate. Body Urine Urine Totel Urine Total AP.RE.
[P Telickt Volume Suger Urine Ketcnes TUrine
1 in g. in cc. In Supgar in Fotcnes
z. % per 24 hr, ng.% per 24 hr,
in g. in ng.
16, 3. - 87 0.7 0.5 o8 56 2.0 g, per kg.
i (8.8 ce.)
: ' 29 131 0.2 0,3 58 58 2.0 g, per kg.
1?‘:5‘41 22 ] Q(B.a cc.)
.. 2211 12¢C - - 20 K | 2,0 g. per kg.
S ' (8.8 cc.)
~' 2211 - 128 - - - - 2.0 g, per kg,
19,3,41 i 158 oo
20, 3e41 226 oo
7 4 2295 125 - - - - 2.5 g. per kg.
i (11.2 cc.)
20, 9,41 2267 138 - - - - -
- 23, 5,41 - 116 - - - - -
C26,.3,41 2041 93 - - - - -
%4,4,41 DIE D,
SUGAR TOLERANCE CURVE:
“ CORSECUTIVE METHOL.

Bleod Sugar in mg. per cent.

| Fasting. | Smin, | 28min. | 35min, | 58min. | 65 min.|88min. | 95min. |118min.

-

1056 499 282 556 36C 820 B5 454 345

g | 10 465 | 245 494 286 509 247 530 296

W

" ™is animal peceived feur half-heourly injecticns of 5 cc. of a 100 per cent
-Gluebse_laolution instead cf 5 ce. of 5 20 per cent glucose solution as in
. fabbits 7, 9, 1C and 11.



Wi,
Rabbit 13, (Mals)
[ate. B0dy Upine Urine Total lirine Total AL .8,
Welght Voclume Sugar Urine helones Urine
in g. in ece, 4in Sugayr in Kstones
g% per 24 hr, mg.% per 24 hr,
in z. in mg.

18, 5. 41 2126 159 - - @ o 3

19, 3.41 20863 162 - - - - I

0,8, %1 20489 180 - - - - i

21, %, 41 2097 172 - - - - o

22,8,41 2041 112 - - - P -

238, 2,41 - 131 - - Blank « 28 -

24,%5,41 2183 114 - - - s -

26,C.,41 2097 295 - - - = =

26, 0o 41 2007 112 - - - - -

M. 5,41 2037 115 - - - - -

29,3,41 2097 145 - " - ” ”

29,3.41 2089 162 - - - - -

5, .41 - 170 - - - - -
- 3,3,41 2041 203 - - - - -

14,41 2041 138 - - - - -
- 2.4,41 2012 61 - - - - -

5.4,41 2041 84 - @ .. = -

44,41 2041 35 - - - - -

5.4.41 2069 116 - - " - i

6,4,41 - = = = = - -

Tha 2080 106 - - - . 1.5 g, per ke,

(6.3 ce.)
S44 200 149 - - - - 1.0 g, per kg.
] (4.6 cc.)
f4a  20m &7 - : 260 155 1.5 g. per kg.
(6.0 cc.)
A ta 097 59 - - 552 309 1.5 g, per kg

= ! flm has been deducted
’ = b Qt'Onga.

from total, but not percentage

(6.3 cc.i



F”,. - A 198.

late. Bedy Urine Urine Tcotal Urine Total A.P.E,
s 7alcht Volurme Sugar Urine Ietones TUrine
' in g. in ce. 1n fugar in Katones
T % per 24 hr, mg, % per 24 hr,
in g. in mg,
11,4.41 2097 8 - - 20 C 1.5 g per kg.
(6.9 cec,.)
12.4.41 2183 123 6.2 7.8 52 36 1.5 g per kg,
; { Beb.cCC.)
a1 - 112 8.8 9.9 750 809 1.5 g. per kg.
16,8 ec,)
14,4,41 2154 139 9.8 13,8 932 1257 1.5 g, per kg.
e {8.3 ece,)
15,4.41 2154 187 0.2 0,3 53 47 1.5 @. per ig.
(8.3 cc.)
16,4,41 2126 130 0.1 0.1 34 8 1.5 &, per kg,
(6,3 ec.)
17,4,41 2154 110 - - - - 1.5 g. per kg.
(6.3 cc.)
18,4,41 2183 132 0.2 0.3 i - 1.6 g. per kg.
{6.3 ece.)
19,4,41 2154 260 - - - - 1.5 g. per kg.
(8,3ce.)
20.4.41 - 221 - - " - 105 gn pﬁl‘ kgo
(6.3 ece,)
(6,3 cc,)
: 22,4,41 2183 192 - - - - 1,5 g. per kg,
: (6.3 eec.,)
- 25,4,41 2069 279 - - - - 1.5 g. per kg.
(6.3 cc,)
4,4,41 2041 360 & “ . " ..
2,4,41 1956 136 - - - - -
26,4,41 1984 288 " - . " G
.4,41 1988 235 - = - - -
#8.4,41 1927 196 - - - - -
9.4,41 1985 202 - - s " "
%.4,41 1085 215 - = o = =

L5, 41 1842 253 - - - - -




e 7. T 109l
Lete. Pody Urine Urine Totel Urine Totsel A.P.E,
Felght Velume Svpgar Urine Keteneg Urine
q in g. in ce. in Sugar in Ketones
£. rer 24 hr, rg. % rer 24 hr,
in g. in mg.
3,6.41 : - - - KILLED.
INSULIN SENSITIVITY.
;'te'- Blood Sugar in mg. per cent.
Fasting.| 5min,| 1lCmin,| 15min,| 2Cmin.| 25min, 30min} 4Cmin, 50min.| 60min
w | 1s 100 | 80 74 64 . T | 72T | T |-
* * ¥ %
(1_,41 131 142 | 145 T | 149™% | 156 : 150 T | 149" | 214v |18
- 117 112 | 126 112 117 117 11% 109
- !
; ¥ + % mimate T + 2 minutes
*# + 1 minute T + 3 minutes



Rabblt 14, (Male)
! Iate. Bedy Urine Urine Total Urine Total A.P.E,
Weight Volume 3Sugar Urine Keteonaes Urine
in g. in ce., in Sugar in Ketones
g. % per 24 hr, mg. % per 24 hr,
in g, in mg,
95,4,41 2012 140 » - - - N
26, 4.41 2012 187 & % " a -
3
2M.4,41 - 118 - - Blanke 2 = w
} 28.4,41 1984 155 - = 2 - ~
29.4,41 1984 148 - - = # <
m.4.41 18{;9 37 g - L - ln5 E’,. pel’ kg.
(6 cc.)
1.5.41 1927 €6 - - - - 1.5 g. per kg.
- (5.7 ce.)
2,5,41 1984 130 0.9 § % ) - - 1.5 g. per kg.
(6 cc.)
3,5,41 1984 203 1.9 3.9 - - 1.5 g. per kg,
' (6 cc.)
| 4,5,41 . 188 5.¢ 9.4 E " 1.5 g. per kg.
| T (6 cc.)
5,5,41 1927 110 0.4 0.4 64 61 1.5 g. per kg,
(5.8 ce.)
645,41 1956 16¢ - - 32 37 1.5 g. per kg.
: (5.8 ce.)
§
- 7.5,41 1927 160 4,7 7.5 - - 1.5 g. per kg,
(5.8 cc.)
8,5.41 1927 226 4,4 10.0 - - 1.5 g. per kg.
(5.8 cc,)
9,5,41 1927 1185 6.2 7.1 - - 1.5 g. per kg.
(5.8 ce,)
1005-41 1399 148 0.9 1.3 - b 105 g- pGI’ kg'
(5,7 cc.)
185,41 1842 220 - - = 2 .
18841 1814 197 - . " 5 "
W54 1014 153 e - . - ;

;? Fhuk has been deducted from total, but not percentage
| ketones,



F == S o 76, 201.

[ate. Body Urine Urine Total Urine Total A.P.E.
Weight Volume Sugar Urine Ketones Urine
4 ; in g in ecc, in Sugar in Ketones
8. % per 24 hr, mg.% per 24 hr,
in g, in mg.
15,5,41 1814 228 - - - - -
17,5.41 1785 84 - - - - .
18,5.41 - 224 - - - % =
19.6.,41 1757 248 " " ; ; _

. 20,5,41 1757 166 - & P - _
21.5.41 1787 14¢ - - - - -

| 22,5,41 1%75% 129 - - - - -
R5,5,41 1729 122 - - o - -
24,5,41 1787 142 - - - - “

U541 - 157 - - " . :
26,5,41  17C0 85 « & = - -

{ 27.5.41 1700 79 & - - g -
8,5,41 1700 128 - - _ # "
%,5,41 1700 160 - " 5 - »
%.5,41 1672 127 - - - - -
31.5-41 1672 133 - - - - l.,"} 8. per kg.

' (5.1 ce,)

- 1'6041 3 62 - - - - 1-5 F_,!. per kg-

: : (5.1 ce,)
| %.6,41  170¢ 170 - » £ » 1.5 g. per kg.

(5,1 ce,)

56,41 1729 142 - - - - 1,5 g, per kg,

: (5,1 cc.)

4?5041 170(..3 103 - et " - 1.5 2. per kg.

: (8,1 ce,)

Bea 1720 o0a " - - 1.5 g, per ke,

i {81 ¢e.)
| 464 anoc T T = - - ..
641 ye70 132 5 - ’ s B




il

202,
late. Body Urine Urine Total Urine Total A.P.E.
Welght Veclume Sugar Urine Ketcnes Urine
in g, in ce, in Sugar in Ketcnes
g. % per 24 hr, mg, % per 24 hr,
Ly in g. in mg,
1 s.6.42 - 161 - - - " "
9.6.41 1729 150 - - - ” _
10.6,41 1672 132 - - ~ KILLED,
INSULIN SENRITIVITY,
Blood Sugar in mg. per ceni _
Fasting | Bmin, | 1Cuin, | 16min,. | 2Cmin, | 25min. | 3Cmin. | 40min, | 50min.
® w i
145 145 135 122 163 83 74 65 73
*®
165 168 156 158 158 164 16l 189 T 156
3 87 a2'| a2 67" 58 51 46 4c 37
¥ 1 mimute H 3 minutes
T 2 minutes



% | 78. 204

/ Rabbit 15. (Male)
Iate. Body Urine Urine Total Urine Total AP B,
Welght Vclume Sugar Urine Ketcnes Urine
in g, in ee., in Sugar in Ketcnes
g.% per 24 hr, mg.% per 24 hr,
in g, in mg,
14,5.41 2183 162 = - " - "
15,5,41 2154 135 = - - % o
*
16,5,41 2126 198 - - Blank « 20 - -
| 17,5.41 2154 140 - - - - -
18,5, 41 - 122 - ” - = ~
19,5,41 2154 210 & @ - N 1.5 g. per kg.
(6 cc,)
: (6.6 cc,)
L 21,5,41 2211 62 & " » - 1.5 g, per kg,
(6o6 Gc.)
22,6.,41 2211 27 - - 78 16 1.5.g. per kg.
(6.6 cc.)
23.5.41 2183 59 = - 190 100 1.5 g. per kg,
24,5,41 2126 80 0.3 0.2 148 118 1.5 g. per kg.
(8.3ce.)
5
, ’ (6.3 cc,)
26,5,41 2097 72 1.9 1.4 249 165 1.5 g. per kg,
(6.3 ge.)
| e.5,41 2069 68 3.3 2,3 195 119 1.5 g. per kg,
(6.3 cc,)
B.5,41 2154 103 1.1 1.3 32 12 1.5 g. per kg.
(6.0 cc.)
9.5,41 2097 87 0.9 0.8 - . 1.5 g. per kg,
(643 cc,)
| %540 2007 90 - - = DIE D.

i Blank has been deducted from total, but not
. Pereentage ketones.



79,

Rabbit 15,

INSULIN SENSITIVITY.

204 .

Blocd Sugar in mg. per cent

Fasting | 5min, | 10min, | 15min.| 20min, 25min.| 30min, | 40min, | 5Cmin,
# - w-
151 145 128 101 26 98 101 109 1186
*
183 183 183 183 171 165 172 194 194
B T e
187 178" | 174 17¢ | 183 185 190 183 " | 189

¥ ¢ 1 minute

T + 2 minutes

17 + 3 minutes.



/ " Rabbit 17. (Femela)

late. Becdy Urine Urine mTotal Urine Total A.P.E,
Welght Vclume ECugar Urine Ketones Urine
in g. in cc. in Sugar in Ketcnes
2. % per 24 hr, mg.% per 24 hr,
in g, in mg,
95,6,41 1814 170 - - & - N
26,6.41 19856 1386 - & - ” -
: »
2'?"."6.\41 1814 248 - - Blank = 20 - -
98,6,41 1842 246 , z B} : ;
| 29.6.41 - 160 - - - - -
30,6,41 1814 280 - - - - -
17,41 1814 175 - - " & &
- 2.7.41 1760 162 - - - - %
- 3,7.41 170¢ 180 - - - - 1.5 g. per kg,
i (5 ce.)
‘.7|4'1 1814 52 - - - - 1-5 go peI‘ kg-
(5.4 cc.)
| 5.7.4) 1899 94 - - - - 1.5 g. per kg.
(5,6 ce.)
| 6.7;41 1814 115 01 . 0.1 ) 22 1.5 g per kg.
: (504 GG.)
7,741 1643 147 - " 63 63 1.5 g. per kg.
1 (4,8 ce,)
87,41 1558 83 “ - 20 " 5
DIE D,

* Blank has been deducted from total, but not percentage
ketones,




B

8l. 206,
Rabbit 18, (Female).
[ate. Body Urlne Urine Total Urine Total A.P.E.
Weight Volume Sugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr,
in g. in mg.
6.7.41 1814 175 - .. _ . 5
7,7.41 1899 is81 - - - - -
*
8.7.41 1927 130 - - Blank « 15 - -
9,7.41 1814 210 - - = - &
' 10.7.41 1814 221 - - - - -
11.7.41 1927 249 - = % " -
12,7.41 1871 266 - - - - @
1374 - 310 " : - . "
14.7,41 1899 182 - - - - -
15,7.41 1984 308 - - - - -
16.7.41 1956 170 - - = - 1.8 gz spgx- kg;
| +6 ¢e,
1?.7.41 2012 18% - - - - 1.5 gz Gper' 1;3-
ec,
| 18,7.41 1984 222 - - - - 1,5 gispgr kgs
] e CC,
- 197,41 1984 253 - - - - 1,8 g(.spgr kg;
.6 cce,
| 20,741 - 174 - - 134 207 -
of CC,
2,7,41 2012 265 - - - - 1.5 & per kg.),
- ccc
2%,7,41 2012 316 0.1 0.4 » & 1.5 gE 5pgr kg;
«¥ CC,
5.9 ecc, !
e7 CCo
2.9 cec,)
‘A ' Blank has been dedacted from total, but not percentage




82.

t X

E .t . minutes

+ 3 minuteg

207,
[ate. Body Urine Urine Total Urine Total A.P.E,
Welght Volume Sugar Urine ketones Urine
in g, in ce. in Sugar in Ketones
8o % per 24 hr. mg.% per 24 hr.
in g. in mg.
on,7.41 - 159 1.8 2.9 - - 1.5 g. per kg.
gL (5.9 ce,)
8,7.41 2041 280 4,4 12.3 - - 1.5 g. per kg.
(6.0 cec.)
2.7,41 1984 147 0.8 1.2 - - 1.5 g. per kg,
(5.9 ce,)
| 20,7.41 2041 119 - - - - 1.5 g. per kg.
(6.0 ce.)
3,.7.41 1984 1%2 - - - - -
1,8.,41 1984 20% - - = o =
2.8,41 1984 112 o - - - -
3.8,41 1984 365 - - o - =
4,8,41 1984 228 - - - DIE L.,
INSULIN SENSITIVITY.
Blocd Sugar in mg, per cent
Fasting | Smin, | 10min, 15min. | 20min. 25min. { 30min, | 40min, 5Cmin,
4 133 136 | 110 T 101 | 85 73 58 | 46 o ¥
ha | 2| 106" t| 156"
Al 205 203 196 172 | 156 140 138 126 120
8 &
(-4 245 237 | 230 233 | 226 22¢ | 212 | 212 212
':h'-.._.___
* + 1 mimute 1 + 4 minutes

.



. 4 83. 208.

Rabbit 20. (Male)
late. Becdy Urine Urine Total Urine Tctal A.P.E,
Welght Velume Sugar Urine Ketcnea Urine
in g. in ce. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr,
in g. in mg.
3.8,41 1814 148 - - - - -
4,8,41 1785 313 - - " - B
5,8.41 1814 1156 - - - - -
6,8,41 1769 200 - & - - M
| 8.8.41 1530 133 - - - - i
9.8,41 1643 62 - - - - 1,5 g. per kg,
: (4.8 cc,)
10.8‘41 - 40 - - - - 1.5 9_2. per kga
(4.8 cc,)
11;8.41 1'?85 10(; - - -, - 1.5 ga peI' kgn
(5.4 cc,)
| 12,8,41 1757 263 - - - - 1.5 g. per kg.
(5.2 ce,)
1318.41 1645 79 - - o s 1.5 go peI‘ kg.
(4.8 cec.)
1408.41 158‘? 41 - - . - 105 S. pﬁl‘.' kgo
) (4.8 ce,)
15 .8,41 1530 8 - - - - 1.5 g. per kg.
_ {4.5 cc.)
i 1608.*1 158? 59 - - - - 1*5 g. p@I‘ kg.
(4.8 cc,)
17,8,41 " 115 & - = - 1,5 g. per kg.
. (4,8 ce,)
18.8.41 1530 200 - - - - 1.5 g. per kg,
' (4.5 cc.)
19.8,41 1473 205 - - - - -
0.8,41 1473 91 - - - - -
18,41 1417 143 - = - - -
| 2,8,41 1360 87 - - - EILLED,




k 84, 209 . |

Rabbit 21. (Female)
Iate. Body Urine Urine Total Urine Total A.P.E,
Welght Volume Sugar Urine Ketenes Urline
in g. in ec., 1in Sugar in Ketones
8. % per 24 hr, ng. % per 24 hr,
in g. _ in mg.
23.9.41 1984 149 % - - - :
24,9,41 1984 94 " - - - -

[ 259,41 2041 178 5 & . " )
26.9.41 1984 151 o . » - n
27,9.41 1984 123 . g’ " . )
23.9.41 - 62 - - - - ..
29.9.41 1927 230 - . " : i}
30.9,41 1956 83 - - - - ”
2,10,41 2183 194 - - - - 1.5 g. per kg,

_ (6,8 cc,)

| 310,41 2154 68 - & - - 1.5 g, per kg.
' (6.3 cc.)
4,10,41 2097 98 - - - - 1.5 g, per kg.
< (6.2 cc,)

: 5110.41 - 159 - - - - 1-5 8. peI' kgo

; (6.2 cc.)

- 6,10.41 2041 233 - - - - 1.5 g. per kg.
. ; (6.0 cec.)

[ 700,41 2097 73 a4 - # a 1.5 g. per kg.
| 3 (6-2 cco)

; : (6.0 cc.)
9,10,41 2154 125 0.7 0.9 = - 1.5 g. per kg.

: ' (6.0 cc.)
10,10,41 2211 179 4.4 7.9 w - 1.5 g. per kg.
(6.6 cc.)

11,10, 2154 187 2.8 5.1 B - 1.5 g, per kg.

| (6.0 cc,)
200,41 . 199 0.1 0.2 - - 1.5 g. per kg.

. (6,0 cc,)

| '._ 13.10-41 2211 164 1.1 1.8 - - 1‘5 g. per kg.

(6.2 cc.)



%#rﬁ____" SRS =l . . 50

[ate. Ecody Urine Urine Total Urine Total A.PLE,
Weight Volume Sugar UYrine Ketones Urine
in g. in ecc., in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr,
in g. in ng.

14,10.41 2239 269 0,6 1.7 - = 1.5 g. per kg.
! (6.6 ce.)

15,1041 2267 209 1,6 3.3 - - 1.5 g. per kg.
o (6.6 cc.)
16,10.41 2239 240 0.2 0,5 ’ - 1.5 g. per kg.
i (6,6 ce.)
Y
L 17,10,41 2154 236 - - 2 - -

| 18,10,41 2126 140 * - - - -

L 19,10,41 - b ¢ S : - " 2

|

| 20,10,41 1927 295 - & - = &
i 21,10,41 1842 255 - % - . .

| 29,10,41 1757 89 - = - KILLED.

INSULIN SENSITIVITY.

Bloed Sugar in mg, per cent

Fasttqg S5min, | 10min,| 15min.| 20Cmin, | 25min. | 30min, | 40min, |50min,
: » "
127 119 108 94 81 69 63 62 80 -
= L £ :
154 14%7 136 122 121 115 110 115 119
®
112 109 163 96 83 74 &% 56 51

» + 1 mimute,




T//_'_, e - = e R o 211, |

Rabbit 22. (Female)
late. Body Urine Urine Total Urine Total A.P.E,
Weight Volume Suger Urine Ketones Urine :
in g. in ce. in Sugar in Ketones
g.% per 24 hr, mg. % per 24 hr,
_ in g. in mg.
14,10.41 2211 158 " . i} ; %
© 15,10.41 2097 205 n " " - ,
| 1610.41 2152 244 . B} ; " )
17,10,41 2211 186 “ - - » -
 18.10,41 2211 166 " -  Blanke 20° - a
10,10.41 - 112 . = s " 2
20,10.41 2211 118 E = - 5 -
. 22,10,41 2211 82 - “ % & -
23,10.41 2267 28 - - - - 1.5 g. per kg.
. (6.8 cc.)
| 24.10.41 2183 130 - - - - 1.5 g. per kg,
o (6.4 cc.)
- 25,10.41 2183 21 - - - - 1.5 g. per kg.
(6.4 cci)
26,10,41 - 13 " “ ” 5 1.5 g. per kg.
(6. 4 cc.)
L 7.10.,41 2211 93 - E: - - 1.5 g. per kg.
|\ (6.6 cc.)
| 8,10,41 2211 57 0.06 C.03 - - 1.5 g, per kg,
! (6.6 e6;)
2,10,41 223 108 1,8 1.4 - - 1.5 g. per kg.
' (6.6 cc.)
5 _50.!10,_41 2154 62 1.4 0.9 - - 1.5 g. per kg.
. = (6.3 cc,)
- ,10,41 2184 112 4,7 5.3 - - 1.5 g. per kg.
) (6.3 cc.)
La 2154 1m 6.2 10.6 166 250 1.5 g. per kg.
_ 1 (6,3 ce.)

All4 = 285 6.6 18.7 105 242 1.5 g. per kg.
(6.3 cec.)

* Blank hes been deducted from total, but not percentage
- ketones,



k Bt 212,

‘Tate. Body Urine Upine Total Urine Total A.P.E,
welght Volume Sugar Urine Ketcnes Urine
in g. in ce. in Sugar in Ketones
8. % per 24 hr, mng.% per 24 hr,
in g. in mg.

3,11.41 2097 282 8.0 22,6 65 127 1.5 g. per kg,
i (6,2 ce.)
4,31,41 2097 237 6.7 15.8 65 107 1.5 g, per kg.
3 (6.2 cc.)
5,11.41 2183 171 7.2 12,2 . . 1.5 g, per kg.
| 611,41 2154 271 3,3 9.0 ” - 1.5 g. per kg,
(6.3 cec.)
7,11,41 2211 170 2,4 4,1 = - 1.5 g, per kg.
(6.6, cec,)
8,11.41 2154 226 1.3 2,9 m - 1,5 g. per kg,
' : (6.3 cec.)
9,11, 41 - 31¢ = - i - 1.5 g. per kg,
i (6.3 cc.)

10.11,41 1927 124 - & - - _ 5

1L,11,41 2012 127 & " " = " a

12:11,41 1927 120 - - - - -

13,11.41 1984 92 = " - < -

| 14,11,41 2041 194 & = = = 5

| 5 .11.41 2041 1'70 - - - - -

711,41 2012 230 . 5 - .. -

- 18,11,41 2041 99 - = " - -

KILLED.




éa, 213,
Rabbit 22.
INSULIN SENSITIVITY.
Blccd Sugar in mg. per cent.
Fasting Smin,| 1Cmin,| 15min.| 2Cmin.| 25min.| 30min. | 40min, | 50min,
F'3 “# * %
119 118 1C9 a8 83 80 78 89 92
£
160 165 180 151 142 136 138 133 133
& £ *
163 180 171 163 160 142 140 133 149
* : T #* ;
162 182 156 147 145 140 147 160 178
» ¥ - - E 3
138 1C5 1cC 94 74 69 €2 73 78
. A 1 minute T + 3 minates
|
| TS T 2 mimites



* g9, a ' 014,

Rabbit 24. (Male)

. late. Body Urine Urine Tctal Urine Total A.P.E,
Welght Volume Sugar Urine Ketcnes TUrine
in g. in cec. in Sugar in Ketenes
g.% per 24 hr. mg, % per 24 hr,
e in g, in mg,
14,2,42 1927 119 - - - - -
| 15,2.42 . 84 - . - - 5
; %
| 16.2.42 1956 84 - i Blenk = 22 - >
17,2.42 1927 56 - - - - 1.5 g. per kg.
1' (5.7 cc.)
| 182,42 1871 48 % " - = 1.5 g, per kg.
A (5.6 cec.)
- 19.2.42 1927 - - - - - 1,5 g. per kg,
" (5.7 ce.)
20,2,42 1893 54 = - - - 1.5 g. per kg.
_ _ (5.7 ce.)
| 2.2,42 1899 100 c.3 0.3 173 151 1.5 g. per kg.
| (507 cc.’
| 222,42 > 197 0.1 c.2 140 233 1.5 g, per kg.
(5.7 cc.)
{ 23,2,42 1871 3 - - ' 75 3 1.5 2. per kg.
. (5.6 ce,)
24.2.42 18'71 1’?2 G.3 0.5 =i hoog 1.5 go pel’ kg.
(5.6 cct)
| 25.2.42 1814 50 ©,7 0.3 98 38 1.5 g. per kg.
(5.6 cc.)
262,42 1814 64 0.5 0.3 & = 1.5 g. per kg.
(5.6 cc.)
- M.2.42 1814 A7 > - - -
8,2,42 1814 116 1.4 1.7 = - ' -
- 1,3,42 - 175 1.1 1.9 - - 1.5 g, per kg.
| d (506 GG.)
\
L
| 23,42 1757 78 - " - - 1.5 g. per kg.
: (5.4 cec.)
| %342 1814 95 - . - - 1.5 g. per kg.
._ (5.6 cc.)
| 4842  1m14 98 - . & ¥ 1.5 g. per kg.
(5.6 cc,)

' Blank has been deducted from total, but not percentage
ketcnes,



%‘ 90. 215.
e Body  Urine Urine Yotal Urine  Total A.P.E.
Weight Volume SBugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
8o/ per 24 hr, mg. #% per 24 hr,
in g. in mg.
E 5.5.42 1814 98 0.5 0.5 -~ - 1.5 go PGI' kgo
(5.2 cc.)
| 6,3,42 1814 126  ©.1 0.2 - = 1.5 g. per kg.
! (5.6 ec.)
I 7,342 1814 1656 1.1 1.8 - - 1.5 g. per kg.
' (5,8 cc,)
¢ 8,3,42 - 137 2.3 3.2 - - 1.5 g. per kg.
] (5.6 cc.}
9,3.42 1814 166 2.5 4.2 - - 1.1 g. per kg.
| (3.9 ¢cey)
10, 3,42 1814 211 2.6 5,5 - - 1.5 g. per kg.
(6.6 cc.)
11,3,42 1871 115 2.9 3.3 - - 1.0 g. per kg.
(4 cc.)
| 12.3,42 1814 262 0.8 2.0 - & -
i 13,3,42 1814 153 0.4 0.6 - - -
14,3,42 1871 135 0.2 0.3 - - -
| 15,342 1834 262 0.1 0.2 = - =
| 16,3.42 1814 161 - - - = -
| 17.3,42 1814 199 % - . & -
118,342 1814 1& E 2 B - -
| 19.3,42 1814 59 IIRD,
SUGAR TOLERANCE:
SINGLE METHOD,
| =8 Y Blocd Sugar in mg. per cent,
| Fasting | Smin, | 10min, | 15min. | 20min, | 26min, | 30min. | 4Cmin, | 50min.
126 298 | 286 270 250 235 * | 214 183 7| 156 T
< L3
140 311 | 286 280" | 276 264 260 260 260
+ 1 minute

'ﬁ 4+ 2 minutes,



k | 91. | - 218.

Rabblt 25, (Male)
late. Body Urine Urine Total Urine Total A.P.E.
Welght Vclume Sugar Urine Ketones Urine
in gz. in cec, in Sugar in Ketones
Be per 24 hr, mg.% per 24 hr.
in g, in mg.
| 18.2.42 2041 96 - - - - -
19,2,42 2012 157 - - - . _
*®
p1,2.42 2041 122 = 3 Blank = 28 - -
!
22:2.42 - 183 - - & - -
23.2.42 2041 149 - - - s -
24,2,42 2041 84 - - - - ~
25.2,42 2041 130 - - - - -
| 26:2.42 2069 135 a - - - -
o7,2,42 2041 142 < = - - 1.5 g. per kg.
(6 cc.)
28.2,42 2012 82 - - - - 1.5 g. per kg.
(6 cec.)
-.1!\3‘42 - 126 — - = - 1.5 g. per kg.
] : (6 ec.)
2,5,42 1984 - ™ » - - 1.5 g. per kg,
1 (6 cco)
8.5.42 1927 53 - - 379 186 1.5 g, p°r kg.
(5.7 cec,)
| 43,42 1927 18 " - 70 8 1.5 g. per kg.
| (5.7 cc,.)
1 5.3,42 1871 66 .6 0.4 620 391 1.8 g. per kg.
- (5.6 cc.)
 6.3,42 1814 27 - - 129 27 1.5 g per kg,
(5,6 cc,)
3 a2 1814 43 0.7 0.3 143 50 1.5 g. per kga.
i (5.6 cc.)
| 83,42 - 34 2.6 0.9 110 28 1.5 g, per kg.
1 (6.6 cc.)
& RS 1927 70 1.6 1.1 - - -

" d ' Blank has been decucted from total, but not percentage
| ketones,



9L,

:;-T >

21 7.
Body Urine Urine Total Urine Total A,P.E,
Welght Volume  Sugar Urine Ketones Urine
in g. in ce. 1in Sugar in Ketcnes
g.%# per 24 hr, mg.% per 24 hr,
B in g. in mg.
§ 103,42 1927 74 0.3 0.2 - ;
11.3.42 1984 110 0.1 0.1 - -
12,3.42 2012 183 - " - .
| 15,3.42 1927 194 » - = "
14,542 1984 168 - - - -
\ 15,3,42 - 170 - - - -
16, 3,42 1956 1885 - - = -
17.3.42 1927 178 - - - -
18,3,42 1984 195 - = " »
4 19,3,42 1984 145 - - - =
7.4,42 DIE D,
SUGAR TOLERANCES
: SINGLE METHC LD,
' Blcod Sugar in mg. per cent
_| Fasting | 5min. | lomin. | 15min. | 2cwin. | 25min. | 3omin. | 40min. | SCmin.
v * x * - ¥ +
i i':'i.42 103 235 207 178 158 138 | 126 114 101
el 140 208 207 200® | 185%| 178 | 178 183 183
* + 1 minute * % + 3 minutes
2 minutes



ketones,

93, 218,
Rabbit 26. (Male)
Tate. Bedy Urine Urine Total Ursne Total A.P.E.
Weight Volume Sugar TUrine Kevones Urine
in g. in ec. in Sugar in Ketones
g.% per 24 hr, mg.% per 24 hr.
in g. in mg.
© 1.4,42 2097 92 - - - " ..
0,4,42 2097 92 5 - - : =
| 34,42 2041 181 £ = . - "
1 ®
| 4,4,42 2041 217 - - Bienk = 50 - -
5.4,42 - o8 - - - - .
6,4,42 2041 103 - . - - -
T.4,42 1984 150 - - - - 1.5 g. per kg.
(6 cec.)
8,4,42 2041 53 2.1 1.1 - - " 1.5 g per kg.
_ (6 cc.)
k" (6 ec.)
10,4,42 2012 56 3.8 2.1 - - 1.5 g, per kg.
(6 cec.)
11.4.42 2041 47 S.4 1.6 - - 1.5 g. per kg.
- (6 ec.)
I
- 12,4,42 - 89 3.5 3.1 820 695 1.5 g. per kg.
. (6 cc.)
' 13,4,42 2069 98 3,4 3,3 = - 1.5 g. per kg.
{6 co.)
14,4,42 2069 54 6.5 3.5 450 216 1.5 g. per kg.
| (6 ce,)
- 15,4,42 2041 147 3.0 4,4, - - 1.5 g, per kg.
-31&4.42 2154 5C 2.3 1.8 - - 1.5 g. per kg.
: {6 cc,)
14,42 2211 66 0.8 0.6 - - 1.5 g. per kg.
(6.3 cc.)
TIE D.
Blank has been deducted from total, but nct percentage



94, 219. ||
Rabbit 26.
SUGAR TCLERANCES
SINGLE METHCD.
Blocd Sugar in mg, per cent
Fasting 5 min, | 10min, | 15min, | 20min, | 25min, | 30min, | 40min. | 5Cmin,
- _

133 282 241 212 190 169 158 138 124

209 311 304 296 284 270 27¢ 270 256 *

¥ + 1 minmute, 1 - 5 mimates,




BT g

95, 220. |

Rabblit 28 (Female).

: late. Body Urine Urine Total Urine Total A.P,E,
eight Volume Sugar Urine ketones Urine
in g. in cc. in Sugar in Ketones
g.% per 24 hr., mng.% per 24 hr, |
3 in g. in mg. '
 93.4,42  232¢ 59 - " - . :
442 2324 142 - -  Blenk = 29° - »
 25,4.42 2324 252 - - - - 1.5 g. per kg.
" (6.7 ce,)
26.4,42 - 64 o “ - - 1.5 g. per kg.
i (6.7 cec.)
| er.4,42 2352 150 - - - - 1.5 g. per kg.
(7 cec.)
| 8.4,42  233¢ 90 & & % % 1.5 g. per kg. |
: (7 ce.) |
| 2.4,42 230 80 " " 364 268 1.5 g, per kg,
| 7 cc.) vl
. %.4,42 2267 110 0.5 c.5 42 14 - 1.5 g. per kg.
(6.7 cc.) ,
1,5.42 2267 70 0.5 0.4 - - 1.5 g. per kg. ;3
2 (6.7 cey) vl
26,42 2267 54 3.4 1.8 115 46 =
| DIE D,
SUGAR TOLERANCES
| SINGLE METHCL.

Blood Sugar in mg. per cent

Fasting | Smin. |1Cmin, | 15min.| 20min.| 25min. | 30min. | 4Cmin.|50min. |

158 272 256 230 224 203 194 163 151

222 321 296 272 262 245 243 239 230

"“ Blﬁnk has been deducted from the total, but not
- Mercentage ketones.



96. 221
Rabbit 29. (Female),
Iate. Body Urine Urine Totsal Urine Total A.P.E,
Wweight Vcolume  Sugar Urine Ketones Urine
in g. in cc. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr.
in g. in mg.

. 97,4.42 1984 160 - - - - -
28,4.,42 2041 14% - . Blank « 41 - -
920,4,42 2012 83 % & & - -
0.4.42 2012 125 - " " _ .
1.5.42 2041 175 .. .. " - .

 2,5,42 2012 126 - w - - 1.5 g. per kg.

(6 ecc.)
;'-5.42 - 28 - - - - 105 gn 12'61‘ kg.
(6 ec.)
(6 cc.)
5,5,42 1956 56 - - - - 1.5 g. per kg.
(5.7 ce.)
6.5.42 2041 50 - o - - 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.% 2.9 - - 1.5 g. per kg.
(6 cc.)

| 9.5.42 1984 94 0.1 8.1 - - 1.5 g. per kg.

_ (6 cc.)

- 10.5,42 - 89 1.8 1.6 - - 1,5 g. per kg.

(6 cec.)
11,5,42 1966 22 - - - - 1.5 g. per kg.
_ (5.7 cec.)
12,5,42 1956 34 a - a7 213 1.5 g. per kg.
E (5.7 cc.)
; 13,5,42 1899 26 - - 390 91 1.5 g. per kg.
b (5.7 cc,)
| 14,5,42 1899 248 = = = N =
155,42 1027 225 - - - - -
£

Blank has besn deducted
ketones,

frem the total, but not percentage



r

e
97. 222,
Iate. Body Urine Urine Total Urine Total A.P.E,
Weight Vclume Sugar Urine Ketones Urine
in g. in cc. in Sugar in Ketones
Zo % per 24 hr, mg.% per 24 hr,
in g, in mg.
16.5.42 1927 212 - - - -
17.5.42 - 143 - - - -
18.5.42 1956 103 - - - - |
19,5.42 1958 1cl - - - -
20.5.4%2 1956 178 - - - -
22,5,42 199¢ 140 - - = -
23.5.42 1927 124 - - - " |
24.5.42 i 128 - - - P I-
25,5,42 1956 110 " ~ = - A
26,5.42 1984 89 - - - - A
}.
27.5.42 1984 163 - - - - i
%8,6.42 1984 73 - . - -
2,5,42 1984 115 - - - - |
- %0.5,42 1956 171 - - - -
51.5.42 - b - - - -
- 1.6.42 1984 - - - - -
20.6,42 EKILLE D,
|
SUGAR _ TOLERANCE: .'
il
SINGLE METHOQD, ;
o Blood Sugar in mg. per cent
| Fasting | 5 min. | Lomin, | 15min. | 2emin. | 25min. | 3omin. | 4Cmin. | 50min.
42 - i
133 249 239 212 194 176 162 145 140 |
| * W * T * *> ¥
£ 12 230 215 201 174 153 140 119 109

1-

e

2 minmates.




Rabbit 30. (Female)

[ate. Bedy Urine Urine Total Urine Total A.P.E,
Welght Velume  Sugar VUprine Ketones Urine
in g. in cc,. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr, .
in g. in mg.

s

45,42 1927 121 ] - - - -

5,542 1984 91 - - - & "
5542 1927 148 4 " . B
7,5.42 1984 56 - - Plank = 42 - -
8.5,42 1984 142 - - - 5 .
9,5,42 1984 95 - - - “ .
10,5.42 - 170 = - . B .
15,42 2012 36 “ - - . 2
| 128,42 1984 47 - " = 5 ol
13.5.42 1927 79 = - - - g
14,5.42 1927 169 - - - - 1.5 g, per kg.
bl (5.7 cc,)
( 16,56,42 1927 114 - - - - 1.5 g.per kg.
(8.7 cc,)
| 16,6.42 1956 92 - - - - 1.5 g. per kg, |
o (5.7 cec.)
17,5,42 - 34 = = - = 1.5 g. per kg.
(6.7 cc.)
8,5.42 1899 120 . - " . 1.5 g per kg.
. (5.7 ce.)
| 8.5,42 1984 25 1.7 C,4 B e 1.5 g. per kg.
(6 cc,)
195,42 1871 108 3,7 4,0° - - 1.5 g, per kg.
(506 c{'o}
|A.5,42 1899 31 1.0 0,3 75 10 1.5 g. per kg.
- (8.7 ¢o.)
[i'5
25,42 1927 % 2.8 1.1 81 15 1.5 g, per kg,
I (5.7 cc.)

(5.8 ce.)

f?mank has been decdacted from total, but not percentage
- ketones,



)

*_ _ = T s e ———————— e e T

late. Body Urine Urine Tectsl Urine Total A.P.E,
: Weight Volume Sugar Urine hetcnes Urine
in g. in cec., in Supgar in Ketones
g. % per 24 hr, mg. % per 24 hr,
in g. in mg.

| 24,5.42 - 70 0.9 0.7 . _
| 25,5.42 1927 6" 0.6 0.4 - D1E D,

SUGAR TOLERANCE?

SINGLE METHCLD,

Blcod Sugar in mg. per cent

Fasting | Smin, | 10min, | 16min,. | 20min, | 25min, | 30min, | 40min, | 50min,

114 240 | 231 212 187 171 140 119 107 i?

168 311 294 276 262 254 242 235 230




!5%!,

100, 225
Rabbit 3l. (Female).
ate. Bedy Urine Urine Total Urine Total A.P.E,
Welght Volume sSugsr Urine Letones Urine
in g. in cec. in g.% Sugsr in Ketones
per 24 hr, mg.% per 24 hr,
_ in g. in mg,
19.5,42 2239 34 - - - - N
| 20,5,42 2239 143 - - - ” a5
5,42 2211 114 2 . i E i
; %
92,5,42 2211 80 - = Blank = 45 - -
| 23.5.42 2211 90 - - - - ;
2405042 i 90 = - - - -
| 55.5.42 2126 116 # % . - 1.5 g, per kg.
: (6.3 cec.)
. 26,5,42 2154 62 - - - - 1.5 g. per kg.
(6.3 cec.)
- 97,5,42 2154 160 1.3 2.1 - - 1.5 g. per kg.
_ (6.3 cec.)
| ®.5.42 2097 72 0.2 0.3 = - 1.5 g. per kg.
(6.3 cc.)
| ®.5.42 2007 55 2.5 1.4 A - 1.5 g. per kg.
, (6.3 ec,)
| %,6,42 2097 69 1.1 0.7 = - 1.5 g, per kg.
(6.3 ece.)
8,6,42 - 155 4,4 6,9 - - 1.5 g. per kg.
(6.3 cc.)
| L6.42 2211 196 7.0 13.% 189 282 1.5 g, per kg,
%642 2197 202 6.4 18.8 334 845 1.5 g per kg,
_ (6.6 ce.)
j ri-'--_5.6.42 2211 288 7.3 21.1 485 1210 1.5 g. per kg.
, (6.6 ce,)
46,42 2154 330 9.9 32,7 562 1766 -
[ 56,42 2239 114 4,4 5,0 = - -
[8642 2183 200 - " . 5 -
16,42 - 150 - - = = =
W42 2126 180 ’ . ; - :

4 ketones,

f'mank has been deducted from totel,

but not percentage



= = . = —Pl
’- 101. 226. |
Jate. Body Urine Urine Total Urine Total A.P.E,
Weight Vclume Sugsr Urine Ketones Urine
in g. in ec, in Sugar in ketcnes :
o per 24 hr, ng. % per 24 hr,
in g. in mg.
9,6,42 2168 178 = - - :
x
10,6.42 2069 200 . = = =
I =
' 11.6.42 2083 129 - - - -
| 12,6,42 2069 87 - - - -
18,6,42 2097 123 - - - -
187,42 KILLED.
SUGAR TOLFRANCES
it
SINGLE METHCD. '
|
Blood Sugar in mg. per cent
Fasting | 5min, |{ 10min. | 15min, | 20min. | 25min, | 3Cmin.| 40min. | 50min. :
*
160 2956 270 252 226 218 194 158 128
E 3 |
203 338 3086 278 258 239 235 230 225
+ * # L
130 296 252 212 184 162 148 119 99 .
|
f * 1 minute. T + 2 minutes. |




|W 102, 5 T gom.
: Rabblt 32. (¥ale)
late. Body Urine Urine Total Urine Total A.P.E.
Welght Volume  Sugar VYrine Ketones Urine
in g. in cec. in Sugar in Ketcnes
g.%2 per 24 hr, mg. %4  per 24 hr.
in g. in mg,
| ».5.42 2211 156 “ & a - -
. 3%.5.42 2183 145 - 2 - % &
| 31.5,42 . 3 - - : . "
1,6.42 2239 138 - ~ Blank « 34 - -
2,6,42 2267 210 - - - ~ _
3.6,42 2295 208 - - w i .
4,6,42 2205 293 - - = . -
5,6,42 2352 271 " = " - -
| 6.6.42 2352 253 . " - # 1.5 g. per kg.
(6.9 cc.)
(6.9 cc.)
8.6,42 2380 140 0.5 0.7 - - 1.5 g. per kg.
' (7.1 cc,)
9,6,42 2366 283 0.1 0.4 - - 1.5 g. per kg.
| (6.9 cec.)
10,6,42 2352 240 0.5 1.1 - - 1.5 g. per kg.
1 (6.9 cc.)
| .6.42 2437 263 4.9 12.9 - - 1.5 g. per kg.
(7.2 cc.)
{12.6,42 2427 257 4.9 12.6 - - 1.5 g. per kg.
| (7.2 ce,)
186,42 2437 282 7.8  21.9, - - 1.5 g. per kg,
(7.2 ce.)
4,6,42 - 285 9.7 27.5 - - 1.5 g, per kg.
(7.2 cc.)
18,6,42 2330 234 2,5 5.9 - “ 1.5 g. per kg.
{7 cc.)
- jl8.6.42 2395 190 0.3 0,5 - - ”
642 2330 265 = - - - -
[ Blank has been decucted from total, but not percentage

ketones,



I
i
i
H
]

ate. Bedy Urine Urine Total Urine Total A.P.B.
Weight Volume  Sugar Urine Ketones Urine
in g. in ce. in Sugar in Ketones
g. % per 24 hr, mg.% per 24 hr,
in g. in mg. B
18.6.42 2352 225 - - ” e _
| 19.6.42 2395 152 - - - - -
12 20,6,42 2395 119 - - - o =
| 26,42 - 210 - - - - -
23,6.,42 2437 218 - - » s "
1 ; 94.6.42 2437 165 - - - - -
| 95,6,42 2437 120 - .. - - - |
i 18.7.42 DIE D,
SUGAR TOLERANCES
SINGLE METHOQD. L
:-a. | Blced Suger in mg. per cent
1 Fasting Smin, | 10min, | 18Smin.| 20min, | 256min,| 3Cmin. | 4Cmin.| 5Cmin.
| 117 260 | 256 218 187 176 | 160 142 | 128
=
. 138 282 260 251 226 211 203 194 185
L 192 | 176 158 133 124 | 121 105 96
2 ||
¥ <+ 1 mimte.  + 2 minutes,




Quantitative Estimation

of

Pancreatic Islet Tissue.
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105,

| SLETS ACINAR TISSUE
Rabb it wt, Wt Area | Ares Wt Wt. Area
Sheet Islets Sheet Iislets Sheets Acinar Sheets
in g. in g. in in in g. Tissue| 1in
sg.Cm. | 83.Cm, in g. 8q.cnm,
s B [e.08 0.14 530.3 18,3 24,47 10.3 3181.8
B. 4.04 0,64 " 84,0 97.8% 44.3 | 12727.2
: T 4,07 ©,.35 " 45,6 44,72 18.8 5833, 3
:
o Hi 4,07 0.88 " 115.7 85, 38 27.8 8484 .8
| B 8.12 | 1.54 2x" 201.1 69,35 29.4 | 9015.1
T2, 4,02 0.24 530,3 3.7 32,85 12.5 4242.4
2 N, 4,03 0.26 . 34,2 27.99 18.1 3712.1
B, 3.98 .26 " 34,6 36.8 20.0 ATT72.7
+2C +2C +2C
T2, 3.99 ¢.30 ® 3.9 39,86 25,6 5303.0
4, B 4,07 0.82 " 1086.8 61.5% 36,6 7954 .5
B, 4,14 0,33 # 42.3 41,07 24,4 5303.¢
I T, ],11 | 1.81 2x" 236.8 75.83 46,3 | 10075.%
5. H. 3.98 ©.37 530,3 49.3 39.97 22,5 5303, 0
B 4.00 0.51 n 67.6 59.90 30.7 7954 .0
i 4,02 .83 " 109,.5 60.1 34 .4 7954,0
6. H, 4.08 0.51 " 66.3 36.2 18.9 4772.7 1,
+ 8C + 8¢ + 8C 118
B, 4.05 | 0.25 . 32.7 28,3 7.1 | 372.1 2853.5[ |
T + 30 + 30 + 30 ; 1 [2,1f
s 4.2 | 0.86 ’ 113.4 48,4 29.2 | 6363.6 | 5263.Tf1""
+7C +7¢C + 7C 3
ln. =. 3.98 | 0.27 " 36.0 24,2 13,2 3181.8
+9C 490 +9C
B 35.99 1.0 " 132.9 52,2 28,3 6893,9
+25C +25 + 25C
e 4,04 C.24 " 31.5 28,1 14.9 3712,1
' +13C +13C + 13C
s H- 3.99 | 0.37 . 49.2 | 28,2 16,3 | 3me.l
- B 3,96 .14 " 18,7 28,0 16,2 3712.1
+ 20 + 20 + 2_0
e 4,10 .71 " 91.8 32,1 15,9 4242.4
+a0 + 80 + 8C

¢ = area cf cne field = 203,5 sq.cm. = 1,54 g.

.I #* H,B& T = head, body and tail of pancreas,




e o e e o . : 251.

wt. we. No. Av. Av. Av, Total
Pan- Islet Islets | Area Vol. wt. No,
creas Tiasue | counted| cne one ocne of
in g. in g, Islet Islet Isiet | Islets.
in 'sq.cm, c. . In %
27 0.68
1.56 2.71 0,04 oY 0.87 O.%% G.261 0.274 146,000
67 0.68
147 0.79
3.48 2,354 c.08 189 1.06 ¢©.886 0.324 0,340 235,000
44 0.72
31 1,10
1.08 5,69 0.06 25 1.38 1.22 0.541 0.5¢68 108,000
34 8 5% 1 4
152 0,70
2.48 2.76 c.07 9¢ .46 0.68 0.241 0.253 277,000
270 ¢.88
82‘_9:' ] 1. 65 80 0,62
76,61 (1,66 1.91 2.93 0.0€ 137 0.49 0,863 0,207 0.217 27%,000
b
52,71 [2.41 138 0.79
19,8 ] 11,61 125 .53
535__-1_.15 1,64 3.12 0,086 54 0.61 0,62 0.207 0.21%7 230, 0CC
4 (2,15 156
63.7§f' £ 0,73
s7.04/1.01 53 |o0.68
(406 1,17 3,06 0.04 132 1.00 0.86 C.324 | 0,340 118,000
q|L48 3 | 0.90
e %29 49 |1.00 |
bl 1 l'-jp:.
073 1,83 3.70 0.07 20 0.94 1,03 0.424 |0.445 162,000
80 1.156




232




107.

ISLETS | ACINAR TISSUE
o | W Wt. . Area | Area | Wt. Wt. Area {
* | Sheet Islets Sheet Islets Sheets Acinar Sheets
in g. in g, in in in g. Tissue | in
[=et ' | _8q.cm, & 8g.cm, in g, sq,.cn,
T 3.97 0.81 | 530.3 | 108.2 32.1 14.8 4242,4
| +13C¢ | +13C +13C
B, | S99 | 1.18 " | 156.8 76.3  43.5  10075.7
; + 3C +3C +3C
7. 3.97 1.4¢ | " - 192.4 | 52,3 | 32,2 6893.9
| | ' + 3C + 3C + 3C
10.m | %9 | os | * 68.0 | 32.4 18.0 | 4242.4
. | 4.08 | oi70 | " 91.0 | 40,3 @ 25,0 5303.0
m, | %97 | o40 | " . B3.4 | 36.3  22.8 @ 4772.7
11, B | 3,98 646 | " | €.3 | 44.3 | 24,7 | 58333 | :
; | 1:5 - i +16C +16C +16C f ]
B | 4708 [ -o.40 | ™ | 52,8 24,2 | 13.4 3181.8 | 3593,
{ g | . +9¢C +9C +9C |
m | 4.3 | o.69 | * | 90.8 | 44,2 @ 26.8 5833.3 | 5164.91
; : | E +8C +8C __ +8C 'y
: : : : _
yoH. | 406 | e.2y | * | 35.3 2¢.1 @ 14.1 3181.8
. ? | | | +3C + 3C + 3C
B. | 4,07 | ©0.40 | " 52.1 36.1 22,2 4772.7
t | | +1C +1C +1C
™ | 403 | 140 | " | 184.2 44,4 | 25.3 5833,3
| i | ~ +£2C | +22¢ | +22C
|25 H | .97 | o4 | * 64.1 | 28.1 | 16.0 3712.1
I ii i | +160C +16C |+ 16C
4 B~ | 408 7| o0.20 | *® 27.6 | 44.3 | 26,3 5833, 3
e j :I' . +11C +11C _ +11C
1 | sco | o868 | * | au.5 16.1 8.3 2121,2
H oAl i ] | +96 | +9C + 96
| g i ~ts .
14.H. | 461 | o0.68 | * | 87.3 | 40.2 23,0 | 5303.0
:; | | | +6C | 4+6C + 6C
: | 820 | o.49 | " | 66,6 | 40,2 | 21.7 5303.0
p | 4.09 % .93 | " | 120.6 | 44.4 | 26.5 | 5833.3
' | I +3C | + &C + 3C
J: E | ¢ |
| | | ] I i
15.H | 4.04 | o.,92 | " | 120.8 | 24,2 | 12.7 | 3181.8
‘| 1 . +9C | +9¢C ' + 9C
Be—:] 408 | ©0.98:| ~* | 96,1 | 28.3 | 16.4 3712.1
T 4,08 100 | ®* 1309 | 16.2 8.6 | 2121.2
! !J | +6C | +60C +6C |
1 P H | | |




108,

233,
[ We. W, No. Av, Av, Av, Total
Pan- islet Islets Area Vol. wt. No,.
creas Tissue | ccunted one one one cf
in g. in g. Islet Islet Islet Islets.
in sq.cm. C.p. in %

9.9] | 1.22 312 0.97

s IENisgn 2,68 2.98 0.08 15¢ 1.058 1.07 0.451 | 0.474 159, 000
| 3.96 161 1.20

4.9

| |27 2.48 6.20 ©.15 70 1,30 1.10 0.480 | 0.504 305, 000
111,78 61 0.88
0.94 110 0.56

5,6 | |1.46 1.39 3.45 0.05 55 0.96 0.83 0.302 | 0,317 151,000
l-g i ,1.'76 93 0.?8
L1 1,43 31 1,14

)5 1,66 1.82 3,71 0,07 47 1,13 1.2 0.541 | 0.568 119,000
b4 | 287 133 1.38
'.q & 1.19 72 0.89

..e‘ 0,48 1,55 1.86 0,03 60 0.46 0.88 0.348 | 0,365 79,000
68 1.29
) 149 0.59

s"__?_._a_ﬁ 2.44 2.48 0.06 91 0.73 0.65 0.224 | 0.235 257,000
A1 298 188 0.64
- | 8,45 133 0.91

%24 4,09 | 4.00 | 0.17 90 1.07 1.05 | 0.424 | 0,445 | 376,000
| 5,58 112 1,17




234,




& 109.
ISLETS ACINAR TISSUE
| W, wt, Aresa Area We. wt. Area
| Rabbit Sheet Islets cheet Islets Sheets Acinar Sheets
l in g. in g. in in in g. Tissue | in
' sq.cm, sq.cCm, in g, 8g.cm,
17. H 3.97 0.35 | 530.3 46.8 20,0 12,5 2651, 2
+2¢ +2C + 2C
B. 3,96 0.20 » 26.8 27.9 15.5 3712,1
+50C +5C + 5C
Ts 4,01 0.35 " 46,3 28.0 16.9 3712.1
: +2 +206 + 2C _
Bs 4.08 0.62 " 80.6 44,3 24,7 | 5833.3 | 32pg.l|
| T, 4,07 1.19 . 155.1 36.2 21.7 4772,7 | 2861.0] |
[ .
l 0. B, 4,06 0.37 " 48,3 32.2 20.3 | 4242.4 | cemagll
B. 4.04 0.41 " 53.8 32,4 20.4 4242.4 | 26mal |
T. 4.02 0.51 ¥ 67.3 28.2 16.7 3712.1 | 2808.8) 4|
+3C +3C + 3C g
21, H. 3.99 0.36 " 47.9 24,3 14.7 | 3181.8 | 19248( |
B. 4.01 0.40 " 52.9 28,6 17.7 | 3712.1 | 20078 |
| ) _ _ < + 3C +3C + 3C :
T 4,14 0.66 a 84,5 22.9 21,5 4242 .4 3382.9 |
' + 3C +3C +30C |
| 22.H, 8.22 | 2.16 |2x " 278.7 28.5 14.5 | 3712.1 | em26 ||,
| ] ‘ . oy +24C +24C +24C E
| B. 4.05 0.70 530.3 91.7 28,8 16.5 3712,1 | 3661.2 [ |!
: | + "7C +"7C + 70
T, 8.32 1,68 | 2x " 214.2 32.5 18.8 4242.4 | 6320.6 |
+19C +19C +19C _
i il
| : - - : - =
24 H. S.96 .33 | 530.3 44.2 28.2 18.2 37121 239_5.-8Fs-1
B 4,03 0.21 " 27.6 32.1 19.7 | 4242.4 | 3010.6 ;'
. | +2C +2C + 2C
T» 3,97 1.09 = 145.6 32.4 18.0 | 4242.4 | 45954 | [
+11C +11C + 116
25 H: 3,96 0.35 " 46.9 12.1 7.6 | 1590.9
B 3.97 0.86 . 114.9 28.3 18,2 3712.1
: : + 2 + 2C + 20
s | 12.17 3.85 | 3x " 503.3 40.2 24.3 | 5303.,0
+21C +21C + 21€




= e —————
-%age wt. Wt. No, Av, Av, Av, Tctal
| 1slet Pan- Islet | Islets Area Vol, We. No,
gﬁ “pigsue creas | Tissue | cocunted one one one of
o ¥ e ' ing. | in g. Islet. Islet | Islet | Islets.
b | i in sq.em,| GM-. in Yy
a.‘ s 7 ; ° ®
8a,0 o
_“,ﬁ 2,27 49 0.96
.4 10,87 1.63 3,18 0.C5 33 0.81 0.89 | 0,348 | 0,365 142,000
.80 175 51 0.91 ‘
i I
2000 5 ;1 51 1.41 |
Blflo e 374 | 3,33 | 0.3 65 1,24 1.41 | 0.679 | 0.713 | 175,000 ]|
5 | 5,42 98 1.58 |
::i 1.8 73 | o0.66 '
"‘,“J'f_z".'ol 2,07 | 1.7¢ | 0.04 73 0.7¢ 0,71 | o0.261 | 0.27¢ | 131,000 |
i I
4] s & 0.0 ;
) 5 |
1.82 2,27 | 2.20 | 0.c5 74 0,71 0,77 | 0.281 | 0.295 | 169,000 |
12.9 d II
2,50 93 0.91 'iﬂ
0.6l I
e e 270 1.03 1
120|268 3.36 | 4.90 | 0.17 80 1,15 1,07 | 0.451 | 0.474 | 347,000 |
0.6 | [ %% 205 1,04 |J
(i
5': 1,84 50 0.88 |
060,92 1.98 2,42 0.05 42 0.66 0,90 | 0,372 | 0.390 123,000 ;i|'
"2} e 3 |1.27 i
RN - il
‘ 411 5,18 6,08 | 0,32 83 1.38 1,41 | 0.679 | 0.713 | 442,000 I
Bl i
4+ |8 317 1.59 I







—_— e ———

st
ISLETS ACINAR TISSUE
Rappit | %t. Wt, Area Area Wt. wt. Area
Sheet . islets Sheet Islets Sheets Acinar Sheets
in g. in g. in in in g. Tissue | in
sq.cm. sq.cm, in g. gq.Cm,
o6, H 4,06 1.33 530,3 173.%7 40,1 25,5 5303.0
B 3,96 .75 " 100.4 32.1 19.7 4242.4
e 3.98 1.64 " 218.5 40,1 27.9 5303.0
| 28, Ee 4,05 0.41 » 53.7 20.1 12.0 | 2651.5
i B 4,06 0,75 " 98.0 32.0 20.4 4242.4
. +3C + 3C + 3C
7. 3.99 1.33 “ 176.8 24,1 15.3 3181.8
+5C + BC + 5C
29, H 4,06 0.25 » 32,7 20.1 12.1 2651,.5
B 3,98 C.16 » 21,3 2G.1 13.1 2651.5
T. 3.95 0.49 ot 65.8 24.2 16.0 3181.8
+4C + 4C + 4C
30. B 3.96 0.29 . 38.8 20.0 13.4 2651.5 1776,6; |
B 4,05 0.44 " 57.6 24,2 16.5 3181.8 23729 |
o + 1C + 1C + 1C
Ts 4,08 0.39 " 50,7 28,2 16,6 3712.1 218514 |
| 31, B 3,99 0.57 2 75.8 32,3 19.0 | 4242.4 agzu.o’h.-‘..e.
| + 7C + 7C +7C |
B 4,07 | o0.62 " 80.8 | 40.2 25.4 | 5303.0 | a0l
T 4,03 0.69 " 90.8 16.1 10.5 2121.2 2400,9] |
+ 5C + 5C + 5C
32, b 3.97 0.76 " 101.5 24.2 12.6 3181.8 | 328460 |
+8C +8C +8C B
B 4,02 0.20 " 26.4 20,3 12,9 | 2651.5 19'05}""{!
+1C +1C +1C _
Te 4,04 0.13 " 7.1 16,1 9.0 2121.2 1135.8‘!-,_!
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s ’ e
fage we. wt, No, Av, Av, Av, Total
| Islet Pan- Islet Islets Area Vol. Wt. No.
| Tissue ~ creas | Tissue | Counted one one one of
it el in g. in g. Islet. Islet Islet Islets,
; in sq.cm, c.p. in Y
5,15 89 | 1,95
3,86 4.98 | 5.89 0.29 56 1.79 1.85 | 1.070 |1.123 261,000
5.92 121 1.81
583 | 3,39 37 1,45
354) (2,96 4.06 | 3,76 0.15 61 1.61 1.69 | 0.838 | 0.880 173,000
= | 1s5.82 104 1,70
oandr |
596.1) | 2.05 42 | 0.78
nosfi 11,25 1.85 | 4,95 0,09 40 0.53 0,71 | 0.261 | 0.274 334,000
917,11 | 2,26 79 0.83
28 1.3
2,3 | 3.03 0.07 45 1.28 1,32 | 0.643 | 0.875 104,000
39 1.30
74 1.02
woil (24 2.71 | 3,70 0.10 69 1.17 1,06 | 0,451 | 0.474 212,000
100,9] | 378 91 1.00
1.97 | 1.00 0.02 25 1.06 1.04 |0.424 | 0,445 44,000
19 0.90
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g .,
i ISLETS g ACINAR TISSUE e
Cortrol. | wt., Wt. | Area area | we. | wWe. | Area | Ave i
" Sheet Islets | Sheet Islets | S-heetsj Acinar;, Sheets | gcling|l
| in g. in g | in in | in g. | Tissue, in | Tiggy
i ! 8q.cm, sq.cm. | | in g. | sg.cm. | dn gl
I | | 1 | -
!I 1.H 4,04 | 0,21 | 536.3 | 27.6 | 20.2 | 13.4 { 2651.5 | 1758.9] |1
| | i i . 2
AN .00 [ 040 | " | 830 | 24.1 | 15.6 | 3181.8 | 2089.g| (2
I . 4.00 | 029 | " | 38,4 | 24,2 | 15.2 | 3181.8 | logg.s
'= | i | | +"
o g 4,06 (0,26 | " | 3.0 | 24.1 14,3 | 3181.8 | 1887.9 | 1,
I * | | I :
B, ¢.06 | 016 | " | 21,0 | 20.1 12.6 | 2651.5 | 16489 | [L
T 4,08 0.41 " | 837 | 24,1 | 15,3 | 3181.8 | 242702
+2C +2C + 20
3. H, 4,07 | 0.15 " 19.5 | 20,1 10,7 2651.5 1411.5 § [
B . 4,04 | 0.22 . 28,9 | 28.1 18.2 | 3ne.1 2404,2 | |1
D 3.99 | 0.27 " 35.9 | 20.2 13.8 | 2651.5 1811,4 | |1
4, H 4,04 | 0.26 " 34,2 | 24,1 15.4 | 3181.8 2033,2 | |1,
4,03 | 0.22 " 29,0 | 24.1 15.7 | 3181.8 2072.8 | X
T 4,05 | 0.15 " 19.6 28,1 18,6 3712.1 2457,1 | |©
ii6. H 4,09 | 0.18 » 23,3 | 20.1 11.5 | 2651.5 1517.0 | 1
], 4.07 | 0.07 . 9.1 | 20.1 14.4 | 2651.5 18996 | |9
S, 4.07 | 0,37 " 48.2 | 20.1 12.5 | 2651.5 2260,4 | |2
: + 3C + 3C + 3C
. 6.H 4.04 | 0.19 " 24,9 | 20,2 10.7 | 2651.5 2422,0 | 11
= +5C + 5C + 5C B
4,64 | 0,29 521.6 32.6 | 18,7 11.5 | 2086.4 31146 | 1
| - +9C +9C + 9C
T, 4,68 | 0.76 - 84,7 23,5 12.8 | 2608.0 4e76,5 | 1
| +16C +16C + 16C
7. B 4,70 | 0.77 " 85,5 | 42,0 20.0 | 4694.4 32414 | |2
B 4,64 | ©,20 # 22.5 | 28,2 18.7 3129.6 2075:9 |
" 4,73 | 0,53 . 1¢2,6 | 37.6 23,0 | 4172.8
- +5C +6C |+ 5C
i i
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| fege Wt. W, No. av, Av. Av, Total
¥ Islet Pan. Islet Islets Area Vel. wt. No.
%8 | ‘r4gsue creas | Tissue | Counted one cne one of
e in g. | in g. Islet Islet | Islet Islets
Bsugi in sq.em, | c.u. in~¥
el A
8.9] [1.57 40 0.89
ol [287 2.02 | 3.0 | 0.06 44 1.20 0.89| 0.348 | 0.365 | 172,000
(1,92 50 0.77

.80 . 84 0.41
9| (127 1.76 | 2.43 | 0,04 54 0.39 ©.43| 0,122 | 0,128 | 334,000
ng | [2:21 107 0,50
1.5 1.33 43 0.48
sp| |80 1.52 | 4.07 | 0,06 62 0.47 0.49 | 0.147 | ©.154 | 402,000
1| 98 64 0.56
3.2 | (1.68 53 0.65
7.1 | |0:80 36 0.54
7.0 | 152 42 0.55
5.6 |10:48 1.38 3.57 | 0.05 17 .54 0,58 | 0,175 | 0.184 | 268,000
3.4 | 1213 73 ©.66
2.0 | (1,08 49 0.51
16 | 168 1,30 | 2.40 | o©.03 61 0.53 0.54 [ 0.160 | 0.168 | 186,000
5,5 | (L:81 147 0.58
L4 | 264 105 0.81
#° (8 2,20 | 2.80 | 0.06 41 0.56 0.72 |0.261 | 0.274 | 225,000
2.0 o
| e 129 0.80







ISLETS ACINAR TISSUE
- Control "o wt. Area Area Wit Wt, Area
Sheet Islets Sheet Islets | Sheets | Acinar | Sheets
in g. in g. in in in g. Tissue | in

sq.0Cm. 80 .Cm, in g. sq.cm.

8.H. 4.66 0.75 521.6 83,9 28,0 | 17,6 | 3129.6
+4C + 4C + 4C _
B, |4.64 0.51 " 57.3 235.5 | 14.0 | 2608.0 | 19607 ||
_ +2C | + 20 + 20 :
T, |4.68 | 1.1 " 123.7 37.7 | 24,2 |4172.8 | 3899.6 ||

+6C + 60 + 6C |
| ‘#
9. H. |4.65 | 0.69 " 77.4 32.8 | 20.5 | 3651.2 | 3910.0 |t
| : + 8C + 8C + 8C ; 1
B, |a4.60 0.27 “ 30.6 37.1 | 23.9 |4172.8 | 2801.6 ||
| +.1C +1C + 1C 1
s | aces 0.18 . 20,2 7.7 | 17.2 | 3129.6 1943.3;
10.8. | 4.60 0.54 " 61.2 32.3 | 19.5 | 3651.2 | 2204.3 | |°
B, | 4.63 0.20 “ 22,5 27.9 | 16.7 | 3129.6 | 1873.3 |
T 4,68 0,24 " 26.7 27.9 | 19.0 | 3129.6 | 2130.6 |1
|

4‘;“

)
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4| Islet Pan- Islet |Islets Area Vol. Wwt. No. .

¢ | Tissue creas | Tissue | Counted one one one of |

v [ in g. | in g. Islet Islet Islet Islets.

y fi[peEss in sq.cm. | Cl.M. in ¥ |

e 0.96 '

3.04 3.00 0.09 59 0,97 0.94 0,372 €.390 234,000 i

187 | 0.90 I

[ (1.8 106 | 0.73 |

* |

1.06 1.36 1.95 0.03 60 0.51 0.61 0.190 0.200 133,000 |

p e '

1,04 35 0.58 |

§ B I

(218 75 | 0.32

i |20 1,74 | 2,19 | o0.04 4¢ | 0.51 O0O.e3 | 0.207 | ©0.217 | 176,000 |

| [1.25 47 | 0.87 |

|

i

l

I
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IR
SECTION V.

' Growth ' in relation to the Diabetogenic and

Pancrectropic Actions cof Anterior

Pituitary Extract.

Young (1941), on the basis of his experimental
work with dogs, has suggested that tae pre-digbetic
increase cf height and weight in children and
adults respectively is due to excessive function
of the anterior pituitary gland compensated by
increased activity of the pancreatic islets, and

that failure of this balanced mechanism from

inabllity of the islets toc maintain thelr overactive

condition ultimately results in diabetes mellitus.
The purpose of the present paper is to adduce
further experimental evidence in favour of such a
theory.
METHOLS

Extract. A crude saline extract of fresh
ox anterior pituitary glands was prepared after the
method of Young (1938), so that 2 c.c. were
equivalent te 1 g. of gland, The extract was

stored at a low temperature without freezing, used

| within 6 days of preparation, and injected by the

subcutanecus route. The injections consisted
either of a constant amcunt of 1.5 g. of gland
per kg. body weight or of a quantity which was
increased by 0,5 g. of gland per kg, at invervals
of 5 or 6 days from an initial 1 g. of gland

per kg. to a final 2,5 ¢. of gland per kg. body
weight./




welight.

Animals. The enimsls Iinvestigated were
English rabbits, eight males and seven females,
and weighed between 1615 and 2211 g., averaging

1983 g. They were kept in metabolism caeges and

given daily 100 g. of a mixture of 40% cats, |
30% bran and 30% maize, 300 g. cabbage, 25 g. hay |
{ four animals only), end water ad 1ib. The
energy value cof this diet was calculated by

anelysing its constituents as regards carbohydrate,

prectein and fat and epplying the usuagl factors
4.1 x 9.3, I2ily measurements inciuded body
weight, food consumption, urinery volume, and,
when present, urinary sugar and ketones., The ten
control rabbits used to estimate the pancreatic
islet tissue were also English, seven males and
three females, and weighed between 1530 and
2380 g., averaging 1947 g.

Estimations. Urinary sugar was estimated

by Cole's method, urinary ketones by the

Van Slyke- lenigds method, and the pancreatic islet

tissue after the method described by Ogilvie (195nj.

The A- and B- cells of the islet tilssue were I
differentially stained by Heidenhain's
haematoxylin,

| RESULTS.
(1) Clinicel Imta. The fifteen animals

so far as their body weight was concerned reacted
tc extract treatment in one or other of three ways

and/ i

pad,
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3.

and were consequently divisible into three groups.
Group 1 consisting of Rabbits 7, 9, 11, 12, 13, 21
end 26 (Figs. 1, 2, 4, 5, 6, 9 & 12) increased in
welght. Group 2 included Rabbits 14, 22, 30 and
32, Rabbit 14 (Fig. 7) contimued vo lose welght
and Rabbit 32 (Fig. 15) to gain weight at the

same rate as each respectively lost or gained
welght under control, while Rabbits 22 and 30
(Figs. 10 & 14) more or less remsined at their
original level. These animals were convenlently
regarded as a group since on the average they
maintained a constant weight., Group 3 made up of
Rabbits 10, 15, 25 and 29 (Figs, 3, 8, 11 & 13)
decreased in welght. The details of the body
weight will now be considered in relation to the
other clinical aspects of the three groups and
entire series (Table 1).

Group 1. The average results of the seven
rabbits in this group are illustrated in . Fig. 16.
The periods of contrcl, treatment and after-
treatment amocunted to 10, 15 and 4 days
respectively and treatment consisted in the
administration of 43.5 g, of gland in average
dally quantities of 2.9 g. During the control
period, the body welight fluctuated slightly about
1920 g. on a more or less constant food value of

295 calories per day, while the daily urine veclume

remained in the regicn of 147 c.c. The body weight

throughout treatment rose steadily from 1939 g.

to 2049 g. This amounted to an average daily
increase/




TABLE I,

246,

Group 1 Group 2 Group 3 Entire Series
7 4 & 15
15 days 10 days 10 days 12 days
43.5 g. 31,5 g. | 28.6 g. 36.3 g.
7.3 g. -0 g. -12.1 g. 1.8 g.
5.7 % -0 % - 5.9 % 1.1 %
r*age caloric inteke
{r day relative to 66 % 65 % 3 % 58 %
- fontrol.
gage urinary volume
erday relative to 87 % 90 % 47 % " %
No. cf animsls 7 A 4 15
Iuration 9 days 9 days 7 days 9 days
Maxiwm 9.6 g. 16.0 g. 2.4 g. 9.4 g.
per day per day per day per day
No., of animals 5 3 4 12
Duration 6 days 3 days 6 days 5 days
Maximum 767 mg. 109 mg. 340 mg. 456 mg.
per day per day per day per day

i
~ Anterior pituitary gland.
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increase of 7.3 g. and a total increase of

5.7 pef cent, The caloric intske fell sharply |
after the start of injections and then rose slowly,
but was still subnormal at the end of treatment, |
it averaged 192 calories per day or 65 per cent of
the daily control intake. Each of the seven

animals, while being treated,showed transitory

glycosuria and also in five cases temporary

ketonuria, Glycosuria appeared on the seventh i
day, reached a maximum of 9.6 g. pe™ 24 hr, on the i
tenth day and lasted 9 days. It varied inversely |
as the body welght in two animels. Ketomuria

showed itself on the aixth day, atteined a peak of
757 mg. per 24 hr, on the ninth day and disappeared
after 6 days. The urine volume fell moderately !
with the start of injections, but by the end of

treatment had risen to a high normel. The average

excretion was 128 ce., per day or 87 per cent of the
daily contrel cutput. The body welght in the i
period after treatment fell abruptly and markedly
and this was accompanied by a moderate reduction !
in energy intske and a slight increase in urine
volume,

Group 2. The average results of the 4 rabbits
forming this group are shown in Fig. 17. The
stages of control, treatment and sfter-treatment
lasted 10, 10 and § days respectively and treatment
lay in the administration of 31,5 g. of gland in

average amounts of 3.2 g. per day. The body |

welight under control turned moderately about
2119 /

247,



| 6.
2119 g. on a food value of 320 calories per day,
of 166 e.,¢c., The body welght during treatment

'averaged 2115 g. and thus maintained its control
level, The caloric inteke with the initiation of

‘1njections fell more or less abruptly at first
end then recovered tc some sxtent, but nevertheless

' remained definitely depressed. It amounted to an

' average of 207 calories per day or 65 per cent of

!the daily control value. Bach of the 4 rabbits as
ia result of treatment showed transitory glycosuria
'and also in three cases temporary ketcnuria.
Glycosuria came on the fifth day, rcse to s peak

of 16,0 g. per 24 hr. on the ninth day and
idisappeared after 9 dayse, It varicd inversely as

'the body weight in two animals, Ketonuria started

on the eighth day, reached a maximum of 109 mg. per
|24 hr, on the eighth day and lasted 3 days. The
3ur1ne volume fell moderately after the start of
injections and then rose gradually so as te reach
normal by the end of treatment, The average output
|of urine was 141 c.c. per day and therefore 90 per

cent of the daily control excretion, The body

‘partially recoﬁered, while the energy intake after
Ia slight initial decline rcse to low normal, The
urine at the same time was on the average slightly
raised above the control excretion level.

Group 3. The average results of the 4 animals
comprising this group are illustrated in Fig. 18,
The/

fwhile the dally urine volume was in the neighbourhood

weight after treatment fell sherply at first and then

248..
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|
!The stages of control, treatment and after-treatment

- eamcunted to 10, 10 and 5 days respectively and

treatment consisted in the injection of 28.6 g.
gland in average quantities of 2.9 g. per day. The {
body weight in the control period followed a fairly

even course about an average of 2031 g. on a more or

less constant food value of 293 calories per day,

while the daily urine volume varied only slightly |

and averaged 149 ce. Iuring treatment, the body |

weight remained within normal range for the first few
| days, but thereafter fell to become stabilised at m |
| lower level, The loss amounted to 12,1 g. per day
and a total of 5.9 per cent. The caloric intske i
 incidentally fell to slightly less than 100 calories

per day on the second day of treatment and thereafter

continued almost constantly at that level to the end
| |
{of injections. The food value for the period i
:aVeraged 113 calories per day or 39 per cent of the |

 normal intske. BEach of the animals during treatment

exhiblted transitory glycosuria and ketomuria,
Glycosuria appeared on the seventh day cf treatment, ‘
reached a maxlimum of 2,4 g. per 24 iw. on the tenth
dey and lasted 7 days. Ketomuria began on the sixthi
day, rose to 340 mg. per 24 hr, on the eighth day and‘
disappeared after 6 days. The urine volume after ;
the start of treatment fell more or less abruptly |
and contimed at a definitely depressed level until

the end of treatment. The urine ocutput averasged

7C ac. per day or 47 per cent of the normal daily

excretion, The period after treatment was

characterised/
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characterised by a sudden, marked fall fcllowed by a !
I
partial reccovery in body welght, a steadily increasing

energy intake and a return of the urine volume to i

normal.

Bverage of Entire Series. The average results of }
the 15 animals are shown in Graph 18. The periods i
of control, treatment and after-treatment lasted 1
respectively 10 days, 12 days and & days and treat-
ment consisted in the administration of 36.3 g. gland
in daily injections cf 3.0 g. Under contrcl, the
body welght, energy intake and urine volume were
respectively 2002 g., 301 calories and 15C c.c.
During treatment the body welght was 2024 g. or 1.1
per cent greater than the contrcl; while the fcod
value fell to 1%5 calcries or 68 per cent of the |
normal and the urine excretion to 116 c,e, or 77 per
cent of the control. Each of the 10 animals in this
periocd showed transitory glycosuriu and in 12 cases |
also temporary ketomuria, Glycosuria began on the
sixth day, reached a maximum of 9.4 g. per 24 hr, on
the tenth day and lasted 9 days. Ketomurias started
on the sixth day, attained a pesk of 456 mg. on the
ninth day and disappeared sfter & days. After
treatment (cmitting 4 animals owing to insufficient I

data) the body welght, energy intake and urine volume

 were respectively 1940 g., 187 calorlies 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 rabbiis and also in |
10 control animals are glven in Tables 2 and 3. ‘
The/



TABLE II,

Injected Rabbits

I'Ho, Wt, of Average Wt, Number of
Islet Tissue of Islets Islets
¥ in g. in Y

r. L 0.04 0. 380 95,000
3, 0.07 0.471 143,000
i 0.15 0.496 308, 000
| i 0.08 0.302 153,000
B 0.08 0.633 119,000
6, 0.02 0.380 63,000

M 0.06 0.220 276,000
18, c.16 0.447 361,000
9. 0.05 0.302 165, 000
Lo, 0.17 0.447 385, 000

3 B 0. 36 0.793 452, 000
12, 0.30 1.103 272, 000
L3, 0.10 ©.284 336,000

L g 0.07 0.663 106,000
15, 0.02 0.496 46,000
0.113 0.494 218,000

t0.026 +0.089 t 34,000




TABLE III.
Control Rabbits.
Ko, Wt. of Average Wt. Number of
- Islet Tissuse cf Islets Islets
in g. in Y
L 0.06 0.359 176,000
|
2, 0.04 0.122 | 363,000
l -
t, 0.06 0.220 266,000
5, 0.05 10,206 247,000
6, 0.03 10,179 186,000
l
P 0.07 | -0.302 | 220, 000
B. 0.09 0.402 | 229, 000
b, 0.03 | 0,220 ; 130,000
1
(Lo, 0.04 | 0.235 ; 166,000
SR |
_, a
* |Average  0.053 0.240 ; 238,000
 [standarg 3
| Error, +0,006 *0.028 | +27,000
T !
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The injected series had on the average more than i
twice as much islet tissue by welght as the control |
group, whlle the islets of the injected animals
compared with those of the control rahbits were on

the average more than twice as much by weight (Fig.zcﬂ

and within similar range as regards mumber, Finally, |
|

the 1slets of the injected animals apart from their

increased size were normal architecturally and in
'their proportion of A- and B- cells.
| D ISCUSSION |

The animals in this investlgation responded to i
| treatment with crude antericr pituitary extract by !
increasing actuelly or relatively in weight on a }
Gistinetly smaller caloric intaske than that normally i
required for the maintenance of constant body weight.‘
Such an observation is iIn agreement with the results ‘
of previocus investigators, Thus, Lee and Schaffer i
(1934) and Lee (1938) found that when restricted to |
the same food intake normal rats treated with |
anterior pltuitary extract geined significently more 5
weight than controls. The ssame finding was obtained "
in hypophysectomised rats by Harx,'Simpson, Relnhardti
and Evans (1941-2), who alsc noted that the internal
orgaens except the thymus gresw at approximetely the
same rate as the body as a whole, Again, Young
(1941-2, 1942) has shown that on a constant daily

emount of food just sufficient to maintain its body
welght a normal dog or cat treated with pituitary

extract increases in weight despite the occcurrence

of/

M |
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of glycosuria, These investigations and the
present thus justify the conclusion that anterior ‘
pituitary extracts probably lead to reduced
cetabolism or increased ansbolism or even to both
of these phenomena concurrently.

A combination of reduced cataboliasm and

increased anabolism with a consequent rise in body |

| weight is indeed comprshensible in the light of some

of the known actlons of anterior pituitary extract.
Thus, the oxidation of carbochydrate as emphasised I
by Russell (1938) i1s suppressed by its diabetogenic |

property, while en equelly important effect according?
to Mirsky (1938, 1939) is a dimimution of protein
catabolism, B8Such an action on protein metabolism I
is in Mirsky's opinion mediated through the
gsecretion of insulin by the pancreas. Twice the
amount of insulin, morecover, can be extracted after
the same treatment with anterior pituitary extract
as produces dcuble the guantity of psncreatic islet
tissue (Marks & Young, 1940), Accordingly, the
hypertrophied islets here cbserved may be regarded
not only as & manifestation of the pancrectropic
action of the extract (Ogilvie, 1944), but alsoc as
& source cf additional insulin and, by feaaon thereof,
part of the mechanism whereby the extract reduces
protein catabelism. Now, ancther effect of the
augmented pancreatic islet tissue and insulin would

naturally be to increase the ansbolic processes

controlled thereby with the result that the carbon

and nitrogen conserved through the reduced

catabolism/

254%




‘of carbon and nitrogen ineurred by the diabetes.

| protein breought about by snterior pitultary extract |

. The consequent rise in body weight, in other words,

13,

catabollsm of carbchydrate and protein would be
synthesised respectively into more carbohydrate and
possibly fat (Romy, 194C) and into more protein !
(Mirsky, 1938, 1939). The ocutcomeé would be an
increase in body weight, The transitory glycosuria
which constantly accompanied this rise in body welght

is explained by a temporary excess of the
diabatogenic action of the sxtract over pancreatic
islet activity, but the already noted increase of
the islets in size and functicnal capacity induced
by the pancreotropiec property of the extract always
ensued to neutralise the disbetogenic effect snd i
cause subsidence of the ccndition. The fact that
the glycosuria sometimes varied inversely as the
body weight amgreess with the cbservation of Young
(1942) in the dog end was prcobably due to the loss

Briefly, the reduced catabolism cf carbohydrate and

can thus be aseribed to a combination of its

dlabetogenic and pancreotropic properties, while its |
pancrectrople influence is slso responsible for the

increassed anabolism of protein and possibly fat.

may be regarded as due to the dlabenogenic activity
of the extract balanced by increassed pancreatic
islet funetion induced through the pancreotroplc
action of the extract. Relatively excessive
Giabetogenic action or similarly decreased islet
function, on the other hand, results in diabetes and
ultimately/




: ultimately in a loss of weight.

14,
|
Such experimentasl results throw suggestive '
light on the genesis of human diabetes mellitus. As
initially stated,; the children who develop diabetes }
are cften abnormally tell, while the majority of i
adult disbetic csses are or have been obese. Obese |
subjects at the same time do not increase in weight
continuously, but acquire most of their coverwelght

in the first few years and thereafter melintein a

state of more or less equilibrium (Iunlop &

Murray-Lyon, 1931). They finally lose weight with
the onset of dlabetea. Further, Ogllvie (1935),

assuming sugar tolerance to be an iumdex of pancreat1£
islet activity, believes that thé islets in a

proportion of obese diabetic subjects pass through }
phases of increased, normal, and decreasad ﬁunetion,J
while the fact that the islets in a considerable !
percentage of obese subjects are compensatorily |
hypertrophied (Oglivie, 1933, 1938) also suggests

that these structures are overactive at first and

later depressed, Finally, Rabinowitch (1938),
having observed that diabetic subjects on calcric |
intakes definitely below theoretical reguirements ‘
elther maintain their weight or lose very much less
weight than the anticipated amcunt, has thereby shown
that the disbetic condition ig characterised by
recuced catabolism or increased anabclism or both.
Now, all these phenomena - increase and decrease
in body weight, parallel phases of pancreatic islet
function, hypertrophy of the pancreatic islets, and

assceiated/

256, |




associated reduced catabolism and incressed
anabolism « also cobtalned in the present pituitary-
treaeted rabbits, andéd a mechanism similar to that
described in these animals may consequently be
sssumed for their correlation in the humen diabetic
subject. In cther words, the prediabetic increase
of height and welght in children and adults
respectively, as Young (1941) has ststed, may be
regarded es due to excessive antericr pituitary

activity with the digbetogenic action thereof

temporarily ccmpensated by inereased pancreatic islet

function induced through the psncreotropic influence

of the gland. Failure of the balance of this
mechanism throught islet exhaustion would

ultimately result in disbetes mellitus,

SUMMARY ANL CONCIUSIONS,

1, Fifteen English rabblits maintaining an
almost constant body weight and urinary volume on
e practically fixed caleric intake were intensively
trated with crude ox anterior pitultary extract.

2. The snimals s s result of this treatment
increased sctually or relatively in welght on a
definitely reduced caloric intaske. The dimirution
in focd value was due mainly to loss of sppetite,
but alsc partly to dissipation of energy through
temporary glycosuria and ketomaria,
| 3. The pancreatic islets of the trested
animals, while numericelly normal, were cn the
averasge more than twice as heavy as those cof g

control/

1
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ccntrol series, \

4, The agctual or relstive increase in body i
welght of the injected rabbits on =z reduced feod !
value Indicates that antericr pitultery extract
leads to reduced catabollsm and increased anabollsm.

These effects are attributed to the diabetogenic

acticn of the extract on the one hand and on the

| other to increased pancreatic islet functicn 1nduced|
through the pancreotropic property of the
preparation.

5. The above observatlions support the

suggestion of Young (1941) that the nredisbetic
excess of helght and weight in chlldren snd adults |
respectively 1s due to an elevated hypophysial-

[ pancreatic balance, failure of which through islet

’ exhaustion results in digbetes mellitus.
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261.
Rabbit 7 (Male).
o Body Urine Tiet Total Urine Total Urine Total A.P.E,
| weight Volume per Cals® Sugar Urine Ketcnes Urine
o in g. in c,c. 24 hr, per in Sugar in Ketones
24 hr, g.% por mg. % per
24 hr, 24 hr,
in g. in mg.
51&40 1771 236 10C g,.bran 308 - - - - -
3 250 ge.cab.
[pe0 - 196 100 g.bran 308 5 s - 2 "
250 g.cab.
40 1785 101 100 g.bran 308 - i N - -
# ; 250 g,cab,
10,40 1799 258 10C g.bran 308 - - - - -
2 280 g.cab,
9 %
)40 1806 147 100 g.bran 308 - - Blank - 20 - -
: 250 g.cab.
410,40 1785 20C 100 g.bran 308 - - - - -
250 g.csb.
10,40 1700 a7 50 g,bran 154 = - - - - -
il 125 g.cab.
040 1771 12¢ 100 g.bran 308 " - - - -
2 50 g.cab,
110,40 - 200 10C g.bran 308 - - - - -
250 g.cab,
10,40 1814 139 100 g.bren 308 - - - - ~
q 250 g.cab.
1785 i91 100 g.bran 308 - - - - 1.0 g.per kg.
250 g.cab. (306 c-co)
1857 151 100 g.bran 308 - - - - 1.0 g.per kg.
250 g.cab. (3.8 c.c.)
1842 11¢C 80 g.bran 154 - - - - 1.0 g.per kg.
125 g.cab. (3.8 c.e.)
1871 76 50 g.bran 154 - - - - 1.0 g.per kg.
: 125 g.cab. (3.8 c.c.)
1871 144 5C g.bran 154 - - - - 2,5 g.per kg,
- 125 g.cab. (9.6 c.c.)
- 74 50 g.,bran 154 - - - - -
125 g.cab.
Calories

Blank hes nct been deducted from either
total ketones.

percentage or



i 20, 262.. 'T
. il
. Body Urine Diet Toctal Urine Total Urine Total A.P.B, |}
e,  Welght Volume per Cals, Sugar Urine Ketones Urine Il
J in g. in c.c. 24 hr, per in Sugar 1in Ketcnes i
N _ _ 24 hr, g.% per mg, % per I
24 hp, 24 hr, I
in g. in mg, s
(11
1842 141 C g.bran 23 - - - - 1.5 g.per kg. |
: 1256 g.cab. (5o8 coc¢) !
1814 91 0 g.bran 19 - - 100 91 1.5 g.per kg.ﬁ
100 g.cab. (6.4 ae.) :
1814 125 20 g.bran 88 0.1 0.1 13 168 1.5 g.per kg.
190 g.cab. (5.4 c.c.) §
1842 121 50 g.bran 162 3.0 3.6 109 132 2.0 g.per kg.
165 g.cab. (7.6 e.¢.)
A '
40 1842 133 60 g.bran 231 5.5 7.5 154 205 2.0 g.per kg. |
' 200 g.cab, (7.6 c.c.)
Jn4 1871 172 40 g.bran 151 0.8 1.4 - - 2.0 g.per kg.
? : 250 g.cab. - : (7.6 coc.) |
! | I
J11.40 = 183 20 g.bran 99 c.1 0.2 - - 2,0 g.per kg.:gi
W 250 g.cab, (7.6 e.c.) |
111.40 1871 233 40 g,bran 151 c.1 0.2 s - 2.5 g.per kg.|
250 g.cab. (9.5 ec.c.) |
. |
1871 248 20 g.bran 99 0.1 0.1 = L 2.45 g.per kg. |
. 250 g.cab. : (9.1 c.c.) ||
|
1842 198 10 g.bran 73 - & = - - |
250 g.cab. .
1814 145 - - 0.2 0.2 - - -
| D IED.

3 g




?’f ' 21. 263., r
Rabbit 9. (Male)
Bod Urine Liet Total Urine Total Total A.P.E, w-
FW' Weight Volume per Cals, Sugar TUrine Ketones Urine |
) in g. in c,c. 24 hr, per in Sugar Ketones
24 hr, g. % per per
24 hr, 24 hr, - "
in g. in mg. - it
- |I
1615 138 100 g.bren 308 - - “ o il
1587 208 100 g,bran 308 - > - 4
250 g.cab, i
1615 178 100 g.bran 308 - - = x |
250 g.cab. i
1558 148 160 g.bran 308 - - - -
250 g.cab,
- 150 100 g,bran 308 - - - a
260 g.cab,
1658 194 100 g.bran 308 = - - -
250 g.cab.
1615 164 10C g.bran 308 - - - - |
250 g.cab. i
1643 169 100 g.bran 308 - - - 1.0 g. per kg.|
250 g.cab. (3.2 e.c.) ;l
1757 108 100 g.bran 308 - - - E o g. por k |
250 g, cab. 3,6 ¢.C.
1240 1729 143 50 g.bran 195 - - - 1.0 g. per kg.,
220 g.cab, (3.4 c.c.)
fl2.40 1643 230 30 g.bran 119 - - - 2x 1 g. per kg.
220 g.cab, (6.4 c.c.)
140 50 20 g, bran 74 - - - -
115 g.cab. _
fed40 1672 120 50 g.bran 168 - # - 1.5 g. per kg.'
{ : 200 g.ecab. (8.2 e.c.)
12,40 1700 128 60 g.bran 196 - - - 1.5 g. per kg. |
j 210 g, cab, (5.2 c.eq) i
L1240 1729 181 85 g.bran 267 - » - 1.5 g. per kg.
240 g.cab. (5.2 c.c.) ||
1240 1729 170 8C g.bran 252 0.3 0.6 - 1.5 g. per kg.
z 230 g.cab. (5.2 coc-)
1700 31 Fasting 50 - - -~ 1,5 g. per kg.
(5.2 c.c.) ||
1785 169 80 g.bran 256 0.4 V.6 - 2.0 g, per kg, e!
250 g.cab. (7.2 c.e.) |

|
4

"



e, Body  Urine Dlet 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 Eetones
, ) 24 hr, g, £ per mg. % per
24 hr. 24 hr,
s in =, in mg,..
12,40 - 180 100 g.bran 308 0.3 0.8 - - -
R 250 g.cab.
112,40 1757 265 100 g.bran 308 -. - - - 2.0 g, per kg, |
(. 250 g.cab. (6.8 ec.c.) ,
112,40 1785 180 10C g.bran 308 - ” > - 2.0 g, per kg. |
! 250 g.cabu (‘?-2 &ct)
1 250 g.cab. {7-2 C.B.) I:_
 hl12,40 1814 221 100 g.bran 308 2,3 5.1 - - 2.0 g. per kg.
= 250 g.cab. (7.2 6.¢.) |
© J12.40 1785 232 100 g.bran 308  6.6.. 15.3 - - 2.0 g. per kg. |
- 250 g.cab, (7.2 e.2.)
12,40 1785 205 100 g.bran 308 3.3 6.8 - - 2,5 g. per kg. |
250 g.cab. {9 e.c.)
;J,_la.m - 218 80 g.bran 256 0.3 0.7 - - 2.5 g. per kg.
: 250 g.cab, (9 e.c.) %
12,40 1814 217 100 g.bran 308 - - - - 2.5 g. per kg.
‘ 250 g.eab. {9 c,c.)
J;-1§.40 1799 201 100 g.bran 3C8 - - - - 2.5 g. per kg.
) | 250 g.cab. (9 c.c.)
12.40 1806 209 100 g.bran 308 = - - - -
! 250 g.cabc
: M.w 17856 218 100 g.bran 3C8 - - - - -
_‘&&40 1785 182 30 g.bran 128 - - - KILLED.

250 g.cab.




23, " 265,
Rabbit 10, (Female)
le. Body Urine Iiet Total Urine Total Urine Total A.P.E.
Weight Volume per Cals. Sugar Urine Ketones Urine
. in g. in e¢.c, 24 bhr, per in Sugar in Ketones
- 24 hr, g.% per mg. %  per
24 hr, 24 hr,
3 in g. in ng.
12,40 1814 152 100 g,bran 318 - = - - -
I 300 g.c&b-
. h40 1814 180 100 g.bran 318 - - - - -
£ 300 g.cab,
Lo 1871 174 100 g.bran 318 - - Blank = 35 - ”
P 300 gl.cab.
{40 1956 151 100 g.bran 318 - - . " -
300 g.cab.
140 1871 170 70 g.bran 237 - - - - -
290 g.cab.
%rw - 185 100 g.bran 318 - * - - -
E 300 g.cab.
40 1956 173 100 g.bran 318 - - - - -
' 30C g.cab.
140 1927 181 100 g.bran 314 - - - - -
280 g.cab,
40 1956 122 100 g.,bran 318 - - - - -
300 g.cab.
140 1984 131 100 g.bran 318 - - - - 1.0-g.per kg.

% 300 g.cab. ( 4 C_.c.)
ﬁdsﬂ 1984 109 50 g.bran 177 - - - - 1,0 g. per kg. |
| ! 250 gQEab- (4 c.cl)
rd&o 1927 110 30 g.bran 129 o = . - 2 x 1 g.per kg.

270 g.cab. (7.6 c.c,) [

Al - 835 70 g.bran 219 - - 12 10 "
19C g.cab, _
: LJAG 1956 106 80 g.bran 247 - - - - 1.0 g. per kg. |
i ) . 20(: g.e&b. (3-8 cac-} !
40 1871 80 20 g.bran 80 0.7 0.6 10 8 1.5 g. per kg.

! 150 g.cab. (508 c-co}
1140 1871 65 0 g.bran 28 1.8 1.2 184 120 1.5 g. per kg.

i = 150 g.cab. (8.8 e.c.)
a5ﬁ160 1342 101 30 g.bren 97 3.7 3.7 539 544 1.5 g. per kg.
' ' LOO g.cab. (5.8 c.c.)

1 ;3‘
= _:_t"\ =S

total ketones "

& Blank has been deducted from both percantage and
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2686.
s, Body Urine Dlet Total Urine Totel Urine Total A.P.E,
‘ Weight Volume per Cals. Sugar Urine Ketones Urine
in g. in ¢.c. 24 hr, per in Sugar 1in Eetcnes
24 nr, g.% per ng. % per
24 hr, 24 hr.
in g. in mg.
1,40 1757 ec fasting ? 80 6.7 4.0 159 95 1.5 g.per kg.
(5.4 c.c.)
{140 1814 80 40 g.bren 149 2.0 1.6 131 106 1.5 g.per kg.
g 240 g.cab. (5.4 c.c.)
- 106 80 g.bran 943 2.8 3.0 54 57 1.5 g.per kg.
18C g.cab. (5.4 c.c.
1140 1871 129 100 g.bran 308 3.3 4.3 - - 2.0 g.per kg,
| 250 g.cab. (7.6 c.c.)
{140 1899 110 100 g.bran 303 1.9 2.1 = - 2.0 g.per kg.
220 g.cab. (7.6 c.c.)
.I*.1.40 1927 146 100 g.bran 318 2.3 3.4 - - 2.0 g.per kg.
| 300 g.cab. (7.6 c.c.) |
: |
1140 1927 114 100 g.bren 318 0.9 1.0 " - 2.0 g.per kg.
300 g.cab, (7.6 c.c.)
1140 1814 143 20 g.bren 80 - N - : ’
- 150 g.cab.
'Al.éo 1530 190 o & & . " " .
] |
ql.40 - 140 - - - - - - - :
{40 1843 72 - s = “ - -
1140 1700 47 70 g.bren 211 - = - - -
. 15C g.cab,
-?.-1..40 170¢ 143 100 g.bran 312 - - - o -
270 g.cab.,




Rabbit 11. (Female)
he Body Urine Iist Total Urine Total Urine Total AP.E,
" Weight Volume per Cals., Sugar Urine Keténes Urine
in g. in c.ec. 24 hr, per in Suger in Ketones
24 nr, -g. % per ng.%  per
24 hr. 24 hr,
ir g. in mg.
1 300 g.ceb.
1,41 1672 140 100 g.bran 318 - - - - -
l 300 g.cab.
1,41 1643 130 100 g.bren 318 - - Blank = 40 - -
300 g.cab.
1,41 1643 111 100 g.bran 318 - - - - -
300 g.cab.
11,41 = 133 10C g.bran 318 - - - - -
| 300 g.cab,
» Al.41 170C 115 10C g.,bran 318 - - - - -
' : 30C g.ceb.
.4 1700 148 100 g.brsn 318 - - - - -
' 30C g.cab.
{4 1700 151 100 g.bran 318 - - - - -
300 g.cab.
. 4l.e1 1700 94 106 g.bran 318 - - - - -
300 g.cab.
41 1700 106 100 g.bran 318 - - - - -
300 g.cab.
1141 1729 142 100 g.bran 318 - - - - -
30C g.cab.
5‘1.41 - 181 10C g.bran 318 - - o - -
300 g.cab.
4 1729 95 100 g.bran 318 - - - - -
300 g.cab.
1 160 w2 100 g.bran 318 - - - - -
¥ 300 g.eﬂb.
¥ 1729 100 100 g.bran 38 - - - - 1.0 g.per kg.
) 300 g.cab. (4,3 c.c.)
;. kl.u 1700 oR 100 g.bpan 318 = i - N 1.0 g.per kg.
T 300 g.cab. (3.4 c.c.
P B aveo s 50 g.bran 179 - - - - 1.0 g.per kg.
260 g.cab. (3.4 c.c.)

§

* Blank has been deducted from total, but not from
percentage ketones,



!!!!Lw__

e
s, Body Urine Het Total Urine Total Urine Total A.P.E,
weight Volume per Cals. Sugar Urine Ketones Urine
in g. in ¢,c. 24 hr. per in Sugar in Ketones
24 hr, g.% per mg. # per
- 24 hr, 24 hr,
i in g, in mg.
241" 1700 20 7C g.bran 235 - - - - 2x1.0 g. per kg.
' ‘22 g.hay * 6.8 8.c.)
Cdodl - - 61 70 g.bran 211 - - 124 51 -
drs1 1787 170 80 g.bran 265 - .. - - 1.5 g. per kg.
300 g.cab, (5.4 c.e.)
|41 1757 136 100 g.bran 300 7.7  10.5 129 121 1.5 g. per kg.
di555% 20C g.cab, (8.4 c.c.)
o 41 1767 157 100 g.bran 305 9.4 14.8 232 201 1.5 g. per kg.
_ 230 g.cab, (6.4 c.c.)
lp.41 1787 125 100 g.bran 300 6.0 7.6 627 609 1.5 g. per kg.
200 g.cab. (5.4 c.c.)
o8l 1700 63  fasting - 8.3 3.3 701 404 1.5 g. per kg.
: (5.4 c.c.)
.41 1729 80 50 g.bran 189 5.0 4.0 86 37 1.5 g. per kg.
i 150 goeabo (504 e-co)
4l - 64 100 g.bran 309 6.7 4.3 55 10 1.5 g. per kg.
250 g.cab, (5.4 c.c.)
1785 105 100 g.bran 318 7.0 7.4 30 - 1.5 g. per kg,
300 S.cab. (50 c-c-)
1786 156 1€0 g.bran 300 5.5 8.6 - - 1.5 g. per kg.
200 g.cab, (5.4 c.c.)
41 1814 152 100 g.bran 300 2.8 4.3 - - 1.5 g. per kg.
200 g.cab- (504 cnci}
1787 118 100 g.bran 3C0 3.0 3.5 - - 1.5 g. per kg.
200 g.cab- (504 c'c.)
%41 1871 61 100 g.bran 313 141 0.6 - - 1.5 g. per kg.
270 g.cab. (5.8 c.c.)
24 1757 181 100 g.bran 300 0.9 1.6 - - 1.5 g. per kg.
200 g.cab. (6.4 c.c.)
AL . 127 100 g.bran 300 0.04 0.1 - - 1.5 g. per kg.
. 200 g.c-ab. (50 c-c-,
100 g.bran 300 C.5 0.4 - - 1.5 g. per kg.
200 g.cab. (504 c-c-) .
100 g.bren 309 - - - - 2.0 g. per kg. |
250 g.cab. (7.2 e.c.)




S S E——
_ 2%. 269,
%! Body Urine Iiet Total Urine Tobtal Urine Total A.P.E,
' Weight Volume per Cals. Sugar Urine Ketones Urine
in g. in c.c. 24 hr. per in Sugar 1in Ketones
24 hr, g.% per mg.%  per
24 hr, 24 hr,
in g. in mg.
041 1814 128 100 g.bren 318 - - - - 2.0 g. per kg.
3C0 g.cab. (7.2 c.c.)
1 250 g.cab. (7.2.c.c.)
jo41 1700 385 ¢ g.bran 19 - - - - -
4041 1714 200 ¢ g.bran 19 - - - - -
gl 1C0 g.cab.
10,41 - 143 10C g.bran
- 1656 g.cab. 203 - - - - -
{241 1601 86 50 g.bran 189 - - - - -
' ' - 180 g.cab.
§2.41 1629 76 100 g.bran 309 - - - - -
' 250 g.cab.
1241 1643 60 100 g.bran 295 - - - = -
' 180 g.cab.
- ‘a{l 1587 43 . . B " - - -

C—

[
]



1 28, 270,
Rabbit 12. (Female)
fs. Body Urine Iiet Total Urine Total Urine Total A.P.E,
Weight Volume per Cals. Sugar Urine Ketones Urine
in g. in e¢.c. 24 hr, per in Sugar in Ketones
2¢ hr, g.% per mg, % per
24 nr., 24 hr,
in g. in mg.
‘;2.41 2197 210 100 g.bren 318 S - - ” -
300 g.cab.
. 0,41 2239 172 100 g,bran 318 - - - - -
?' ‘ 300 g.cab.
12,41 22563 181 100 g,bran 318 - - - - -
Rid, | 300 g.cab,
_j,‘g,u 2211 180 100 g.bran 318 . - Blank = 14" - "
' SCC g.cab.
; 13.11 2168 191 100 g,bran 318 - - - - -
300 g,cab,
: 30C g.cab.
3 300 g.cab.
! .F.'!l 2211 130 100 g.bran 318 - - - - -
30C g.cab,
b 41 2126 124 fasting - - - - - -
[ §41 2154 72 80 g.bran 237 - - - - 1.0 g er kg.
, 150 g.cab. (4 oC.)
i '!2‘--41 2211 60 50 g, bran 168 - - - - 1.0 g. r kg.
200 g,cab. (4 ol
' 1-3.11 2211 54 50 g.bran 177 - - - - 2x 1.0 g,per kg,
250 g.cab. (8.8 c.c.)
N - 40 30 g.bran 125 5 - - - -
250 g.cab,
JQ_‘-MI 2211 174 50 g.bran 187 2.0 3.5 - - 1.0 g. per kg.
! 30C g.cab, (4,4.c.c.)
441 2267 €8 0 g.bran 19 5.8 4.0 330 215 1.5 g. per kg.
100 g.cab. (6.8 c.c.)
541 2211 66 20 g.bran 89 2.3 1.5 798 518 1.5 g per kg.
200 g.cab. (6.4 c.c.)
"84l 2239 67 - " 1.8 1.2 413 267 1.5 g. per kg.
| (8.6 c.c.0
M4 2267 75 90 g.brem 99 2.0 1.5 985 728 1,5 g.per kg.
2308g_0ab. (6.% c.(‘}-)

il % &::taha been deducted from total, but not from percentage
| ketones



o71.

Jte. Body Urine fiet 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.
in g. in mg.
: 250 g.cab. (6.4 c.c.)
T - 87 - - 0.7 .8 98 56 2.0 g. per kg.
1 (8.8 c.c.
‘{541 2239 131 50 g.bram 177 0.2 0.5 58 58 2.0 g. per kg.
TR 250 g.cab. (8.8 c.c.)
'.'3..41 2211 120 10 g.bran 73 - - 20 7 2.0 g. per kg.
1 250 g.0ab. (8.8 coco)
13,41 2211 138 20 g,bran 104 - - - - 2.0 g. per kg.
_ 280 g.cab., (8.8 c,c.
1,041 22867 92 60 g.,bran 202 - - - o 2.0 g. per kg.
24‘0 gocabu . ' (9-0 coco
4341 2206 126 95 g.,bran 290 - - - - 2.5 g. per kg.
220 g-cab. (11l2 cocv)
15,41 2267 138 80 g.bran 256 - - - - -
' 250 g.cab.
434l - 116 98 g.bran 298 - - - - -
266 g.cab.
.41 2041 93 70 g.bran 232 & x - - =
260 gacaba
1341 198¢ 260 100 g.bran 318 - - o g
300 g.cab.
-w.a.u 2041 153 100 g.bran 318 " - - - -
300 g.cab.




. e 3 572.

Rabblt 13 (Male)
1 Body Urine Hlet Totel Urine Total Urine Total A.P.E.
|" Weight Volume  per ~ Cals. Sugar Urine Ketones Urine
in g. 1in c.c. 24 hr, per -~ 4in Sugar in Ketones
24 hr, g.% per mg.%  per
24 hr, 24 hr,
in g. in mg.
s 2126 159 0 g.bran 54 “ - " - am
290 g.cab,
s 2069 162 30 g.bran 127 . . ‘ s -
| . 260 g.cab.
{541 2069 160 50 g.bran 175 - - - - :
g 240 g.cab, |
1.5,41 209% 172 0 g.,bran 95 - - Blanke 28# - -
90 g.cab.
15,41 2041 112 20 g.bran 106 - - - - -
- 290 g.cab.
$:4 - 131 10 g.bran 73 = - " - _
hi. 250 g.cab.
541 2183 114 30 g.bran 123 - - B = 2
24C g,cab.
[3,41 2097 296 20 g.bran 108 - & - - -
e 300 g.cab.
g - 230 g.cab.
341 2097 115 40 g.bran 155 - ” » " 2
270 g.cab. |
541 2097 145 40 g.bran 187 - - - - =
280 g.cab,
%41 2069 162 50 g.bran 179 - - - - _J
* 260 g.cab,
1341 - 170 0 g.bran 56 - - - - .
300 g.cab.
5,41 2041 203 90 g.bran 291 - = = i -
: : <00 g.cab.
14 2041 136 30 g.bran 134 - . - - "
L 30C g.cab,
L4 2012 61 fasting - - - - - -
4 2041 64 30 g.bran 130 w - - - -
L - 280 g.cab.
M4l 2041 35 60 g.bran 213 - . = - -
deducted from total, but not percentage




e S e
Body Urine Hiet Total Urine Total Urine Total A.P.E,
Welight Vclume 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.
in F in mg.
Lyl 2069 116 50 g.bran 185 - - - - -
i 290 g.cab. '
i - - - - - - - - -
{41 2069 104 100 g.bran 290 - - - - 1.5 g. per kg.
I 150 g.cab. (6.3 c.c.)
L1 2041 149 0 g.bran 35 ” = = - 1.0 g. per kg.
' 190 g.ceb. (4.6 c.c,)
"‘,m 2041 67 65 g.bran 213 - - 260 185 1.5 g. per kg.
230 g.cab. (6.0 c.c.

14,41 2097 59 O g.hran 46 - - 552 309 1.5 g. per kg.
250 g.cab- (6!5 c-c.

4,41 2097 78 40 g.bhran 145 - - 2 O 1,5 g. per kg.
215 g.cab, (6.3 c.c.}

11,41 2183 123 20 g.bran 99 6.2 7.6 52 3 1.5 g. per kg.
‘ 250 R-Q&b. (6-6 c.c.)

T 112 50 g.bran 179 8.8 9,9 750 809 1.5 g. per kg.
260 g.esb, : (6.6 c.c.)

41 2154 139 fasting - 9.8 13.6 932 1257 1.5 g, per kg.
' (6.3 c.c.)

.41 2154 187 70 g.,bran 237 0.2 0.3 83 47 1,5 g. per kg.
{ 290 g.cab. _ (6.3 e.c.)

1441 2126 130 50 g.,bran 184 0.1 0.1 = 34 g8 1.5 g. per kg.
285 g.cab. (6.3 c.c.)

144 2154 110 50 g,bran 187 - - - - 1.5 g. per kg,
30C g.cab, (6.3 c.c.)

441 2183 132  fasting = .2 0.3 % - 1.5 g. per kg.
_ (6.3 c.c.)

G441 2154 260 100 g.bran 318 - - - - 1.5 g. per kg.
i 300 g.cab. (6.‘5 clct)

M4 - 221 50 g.bran 187 : - - - 1.5 g. per kg.
: 300 g.cab, (6.3 ec.c.)

- (44l 2184 246 100 g.bran 318 - - - - 1.5 g. per kg.
A b_ 500 gocab- (603 c.co)

"‘3%41 2183 192 20 g.bran 108 " - ” - 1.5 g. per kg.
300 g.cab, (6.3 e.c.)




i

52.

274,

. ks Body Urine et Tetal Urine Total Urine Urine A.P.E,

17 wWeight Volume per Cals, Sugar Urine Ketones Urine '

in f. in c.¢. 24 hr. per in Sugar in Ketones
: 24 hr. g. % per mg. % per
24 hr, 24 hr,
in g. in mg.

_i41 2069 279 100 g.bran 318 - 5 - - 1.5 g. per kg. |
¥ 300 g.cab. (6.3 e.c.)
4,41 2041 360 0 g.bran 56 - - - - -

i 300 g.cab.
1956 136 20 g.bran 108 - » ” - 5

300 g.cab,

300 g.cab.
- 1966 235 - - - - - - -
1927 196 O g.bran 56 - - - - -

300 g.cab.
*.41 1965 202 20 g.bran 98 - - - - -
441 1955 215 10 g.bren 82 - - - - -

v : 300 g.c&b-
f0 18e2 253 0 g.bran 56 - - - - 5
4 300 g‘cab-




27§,
Rabbit 14 (Male)
5 Body Urine Diet Total Urine Total Urine Total A.P.E,
l' Weight Volume per Cals. Sugar Urine Ketones Urine ,
in g. in c.ec. 24 hr, per in Sugar in Ketones
24 hr, g.% per ng. % per
24 hr, 24 hp,
in g, in mg.
{441 2012 140° 70 g,bran 239 - - - - -
T 300 g.cab,
44,41 2012 167 70 g.bren 23 - - - - -
' 30C g, cab,
- 115 70 g.bran 239 " - Blank = 9° - -
' 300 g.cab.
14,41 1984 166 70 g.bran 239 - - - - -
; 300 g.cab.
;41 1984 148 B0 g.bran 254 - - - - -
. 24C g.cab.
4,41 1899 37 fasting %120 - - - - 1.5 g. per kg,
i i (6 c.c.)
1541 1927 66 © g.bran 28 “ - - - 1.5 g. per kg.
= 150 g.cab, (5.7 c.c.
§41 1984 130 10 g.bran 76 0.9 2 9 | - w 1.5 g. per kg.
| 270 g.cab. (6 c.c.) -
41 1984 203 40 g.bran 159 1.9 3.9 - - 1.5 g. per kg. |
25 188 - - 5.0 9.4 = - 1.5 g. per kg,
| (6 c.c.)
. 192% 110 fasting - 0.4 0.4 64 61 1.5 8. per kg.
; (5.8 c.c.)
19566 160 0 g.bran 48 - - 32 37 1.5 g. per kg.
26(] g.cab. (5-8 c.co)
pdl 1927 160 20 g.bran 97 4.7 7.8 - - 1.5 g. per kg. |
A 240 g.cab. (5-8 coc-)
- f4l 1927 226 90 g.bren 291 4,4 10.0 - - 1.5 g. per kg. |
3Y0 g,cab, (5.8 c.c.)
Wl 1927 115 30 g.bren 134 6.2 7.1 = = 1.5 g. per kg. |
300 g.cﬂb. (508 c.c.)
1941 1899 148 20 g,bran 95 0.9 1.3 - - 1.5 g. per kg.
'i = 23C g.cab, (5.7 c,c.)
-!ﬁi‘*l . 220 O g.bran 46 - » = - -
250 g.cab,
."'*' » Blank has been deducted from total, but not percentage

i etones,



34, 276 .
. Body Urine Ilet Total Urine Total Urine Total A.P.E,
Weight Volumse per Cals. Sugar Urine Ketones Urine
ing. 1in c,c, 24 hr, per in Sugar 4in Ketones
N 24 hr., g.% per mg. % per
24 hr, 24 hr,
- in g. in ng.
1842 220 80 g.tran 265 - - # > =
300 g.cab.
1814 197 20 g.bran 108 - - - - -
300 g.cab,
1814 181 30 g.bran 140 - - s - -
330 g.cab.
388 g.cab,




35, 277 -
Rabbit 15, (Male)
oy BOAY Urine et Total Urine Total Urine Total A.P.B,
" wWeight Volume  per Cala., Sugar Urine Ketones Urine
in g. in c.,c. 24 hr, per in Sugar in Ketones
24 hr., g.% per . per
24 hr. 24 hr,
S in g. in mg.
"541 2183 1562 100 g.bran 316 - - - - -
"“_5'41 2154 135 90 g.bran 288 - - - - i
"\’ 280 g.cab,
k]
‘i541 2126 198 80 g.bran 263 - - Blanke 20" - -
' 290 g.cab.
a“1‘5.41 2164 140 100 g,bran 312 - - - - -
270 g.cab,
e - 122 100 g.bran 318 - - - - -
3CC g.cab,
541 2154 210 80 g.bran 261 - a - - 1.5 g. per kg.
: : 275 g,cab. (6 c.c.)
5,41 2239 80 - 20 g.bran 101 - o - - 1.5 g. per kg.
260 g.cab, (6.6 c.c.)
A[5_.41 2211 62 20 g.bran 93 - - - -~ 1.5 g. per kg.
J 220 g.oeb, (6.6 c.c.)
[5.41 2211 27 20 g,.bran 78 - - 78 16 1.5 g. per kg.
{ 140 g.cab. (6.6 c.c.)
1541 2183 59 5 g.bran 32 - - 190 16C 1.5 g. per kg.
100 g.cab. (6.6.c.c.)
M
1541 2126 80 50 g.bran 168 0,3 0.2 148 118 1.5 g. per k?
' 200 g.cab, ' (8.3 BeC,
- o 20 g,bran 99 C.8 0.6 238 212 1.5 g. per kg.
250 g.cab. (6.3 c.c,
2097 72 80 g.,bran 250 1.9 1.4 249 165 1,5 g, per kg,
220 g.cab, (6.3 c.c.
2069 68 10 g.bran 7 3.3 2.3 196 119 1.5 g. per kg.
275 g.cab, (6.3 c.c.
21654 103 20 g.bran 108 1.2 1.1 32 12 1.5 g. per kg.
300 g.ecab. (6.0 c.c.)
2097 8% fasting % 10C 0.9 0.8 - - 1.5 g. per kg.
; (603 c-co)
15.41 2007 . - = "

ketones,

- Blank has been deducted from total, but not percentage



36, 278,
Rabbit 21 (Female)
s, Body Urine Ifet  Total Urine Total Urine Total A.P.E,
| weight Volume per Cals., Suger Urine Ketones Urine
in g. inc,c. 24 bhr., per in Sugar in Ketones
24 hr. g.% per mg. % per
24 hr, 24 hr,
in g. in mg.
1984 149 100 g.bran 299 - - - -
200 g.cab,
1984 94 100 g,bran 299 & - & .
200 g.cab,
2041 178 100 g.bran 299 - - - =
20C g.cab.
1984 151 100 g.bran 299 - - - -
200 g.cab.
1984 123 100 g.bran 299 o - o ”
200 g.cab,
s 62 100 g.bl"&n 299 - - - -
200 g.cab,
1927 230 100 g.bran 299 - - - -
200 g.cab,
9,41 1956 83 20C g.bran 561 - o - -
200 g.cab.
2126 120 200 g,bran 561 - - - =
200 g.cab,
2183 194 20C g.,bran 561 - - - 1.5 g. per kg.
200 g.cab. ‘6.8 coc-)
2154 68 0 g.bran 28 - - - 1.5 g. per kg.
135 g.cab, (6.3 c.c,)
2097 o8 0 g.bran 18 - - - 1.5 g. per kg.
90 g.cab. . (6.2 c,¢,)
- 169 0 g.btran 37 - - - 1.5 g. per kg.
20C g.cab, (6.2 c.c.)
2041 233 35 g.bran 127 - - - 1.5 g. per kg.
190 g,.cab. (6.0 c.c.)
2097 73 84 g.bran 260 - - - 1.5 g. per kg.
200 g.cab. (602 c-cn)
2041 129 106 g.bran 305 - - - 1.5 g. per kg.
160 g.cab. (6.0 c.c,)
215¢ 125 135 g.bran 376 0.7 0.9 - 1.5 g. per kg.
120 g.eabn (6|0 coco)




e e e e

.

T

( 279,
L Body Urine IHet Total: Urine Total Urine Total A.P.E.
‘ Welght Volume per Cals, Sugar Urine Ketones Urine
in g. in c.ec. 24 hr, per in Sugar in Ketones
: 24 hr. g.% per ng. % per
24 hr. 24 hr,
: in g. in mg.
10,41 2211 179 100 g.bran 299 4.4 7.9 = - 1.5 g. per kg.
! 20C g.cab, (606 c.c.)
110,41 2154 187 fasting 7200 2.8 5.1 - - 1.5 g. per kg.
f (8.0 c.c.
o 199 200 g.bren 561 0.1 0.2 & - 1.5 g. per kg.
1 2C0 g.cab. (6.0 ¢.c.)
110,41 2211 164 125 g.,bran 3656 1.1 1.6 - - 1,5 g. per kg.
_ 200 g.cab. (6.2 ec.c.
ll0,41 2239 269 130 g.bran 378 0.6 1.7 . - 1.5 g. per kg.
20C g.cab, (6.6 c.c.)
|41 2267 209 140 g.bran 404 1.6 3.3 5 - 1.5 g. per kg.
200 g.ceb. (6.6 c.c.)
41 2239 280 120 g.bran 361 0.2 0.5 - - 1.5 g. per kg.
250 g.cab. (6.6 c.c.)
1641 2154 236 0 g.bran 46 - - - - -
250 g.cab.
1641 2126 - 20 g.,bran 98 - - - - -
230 g.cab.
10,41 - 112 60 g.bran 204 - - - - ~
250 g.cab.
110,41 1927 295 ¢ g,bran 37 - - - - -
__ . 200 g.cab.
1641 1B42 255 0 g.bran 47 - - = = =
k- 255 g.cab,
b4 1757 89 0 g.bren 19 - = - " -
100 g.esgb.



-

= = e

. 280,
Rabbit 22. (Female)
pee Body Urine [let Total Urine Total Urine Total A.P.E.
Weight Vclume per Cals, Sugar Urire Ketones Urine
in g. in c,c. 24 hr. per in Sugar in Ketones
24 hr, g.% per mg. % per
24 hyr, 24 hr.
in g. in mg. '
1041 2211 158 100 g.bren 282 - - - - -
11¢ g.cab,
lp,41 2097 205 150 g.bran 430 - - - - -
1 200 g.cab,
10,41 2154 244 150 g.bran 43 ” o - w -
3 : 250 g.cab.
110,41 2211 186 200 g.bran 580 - - - - -
: 300 g.cab,
410,41 2211 166 200 g.bran 580 - - - - -
) 300 g.cab.
jl0.41 - 112 200 g.bran 58C - - Blanke - -
| 3= 300 g.cab,
10,41 2211 115 200 g.bran 58C - - - - -
L soc gocabo
410,41 2154 179 180 g.bran 521 - - - - -
» 265 g.cab,
410,41 2211 82 190 g.,bran 540 - - - - -
¥ 230 g.c&b-
410,41 2267 98 20C g.bran 580 - - - - 1.5 g. per kg.
] 300 g.cab. (6.8 c.c.)
10,41 2183 130 11C¢ g,bran 310 - - - o 1.5 g. per kg.
120 g.cab, (6.4 c.c.)
10,41 2183 21 75 g.bran 226 - - - - 1.5 g. per kg.
: 160 g.cab. (6.4 c.c.)
10,41 - 13 20 g.bran 74 - - - - 1.5 g. per kg.
115 g.cab. (6.4 coco)
10,41 2211 93 130 g,bran 380 - - - - 1.5 g. per kg.
21C g.cab. (6.6 c.c,)
10,41 2211 &% 80 g.bran 241 .06 0. C3 - - 1.5 g. per kg.
170 g.cab. ) ( 6.6 c.c.) I
10,41 2239 108 100 g.bran 301 1.3 1.4 - - 1.5 g. per kg.
210 g.cab. (6-6 C.C.)
10,41 2154 62 120 g.bren 370 1.4 0.9 = - 1.5 g. per kg.
300 g.c&h. (6-3 G.c.)

* Blank has been deducted from total, but not percentage
katonea.

o~



e e — e — -

9. 281,

l, Body Urine Ilet Total Urine Total Urine Total A.P.E.
weight Vclume per Cals. Sugar Urine Ketones Urine
S in ®. in c.c. 24 hr., per in Sugar in Ketones
24 hr, g.% per mg. % per
24 hr, 24 nr,
in g. in mg.
lp,41 2154 112 130 g.bran 359 4.7 5.3 - - 1.5 g. per kg.|
£ 100 g.cab. (6.3 c.c.)
2154 191 110 g.bran 320 6.2 10.8 166 250 1.5 g. per kg.
170 g.cab. (6.3 c.c.)
= 286 100 g.bren 318 6.6 18.7 105 242 1.5 g. per kg.
300 g.ecab. (6.3 c.c.)
2097 282 162 g.bran 473 8.0 22.86 65 127 1.5 g. per kg.
260 g.eab, (6.2 c.c.
2097 237 120 g.bran 37C 6.7 15.8 65 107 1.5 g. per kg.
300 g.cab, (6.2 c.c.)
1,41 2183 171 160 g.bran 475 7.2 12,2 - - 1.5 g. per kg.
300 g.cab. (6.3 ec.c.)
.41 2154 271 150 g.bran 449 3.3 9.0 5 " 1.5 g. per kg.
300 g.cab. (6.3 c.c.)
h.40 2211 170 120 g.bran 368 2.4 4.1 a " 1.5 g. per kg.
290 g.cab. (6,.6 c-co) I_
L.41 2154 226 90 g.bran 306 1.3 2.9 " " 1.5 g. per kg.
380 g.cab., (6.3 ec.c.)
§.4 - 30 100 g.bran 336 - = = E 1.5 g. per kg.
40C g.cab. (6.3 ec.c,)
f1.41 1927 124 30 g.bran 108 - = - - -
_1 16C g.cab,
.41 2012 127 10 p.bran 76 - = = - .
270 g.cab,
41 1927 120 40 g.bran 155 - - - - -
; 270 g.cab,
‘!JH!..'u 1984 92 120 g,bran 353 " - - - -
| 210 g.cﬂb. |
14 2041 194 70 g.bran 248 - - ” % - '
350 g.cab.
J4l 2041 170 40 g.bran 152 - o : 5 al
2565 g.cab,
o1L41 = 109 = . s - < & - _
| 2012 230 110 g.bran 332 - o - - . e
24C g.cab.
2041 99 75 g.bran 247 - - - - -

275 g.cab.




*’ 40, 282, I

Rabbit 25.(Male)
e, Bogy Urine Iiet Total Urine Totel Urine Total A.P.E,
Weight Vclume per Cals. Sugar Urine Ketcnes Urine
in g. in c.c. 24 hr, per in Sugar 1in Ketones
24 hr. g. % per mg. % per
24 hr. 24 hr.
in g. in mg.
4'2.42 2041 96 100 g.bran 299 - - - - -
i 20C g.ecab.
4242 2012 157 90 g.bran 286 - - - - -
: 270 g.cab,
12,42 2041 186 100 g.bran 318 - - - - -
_ 30C g.cab,
1
2,42 2041 122 100 g.bran 296 - - Blank = 28° - -
185 g.cab.
10,42 - 183 10C g.bran 314 - ~ - - -
280 g.cab.
-%&42 2041 149 100 g.bran 306 - - - - -
240 g.cab.
f2,42 2041 84 40 g.bran 138 # ® ~ - -
# 180 g.cab.
2,42 2041 130 9¢ g.bran 290 - - - - -
295 g.cab.
240 g.cab,
14y42 2041 142 10C g.bran 303 - - - - 1.5 g. per kg.
: 220 g.csb. (6 c.c.)
*&AB 2012 82 60 g.bran 194 s ¥ - - 1.5 g. per kg.
| 190 g.cab, (6 c.c.)
15,42 - 126 ¢ g.bran 33 " - - - 1.5 g. per kg.
- 180 g.cab. (6 c.c.)
1984 - ¢ g.bran 19 - - - - 1.5 g. per kg,
10C g.eab. (6 c.c.)
1927 53 ¢ g.bran 13 - - 379 186 1.5 g. per kg. |
70 g,.cab, (6.7 c.e.) |
1927 18 0 g.bran 19 - - 70 8 1.5 g. per kg.
100 g.cab. (5-7 c.c')
1871 66 40 g,bren 123 0.6 0.4 620 391 1.5 g. per kg. ||
10C p.cab. (5,6 c.e.)
1814 27 10 g.,bran 77 ” = 129 27 1.5 g. per kg. ||
110 g.cab, (5.6 c.c.)
2 1814 a3 fasting - 0.7 0.3 143 50 1.5 g. per kg. |
(5.6 c.c.) ||
. Blank has been deducted from total, but not percentage I
katones i




a,

283.

s Body Urine et Total Urine Total Urine Total A.P.E,
Weight Vclume per Cals, Sugar Uriue 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.
42 - 34 20 g.bran 88 2.6 0.9 110 28 1.5 g. per kg.,
- 190 g.cab. (5.6 c.c,.)
Le 1927 70 70 g.bran 224 1.6 1.1 - - -
220 g.cab,
is42 1927 74 100 g.bran 304 0.3 0.2 - - -
i : 285 g.cab.
ls4z 1984 110 100 g.bran 292 0.1  ©.1 - - -
: 160 g.cab.
{342 2012 183 100 g.bran 299 - . - - .
. 200 g.cab.
1342 1927 194 100 g.bran 315 - - - - -
285 g.cab.
1342 1984 168 100 g.bren 312 - - = = -
' \ 270 g.cab.
- 17¢ 100 g.bran 310 - - N T "
4 280 g.cab.
19656 185 95 g.bran 295 - - - - -
250 g.cab.
1927 198 100 g.bran 308 - - - - -
4 250 g.cab,
 J.42 198¢ 195 100 g.bran 318 - - - - -
300 g.cab,
1342 1984 145 100 g.bran 318 - - - - -
30C g.cab,




42, 284 ..
Rabbit 26 (Male)
te, Body Urine flet. Total Urine Total Urine Total A.P.E,
1 Welight Volume per Cals, Sugar Urine Ketones Urine
in g. in c,e. 24 hr, per in Sugar in Ketones
24 nr. g.% per mg. % per
24 hr, 24 hr,
! in g. in mg.
- ule 2097 92 85 g.bran 290 - - = = -
i 200 g.cab.
20 g.hay
42 2097 92 7C g.bran 249 - - - - -
|7 190 g. cah'e
2C g.hay
g 2041 181 90 g.bren 308 - L - - -
' 230 g.cab.
20 g.bay
' %*
142 2041 217 30 g.bran 140 . - Blank = 50 - =
20 g.hay
e 98 50 g.bran 198 . . - - -
20 g.hay
442 2041 103 80 g.bran 286 - 5 - " "
250 g.cab,
20 g.hay
Hé2 1984 150 100 g.bran 342 - - - - 1.5 g. per kg.
270 g.cab, - (6 c.cq)
20 g.hay
: 3&-.42 2041 63 5C g.bran 198 2l S o | - - 1.5 g. per kg.
200 g.cab. (6 c.c.)
_ 2C g.hay
130 g.Eab. (6 coc-)
20 g.hay
14,42 2012 56 0 g.bran 49 3.8 2.1 - - 1.5 g. per kg.
: 1CC s cab. : (6 c.C.)
20 g.hay
14,42 2041 47  © g.bran 76 3.4 1.6 - - 1.5 g. per kg.
I 250 g.cab. (6 c.ct)
20 g.hay
phde o 89 0 g.bran 71 3.5 3.1 820 695 1.5 g. per kg. |
| 220 g.cab. (6 c.c.) i
1 20 g.hay , i
Blank has been deducted from total, but not percentage
tetones,
.&J!'.l:::




-

43, - 285.
-Je.- Body Urine Iiet Tctal Urine Total Urine Tcteal A.P.E,
Weight Volume per Cals. Sugar Urine Ketones Urine
in 2. in ec,c, 24 hr, per in Sugar 1in Ketones
24 nr, g. % per mg. % per
24 hr, 24 hr,
in g. in ng.
14,42 20869 98 C g.bran 62 3.4 3.3 - s 1.5 g. per kg.
-. 175 g.ceb. (6 c.c.)
20 g.hay
JJ-.'*!»“E 2069 54 0 g.bran 62 6.8 3.5 450 216 1.5 g. per kg.
20 g.hay
1e.42 2041 147 ¢ g.bran B84 3.0 4.4 - - 1.5 g. per kg.
290 g,cab. (6 c.c.)
1 20 g.hay
4,42 2154 50 25 g,bran 146 2.3 1.2 - - 1.5 g. per kg.
275 g.cab. (6 c.c.)
20 g.hay
14,42 2211 66 30 g.bran 155 0.8 0.6 - - 1.5 g. per kg.
250 g.cab. (6-3 coco)
20 g.hay




F. BodQy
in g.

Urine
Weight Volume
in e.c.

Rabbit

44,
29. (Female)

Iiet
per
24 hr,

Teotal
Cals.
per

24 hr,

Urine Total
Sugar Urine
in Sugar
g.% per
24 hr,
in g.

Urine
Ketones
in

mg. %

Total
Urine
Ketones
per

24 hr.
in mg.

286, 1

A.P.E,

l142 1984

3-42 2041

4,42 2012

142 2012

le2 2041

2012

1984

1956

2041

2041

2012

ketones,

i&f

160

147

83

128

1956

126

26

£6

80

57

g+

8
3C0
20

1C0
230
20

70
270
20

65
160
20

70
280
20

75
255
20

35
150
20

36
100
20

0
130

g.bran 298
g.cab,
g.hay

g.bran 335
g.cab,
g.hay

g.bran 263
g.cab,
g.hay

g.bran 230
g.cab,
g.hay

g.bran 265
g.cab,
g.hay

g.bran 274
g.cab.

g.hay

g.bran 1850
g.cab.
g.hay
g.bran 140
g.cab,

g.hay

g.bran
g.cab,

20g.hay

(o]
200
20

30
12¢

20

30
130
20

g.bran 6%
g.cab,
g.hay

g.bran 131
g.cab.

g.hay
2. bran
g.cab,
g.hay

133

2. 2.0

Blank has been decucted from the total, but not percentage

1.5 g. per kg.
(6 c.c.)

1.5 g. per kg.
(6 c.c.)

1,5 g. per kg.

(6 c.c.)

1.5 g. per kg.
(8.7 c.c.)

1.5 g. per kg.
(6 c.c.)

1.5 g. per kg.
(6 c.c.)

1.5 g. per kg.
(6 c.c.)



Body

Urine

Weight Volume

in g.

in e.c.

Iiet

per
24 hr,

Cals, Sugar
per in
24hr, g.%

45;_
Total Urine

Total
Urine
Sugar
per

24 hr.
in g.

Urine
Ketones
in

ng. %

Total
Urine
Ketones
per

24 hr.
in mg.

542

ioa

5,42

‘15,42
15,42
fos
15,42
{mﬁz

I [15.‘2

/ 5042

1984

1956

1956

1899

1899

;92?

1927

1966

1956

1956

1984

94

22

26

248

225

212

143

103

101

178

165

fasting

50
150
20

C
20
20

40
60
20

10
130
20

80
200
20

55
270
20

80
250
20

70
270
20

90
220
20

g.bran
g.cab,
g.hay

g.bran
g.cab,
g.hay

2, bran
feo cab.
g.hay

g.bran
g.cab,
g.hay

g.bran
g.cab,
g.hay

g.bran
g.cab.
g.hay

g.bran
g.cab.
g.hay

g.bran
g.cab,
g.hay

g.bran
g.cab,
g.hay

4Cg,.bran

220
20

100
300
20

100
300
20

g.cab.
g.hay

g.bran
g.cab.
g.hay

g.bran
g.cab.

g.hay

189 1.8

146 -
80 -
198 *
224 -
286 -
255 -
307 -

176 -

348 -

0.1

1.6

867

390

213

91

1.5 g. per kg.
(6 c.c.)

1.5 g. per kg.
(6 c.c.)

1.5 g. per kg.
(5.7 c.¢e.)

1,5 g. per kg.
(5.7 c.c.)

1.5 g. per kg.
{8.7 ¢c.c.)



r“ velght
a[ 1n g.

Urine
Vclune
in c.c,

Body

Rabbit

46,
30 (Female)

Liet

per

24 hr,

Total
Cals.
per

24 hr,

Urine Totel Urine
Sugar Urine Ketones
in Sugar in

g. %

per mg. %
24 nhr.
in g.

Total
Urine

Ketones

per
24 hr
in mg

L 3

288,

A'P.E'

‘-‘5_'-‘#2

9,82

Iae
TLAQ
Jmsa
I%ﬁ&s

e

fhute

1927

1984

1927

1984

1984

1984

2012

1984

1927

1927

1927

121

91

148

56

142

985

17¢

47

79

169

114

50
260
20

40
270
20

S0
275
20

e

g.bran
g.cab.
g.0ay

g.bran
g.cab.
g.hay

g.bran
g.cab.
g.hay

g.bran

178g.cab.

20

50
275
20

40
270
20

€0
270
20

¥
85
20

35
150
20

&0
220
20

70
300
20

40
20C
20

Z.hay

g.bran
g.cab,

g.hay

2.bran
g.cab,
g.hay

g£.bran
g.cab,
g.hay

2. bran
g.cab,
g.hay

£.bran
g.cab,
g.hay

E.bran
g.cab.
g.hay

g.bran
g.cab,
g.hay

g.bran
g.cab,
g.hay

209

1856

160

62

212

185

237

46

150

202

269

172

Elgnk has been deducted from total,

but not percentage

1.5 g. per kg.
(5.7 cncl)

1.5 g. per kg.

(5.

T

GCeCs)
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15 Body Urine Ilet Tctal Urine Total Urine Total A.P.E,
* Weight Volume per Cals. Sugar Urine Ketcnes Urine
in g. in ¢,c. 24 hr., per in Sugar in Ketones
] 24 hr, g.% per ng. % per
{ 24 hr, 24 hr,
i in g. in mg.
1542 1956 92 256 g.bran 128 - - - - 1.5 g. per kg.
160 g.cab, (6.7 e.0.)
20 g.hay :
1542 - 34 20 g.bran 124 - - - = 1.5 g. per kg.
4 225 g.cab. (5.7 ¢.8,)
20 g.hay
1542 1899 120 0 g.bran 43 - - - - 1.5 g. per xg.
70 g.cab, (5.7 c.6.)
20 g.hay
542 1984 25 50 g.bran 185 1.9 0.4 - - 1.5 g. per xg.
' 13C g.cab. (6 c.c.)
20 g.hay
4!5042 1871 103 40 E.bran 146 50? 4.0 - - 1.5 g- pel‘ kg-
A SC g.cab. (5.6 c.c.)
20 g.hay
\
542 1899 S1 20 g.bran 105 1.0 0.3 75 10 1.5 g. per kg.
: . 120 g.cab. (5.’? c.c.)
20 g.hay
ls42 1927 3 20 g,bran 106 2.8 1.1 81 15 1.5 g. per kg.
120 g2, cab., tso'? c&_co)
20 g.hay
542 1966 48 30 g.bran 127 1k 0.5 - - 1.5 g. per kg.
160 g.cab. (5.3 CeCe)
20 g.hay
15.142 - 70 L8] g.hran 50 0.9 Oov — oy -
116 g.cab,
20 g.hay
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= Blenk has been deducted from total, but not percentage
ketonen,

2 29C.
Rabbit 32 (Male)
= :ofyght gr%na et Total Urine Totgl Urine Total AP B
e olume per Cals. Sugar Urine Ketones Urine
in g. in c.c. 24 hr. per in Sugar in Ketones
2¢ nr., g.% per mg. % per
24 he, 24 he,
2 in g. in mg,
|42 2211 150 90 g.bran 321 - 3 3 ; -
i 30C g.cab.
§9.42 2183 145 90 g.bran 321 - - - - -
300 g.cab,
' 30 g.ecab,
7 20 g.hay
6,42 2229 136 10C g.,bran 348 - - Blank = - @
30C g.cab.
i 20 g.hay
42 2267 210 100 g.bran 348 " a = 5 .
! 3CC g.cab,
20 g.hay
}.42 2285 208 10C g.,bren 348 - = - - -
3CC g.cab,
20 g.hay
2205 203 1C0 g.bran 348 - - - - b
3CC g.cab,
20 g.hay
2352 271 100 g.bran 348 - = - 5 i
360 g.cab,
_ 2C g.hay
2352 263 fasting ¢ 250 - - - - 1.5 g. per kg.
' (6.9 c.c.)
- 126 10(! g.b!‘aﬂ 348 - - - - 1:5 g. pez‘ k *
300 g.cab. (6.9 Occo?
2C g.hay
2380 14¢ 100 g,bren 348 0.5 0.7 - - 1.5 g. per kg.
3CC g.eab, (7.1 c.c.)
20 g.hay .
2366 283 fasting 2 25¢ 0,1 0.4 - - 1.5 g. per kKg. |
(6.9 c.c.)
T‘-ﬁéiﬂ 2352 240 100 g.bran 348 0,5 1.1 - - L.5g per kg. i
, 30C g.cab, 9 c.C.
; 20 g.hay
W42 2437 263 100 g.bren 348 4.9 12,9 b - 1.5 g. per Kg.
E 300 g.cab. (7.2 c.0.)
20 g.hay
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lo, Body Urine Lliet Tectal Urine Total Urine Total A.P.E,
* Welght Volume per Cals. Sugar Urine [Kefocnes Urine
in g. in c.¢c, 24 hr. per in Sugar in Ketones
24 r. g.2% per ng. % per
24 bhr. 24 hr,
in g. in mg.
30C g.ceb, (7.2 o.c.)
20 g.hay
2437 282 50 g, bran 217 7.8 21.9 - - 1.5 g. per kg.
3HC g.cab, (7.2 c.0.)
20 g.hay .
- 2856 106C g.bran 348 9.7 27,5 - - 1.5 g. per kg.
A 3CC g-cab. ('?02 €C.C,
' . 20 g.hay
16,42 233C 234 25 g.bran 146 2.5 5.9 - - 1.5 g. per kg.
> 270 g.cab. ( q e.c.)
: 20 g.hay
642 2295 190 50 g.bran 217 0.3 0,5 - " -
3O g.ceab,
2 2C g.hay
;5,‘2 2R3I8C 268 35 &'.bx‘an 1%%7 - - - - -
300 g.cab,
20 g.hay
16,42 2382 228  T¢ g.bran 269 ” ” - - -
30C g.cab.
2C g.hay
16,42 2398 162 100 g.bran 348 - - - - -
& g.cab.
20 g.hay
. 16,42 2395 11¢ 10C g.bran 348 = - - - -
CC g, cab,
_ 20 g.hay
- 210 100 g.bren 348 - - - - -
300 g.cab.
20 g.hay
2437 99 70 g.bran 249 - - - - -
19C g.cab,
20 g.hay
6,42 2437 218 100 g.bran 348 - - - - -
3CC g.cab.
20 g.hay




Section VI.

The Aetlicleogy of Diabete: Mellitus.

Published in the Edinburgh Medical Journal, 1944.
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Section VI,

n
The Aetliology of [Liabetes Mellitus,

The unfelding of the aetiology of diabetes
mellitus forms one of the most fascinating chapters

in the histoery of medicine, Besides its interest

historically, the search for the causes of this
Giseese has been of value in that it has led not
cnly tco the elucidation of many problems directly
connected with the conditicn, but alsc to much new

knowledge concerning the Intermediary metabolism of

cerbohydrates, proteins and fats and to a fuller
apprecistion cf the function snd interplay of the |
endocrine glands, Further, the nesmes c¢f such as

von Mering and Minkowski, Fanting an& Best, Hcussay |
end F, 6. Young, who have contributed so ocutstanding-
ly to the subject, will continue to live down the

generations, yet the disccveries of even these men

have sometimes been merely the logical seguence of

the work of many previcus investigators. In other
words, the modern approach to disbetes mellitus so |
far gs its setioclogy is concernsd stands as a i
monument to sustained, world-wide co-cperation such
as might well he emulated in other spheres of

internaticnal life to-day.

The historlecal approach also incicates that the |
!
dlabetic prcblem may most sppropriately be considered

in/

® A Honyman Gillesple Lecture delivered in the

Hoyal Infirmary, 3lst August 1944.

— -
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' in five secticns : (1) the pancreas; (2) the

pituitary gland ; (3) a balance between the
pancreas and pituitary gland ; (4) the other
endocrine glands, especially the thyrcid gland,
adrenal glends, and ovaries, and (5) alloxan

disbetes.

Pancreas

The relationship of the pancrese to diabetes
wag first established by von Mering and Minkowskil

(1890}, who showed that absence of the pancreas

. produces hyperglycaemia, glycosurila, ketonuria,

J polyuria, emacisticn and death in less than four

| weeks. Iiscussicon thereafter ensued regarding the

rSle of the pancreatic acinar and islet tissue
respectively in the control of carbohydrate
metabolism, but the residence of this control in

the 1slet tissue ultimately crystallised upon the
finding of Sscbolew (190C) and Schulze (1900) that
obstructiocn of the pancreatic duct was characterised
by atrcphy of the acinar but not of *he islet tissue
and the non-development of any diabetic conditioen.
Such focussing of attention on the pancreatic lslets

immediately led in the earllest years of this

century to the detection of a variety cf pathclogical |

changes in the islets of diabetic subjects. These
changes are breadly divisible inte gualitative and
quantitative.

Qualitative Islet Ghnnggi_

The/
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The gqualitative changes as cbserved by Warren |

| (1938) in a series of 484 disbetic cases are

(1) hyeline degeneration (41 per cent.) ; (2)
| fibrosis (27 per cent.) ;3 (3) hydropic degeneration
(5 per cent.) 3 (4) lymphocytic infiltration ( 2

per cent.) ; (5) atrophy (perscnal addition) ; |
({8) haemochrcmatosis (2 per cent,) ; (7) hypertrophy}

' (8 per cent.) ; (8) adencma (0.2 per cent.) ;

; {9) normal (26 per cent.). |
| |
] (1) Hyaline degeneration was first described by |

' Opie (190C-01) end is the most typical of the
l'(.‘legvt-sntﬂ:'at:iv'e changes affecting the islets in diabetes,
It entails swelling of the epithelial cells and their |
replacement by homogeneous, translucent material
which stains pink with eosin, royal blue with the
aniline blue of Mallory's method (Fig. 1) and |
scmetimes rese pink like asmyleid with methyl violet. \
Cell cutlines are at first retained, but each islet i
in the end consists merely of thick, hyaline strands ‘
]and.persisting capillaries., [Marked invclvement of
the individual islets, moreover, is gonerally
J:su:(mwmparu.eti by the implication of many islets and |
vice versa. Of Warren's cases, 6 per cent. under |
40 years cf age showed hyaline degensration cf the
islets compared with 45 per cent. over that age. ‘
again; 50 per cent. of a series of cases known to !
have had diabetes for at least ten years showed
hjallnisation. Hyaline degeneration of the 1slets

is thus commonest in older subjects and in mild

cases/ |
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| cases of the Gisease. Rarely, hyalinisation is

| followed by calcification. Fischer (1915), for i

' example, has reported the case of an eighteen-year-cld

' boy who died 1n coma after typlcal juvenlle diabetes
and whose pancreas was sﬁudded with calcified,

' hyalinised islets. |
(2) Fibrosis cbserved by Cple (1900 -01) varieé

in degree. The initisl stage entails a thin fibrous |

capsule, some pericapillary fibrosis and early |

iepithellal loss (Fig, 2), while gross encapsulation,

-mafked fibrous replacement and corresponding ‘
'epithelial reduction characterise the final phase, |
S1ight implication of the individual islets is usuallyi
accoempanied by the involvement of many 1slqta and '
vice versa. The phencmenon in this respect is thus

the reverse of hyalinisation. Fibrosis of the islets |

|
1s one of the characteristic changes in children, but

'1ike hyalinisation cccurs most commonly in older : !
|

subjects and 4s then practically always accompanied |
by interlcbular and interacinar fibrosis and thickening

|
and hyalinisation of the arterioles (Fig. 3). The

pancreas and is hasically similar teo the primary I

condition in clder subjects consequently amounts to

hypertenaive artericlosclerotic atrophy of the

hrannlar contracted kidney. Finally, the same |
pancreas sometimes shows both fibrosis and
hyalinisation of the islets, and both types of
degeneration are even occasionally observed in the
same 1islet,

. (3) Hydropic degeneration was first reported by
Weichselbaum/




i
|

|
|
|

|

5-'

Weichselbaum and Stangl (1901), The cells in the
earlier stages cof this ccndition are cccuplied by

minute serous droplets and later distended by a

or lysed. The affection is apparently reversible

in its slighter degrees, but in advanced measure

' 18 followed by sbsorpticn cf the damaged cells., It
occurs at all ages and most strikingly in fulminating

cases, The ccondition 1s also noteworthy in that it
was the first cf the degenerative islet changes to
be reproduced. Allen (1913) achieved this object
by partial pancreatectomy and the subsequent
adninistretion of an excessively carbohydrate diet,
and Homans (1914) then showed that the degeneration
affected principally the beta cells. Gonseqﬁently,
the beta cells have since been régarded as the |
essential source of insulin,

(4) Lymphoeytic infiltration, deseribed by

Warren and Root (1925), involves an cover-running of

the islets and sometimes of the peri-insular tissues

\with lympheocytes and rarely also endothelial cells

(Fig. 4). It s particularly spt to be found in

|young subjects and in cases with a short history

of the disease,
(5) Atrcphy of the islets is a late result of
duct cbstruction produced by such conditions as

caleulus, carcinoma of the head of the pancreas,

and éiodenal diverticulum (Figs. 5 and 6). The
obstruction before it leads to such intense atrophy

of the islets as to cause diabetes must be long-

istanding/

| single large globule, while their nucleus is pyknotic
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association with the rest of the pancreas and many

| fibrosis and pigmentation with haemesiderin and i

| 1slets, Such pigmentatiocn varles greatly in

| also in relation to different islets and cells in

6.

standing and severe, and a calculus 1s consequently |
the likeliest mechanism to achieve these demands,

Such a case 1s characterised by more or less marked
increase of the interlobular and 1nterac1naf fibrous |
tissue, while the 1islets being drawn together are |
very conspicucus and appear increase® numerically.
They are structurally normal even in moderately

severe cases, but in advanced examples show marked

atrophy, with perhaps some condensation of their i
stroma, Ultimately, meny islets have disappeared i
in the generaliged cvergrowth of fibrous tissue. The
condition procduced by a pancreatic caleulus is

similar to that following experimental duct i-
obstruction and is thereby historically interesting
in that a case reported by Barrcn (192¢) intrigued
Benting (1929) and thus played a part in the

preparation of insulin,

(6) Haemochromatosis involves the islets in

other organs (Fig. 7). Its salient features are

haemcfuscin, According to Sheldon (1935), the
islets have been involved in the fibrotic process ;
in 24 per cent. of the reported cases, while 80 per

cent, of the patients have shown pigmentation of the

intensity not only as regards different cases, but

the same case and islet respectively. The occurrence

of/
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of dlabetes depends on the implication of the

islets, Thus, slight pigmentation of these
structures is not accompanied by diabetes, but a
dlabetic =tate is always associated with severe
involvement of the 1islets, Thig diabetes usually
runs a rapld course asnd is particularly nocteworthy
in that it results from damage to the pancreatic

islets by a known agent.

(7) Hypertrophy of the islets occurs in
asscciation with degeneration of other islets and

also in the absence of any detectable insulsr change.

Cecil (1909) pointed cut that islet hypertrophy
assumes two types. The islet in cne variety 1s nct }
unduly irregular and normal both in architecture and %
being composed of polyhedral cells (Fig. 8). The

|
i1slet in the other type is often much more irregular

than usual, while its cords are abnormally long and
tortucus and ccnalst of columnar cells with central

micleus {(Figs., 9 & 1C). Columnar cell hypertrophy

is much less common than simple enlargement, and
interesting in that it seems to represent a

| reversion to s duct-like type of epithelium,
Hypertrophy usually affects oniy a moderate prcportion
of the islets, but the majority cccasionally appear .
to show enlargement, The incidence of the eondition|
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 rare finding in
Glabetes. Warren (1938) encountered it only once |
in his large series. It takes the form of a i
rounded/ |



=1n which reduction of the islet tissue is so marked

__é-, — . |
rounded, well-defined, encapsulated nodule which

resembles normal islet tissue both architecturally ;
and in the cells composing 1@. |

(9) Universally normal islets or islets at

least histologlcslly normal were found by Warrsn
(1938) in e considerable percentage of his disbestiec
subjects. This is an important negative observation,

the significance of which will be mentioned shortly.

Quantitative Islet Changes r

Reducticn in the welight of the pancreas and
the number of islets has often been noted in the
pancreas of diabetic subjects. Enumeration c¢f the
islets in human material, however, can only be
carried cut by examining sections from various parts
of the organ and any such technigue 1s naturally
expocsed to many errors, The welght of the pancreas
and thie number of islets alsc vary vithin wide

limits normelly (Ogilvie, 1937). Consequently,

. any cobservation regarding reduction of these

structures mey be more apparent than resl and
rendered of still more doubtful significance by the
fact that one-eighth of the pancreas has been found
experimentally to be sufficient to avert the
development of diabetes., Exceptions arerare cases

of congenital hypoplasia of the pancreas or 1lslets

as undoubtedly tec act as a factor predisposing to
the disease., The conclusion is that reduction of
the islet tissue, while operating im mare cases, 1is
stil1l/
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still generally unproven and therefore unacceptable

These cbservations regarding the islets in

diasbetic subjects and laboratory experiments

-

as a factor of genuine aetioclogical significance. ‘
|

culminated in the lisclation of insulin by Banting
and Best (1921-22). The preparation of insulin |
confirmeG the 1dea that damage to the pancreatic
islets 1s frequently an 1mportaﬁt factor in the
disease, but it falled to explain the mechanism of
the dsmage or the remarkable variat?on in the types |
of demage or the fact that the pancreatic islets in !
26 per cent. of diabetic subjects are hiatologlcally'

normal. The finding of apparently normal lslets 1n!

so many cases suggests of itself that the cause of |
the disease lies primarily in some extrapancreatic |
disturbance and that it is this disturbance vwhich !
is responsible for the islet damage. The subject
consequently demands a less insular ocutlock and

thus leads to a consideration of the part played in i

carbchycdrate metabolism by the pituiltary gland,

Pituitery Gland

The possible role of the pituitary gland in
carbohydrate metabolism was originally suggested by
clinical observation. This consisted in the
recogniticn by Loeb (1884) of the frequency with
which glycosuria occurs in cases of pituitary tumour,
and many reports since then have led to the
acceptance of a definite relationship between i
acromegaly and diabetes, In point of fact, Warren

(1938) /
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(1938) finds that 28 per cent. of the reported cases
of acrcmegaly have shown glycosuria, Such clinical
surmise, morecver, has recently been supported by
much experimental evidence, Thus, Houssay and
Iﬁagenta (1925) first fcound that absence of the
pltuitary gland induces an increased sensitivity to
the hypoglycaemic action of insulin, and the same

result was observed by Houssay and Potick (1929) to

to the anterior lobe of mammals, Houssay and

Biasotti (193C) subsequently showed that loss of the

pitulitary gland or of only the pars glandularis
fellowed by pancreatectomy prevented or alleviated
the diabetic conditicn which ordinarily results
from absence of the pancreas and that such hypo-
physectomised- depancreatised subjects survived for
much longer than purely depancreatised individuals,
An important deduction from this experiment is the
fact that the tissues are apparently able to
metaboclise sugar without the assistance of the

pancreas and pituitary gland. In other words, they

‘possesa an inherent capacity to deal with sugar just
' as the heart beat 1s sn inherent property of the
%cardiac musculature, Finally, three groups of

| workers - Evans et al, (1931-32), Baumann and
%Harine {1931-32) and Houssay et al. (1932-33) -
;proved that the acdministraticn of a suitable
anterior piltuitary extract to normal subjects

resulted in the development of a diabetic ccndition.

The response of a susceptible subject to dally
treatment/

follow loss of the pars glandularis, which correspondi




1 1938a, 19392 and b) : (1) A latent phase which lasts

- occurs, but a relative resistance develops to the

 hypoglyecaemic action of insulin. (%; A phase of

significantly raised and no glycosuries or ketonuria

 temporary diabetes which continmues for three to seven

1.
treatment wlth disbetogenic anterlior pltultary

extract may be divided intc four phases (Young, 1937,

three to five days. The blocd sugar 1s not

days. Glycosuria, ketomiria and pceclyuria appear

. and increase to a maximum, subsequently to decline ,

| raiged liver glycogen. (3) A refrattory phase which

' may be of long or indefinite duraticn. Glycosuria

' increasing the daily dose of extract and such a

| recurrence may indeed be 30 achieved a number of

and disappear in spite of continued daily treatment
with the same amount of extract. Other features are
diminished sugar tolerance, relative insensitivity |

to the hypeoglycaemic acticn of insulin, and scmetimes

and ketonuria are absent, but relative imsensitivity

to the sction of insulin remsins for some time and

the fasting liver glycogen way be high. Another spoli
cf diabetes can be produced at thias stage by

times, (4) A phase of permanent diabetes which

lasts indefinltely. This is brought about by

increasing the daily dose of anterlior pitultary

extract every few days and contimuing in this way
for a period of one and a helf to four weeks. The |
refractory phase is thus circumvented and replaced
by a permanent diabetes which persists even after

cesgation of extract treatment. The metabolic

features/
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! features of permenent pituitary diabetes differ in [
‘ various ways from those of pancreatic dlabetes. Thusﬁ

pituitary dlabetic subjects are able to survive for

long periods without insulin therspy provided they |
are given sufficient food, Nevertheless, despite |
i the absence of any cbviocus insensitiwity to the
%hﬁpoglycaemic action of insulin, more insulin is
! apparently required for the control of their glycoaur%a.

‘They also tend to gain weight and have a high liver

glycogen.
Richardson (1939-40) and ILukens and Ichan {1942)

|
i found that the pancreatic islets of pitultary
1 digbetlic subjects show various degenerative and
reparative changes, mainly the former. These changes
iare (1) degramilaticn of the beta cells, either
‘partial cr complete ;3 (2) hydropic degeneration of
!1nd£vidna1 beta cells ;3 (3) atrophy of the islet
ltiasue to groups of alpha cells with a few |
\agranul#r or normal beta cells ; (4) hyslinisstion
‘which replaces the beta cells selectively or destroys
the islets completely ; (8) fibrosis ; (6) |
| lymphoeytic infiltration ; (7) mitotic division in
some islets. The beta cells apparently first lose
their grenules, then undergo hydrcpic degeneration
and are finally absorhbed, leaving strophied islets
made up mainly of alpha cells. Alternatively, the
islets show one or more cf the cther three types of
lesion., ILukens and IDochan (1942) also found that
treatment of the diabetes in the early permanent
‘phase or stage of hydropic degenerat’on by dieting

or/




| antagonist of insulin and may therefore be accredited

| ox4dation of sugar by the peripheral tissues,

13,
cr insulin results 1n a merphological restoration of |
the 1slets and in a functional recovery of the subjecﬁ
which 1s maintained after cessation of the therapy. ;
Cn the other hand, similar treatment of the diabetes
in the lete permanent phase or stage of islet
atfoPhy 1s not followed by recovery. The pancreas |
at this stage, according to Campbell, Keenan and ‘
Best (1939), yields on extraction a definitely ‘
diminished amount of insulin.,

Anterlior pitultary extract in addition to its

disbetogenic propsrty shows a number of other

actions, The glycotrepic action first cbserved
by Houssay and Potick (1923) induces a relatlve

insensitivity to the hypoglycaemic effect of insulln.
It occurs, as already noted, when the blood sugar ;
i3 not significantly altered, e.g. in the latent

period between the start of extract treatment and the |
development of dlabetes, and may vary invsrsely as |
the amount of glycosurla, The responsible factor,

in the opinion of Young (1938b), 1s the direct
with a threefold sction in that it inhibits the

premctes the formation of sugar from glycogen in

the liver, and depresses the synthesis of glycogen
from sugar in the liver and muscles. The gleOStatlci
action rerembles the glycotropic in that it '
Gepresses the oxidation of sugar in the muscles

(Fisher et al., 1936 ; Russell and Bennett, 1936)

and the adrencocorticotropic action, wnich takes place
through/ '
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|
 through the adrenal cortex, stimulates tThe

formation of glycogen from protein in the llver
{Russell, 1938 ; Bennett, 1937-38 ; Long et al.,
1540). The ketogenic action first ncted by Burn
and Ling (193C) manifests itself in ea increased
excretion of ketones, The appearance of ketones
may definitely precede that of sugar and the amcunt
of ketomuria characteristically shows a sudden rise
just before the establishment of the permanent phase.
Best and Campbell (1938) observed that ketogenic

pituitary extract alsc brings about a rapid and

| substantial accumulation of fat 1n the llver,

apparently at the expense of the fat stores, No

agreement exists at the moment regerding the manner
in which anterior pituitary extract promotes
ketogenesis, Thus, Black et al, {(1934) attribute
the phencmenon to a specific ketogenie factor, while
Shipley and Long {1938) believe it tc be due te an

' increased breakdown of fat consequent upon

interference with carbchydrate and protein cataboclism

!The pancrectrople action increases the amcunt of

pancreatic islet tissue. The amount of this tlssue
has been doubled by Aichardson and Young (1937-38)
using crude anterilor pituitary extract, and
according to Ogilvie (1944) such incresse 1s due

to hypertrophy of the islets to twice thelir original
size and occasionally also a formation of new islets
from proliferated ducts (Figs., 11 and 12). Marks
and Young (1830, 1940) also found thas the

adninistration of crude extract nearly doubles the
insulin/

|
|

|
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insulin content cof the pancreas, They distinguish
between the pancreotropic factor which increases
the amount of islet tissue and the insulin-increasing
factor which augments the amount of extractable
insulin, but these two factors being sc closely
related in action may be asssumed to be one and the

same. The pancrectropic factor thus apparently

stimulates (1) proliferaticn of the pancreatic ductsﬂ
(2) differentlation of new islets from those
proliferated cucts, (3) division of the islet cells i
with hypertrophy of original islets, and (4)
formation of insulin by the islet tissue,

These cbservations suggest that human diabetes
mellitus may be due to hyperfunction of the anteriorI
pltuitary gland, and such hyperactivity may very wali
be the explanation in cases asscclated with an
ecsinophile or basophile adencma of the anterlor
lcbe. They also indicate that the diabetic |

|

syndrome 1is probably due not to a single factor, but |
to a complex made up of glycotropic, glycostatic,
ketogenic and perhaps cother principles. These
varicus factors secreted in excess would combine so
to depress the oxidation and storage of sugar on theI
one hand, and on the other so to stimulate the i
ménufgcture of sugar and ketones as finally to induce
the diabetic syndrome, An oversecretion of the
glycotroﬁic factor is particularly interesting in
that it wculd serve to explain those cases of
diabetes requiring for their control nundreds or |
even thousands of units of insulin daily. Htmﬂwortﬁ

(1938/ ' |
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{1936, 1940), indeed, believes that the young, thin,
nen-hypertensive diabetic is characteristically
insulin- sensitive, whereas the middle-aged, obese,
hypertensive diabetic is insulin-insensitive. This
idea 1s supported by the fact that in the opinion
of de Wesselow and Griffiths (1936) the plasma of
middle-aged, obese, diabetic patients may show
enti-insulin properties, while the plasma of young
diabetic subjects is inactive in this respect.
Finally, the diabetes of acromegaly and Cushing's
syndrome, according to Himsworth (1940}, 1s of the

insulin-insensitive type and irradiestion of the
pituitary region in such cases has benefited both
the diabetes and the insulin-insensitivity. All
these cbservations suggest that the glycotropiec
factor may in some cases be asticloglcally important,
but it must in conclusion be stated that
differentiation of diabetic subjects into clearly
defined insulin-sensitive and insensitive types and
the anti-insulin preperty of diabetic plasma have
| not been generally accepted as proven facts,

The postulation of a ketogenic secretion by
the anterior hypophysis throws doubt on the
established 1dea that the ketcnaemia of human
diabetes is secondary to c¢isturbed carbohydrate
oxidation. Agaln, the appearance of ketonuria in
pituitary diabetes before glycosuria and the lapse of
pltuitary diabetiec subjeccts intoc coma Jjust before the

permanent phase are interesting relative to diabetes

in chilchoed. The disease at this age scmetimes

shows/
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shows 1tself first in coma, and such an occurrence
might conceivably be explained by a sudden, marked
oversecretion of the ketogenic factor. The
pancrectropic factor 1s intripguing from a thera-

. peutlc angle., Many cases of diabetes undoubtedly
involve destruction of 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 pancreotroplic factor,

however, yet remains tc be isoclated from the other

anterior pituiltary secretions and to be proved |

functiocnally active in the human being, i
The similerity between the types of pancreatic
islet damage in pitultary and human diabetes affords
reason for believing that the islet demage in the
: human disease results from oversecretion of the
pitultary diabetogenic factor or factors. Iata
regarding menstruation, acromegaly and other
conditions indicate that the secrstory activity of

the pitultary gland varies conslderably at different

times, Over-secretion of the disbetogenic factor
may therefere only be temporary, but nevertheless of |
such intensity as permanently tc exhaust and damage |
many of the pancreatic islets. Viewed from this
angle, diabetes mellitus is initiated by transitory
hyperfunction of the anterior pituitary gland and
subsequently maintained through pancreatic 1islet

degeneration and insulin deficiency. No explanation,

however, can be given for the initlal pltuitary
hyperfunction and the anterior lobe histologically
also/
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| also falls to reveal any abnormality. At the same
time, Davis et al, (1935) have drawn attention to i
the possible rCle of the nervous system in the genesls
of the condition through showing that the hypo-
thalamus apparently influences the contreol exerted

on carbohydrate metabolism by the anterior !
hypcphysis. Finally, the islet hypertrophy
commonly observed in human diabetic subjects is no
doubt 2 compensatory mechanism and the experimental |
findings indicete that it mey also be medisted

through excessive secretion of the pancreotropic

factor operating in the period of 1slet exhaustion

or degeneration.

Balance between Pancreas and Pituitary Gland

Reference must ncw be made t¢ two important
clinical facts, The first which has been emphasised
by White (see Joalin, 1940b, and Coggeshall and Root, |
1940) is thast the chilcren who develop diabetes are ‘
often abnormally tall and show precocious bone , ‘
dental and sex develcpment. The second is that the |
majority of adult diabetic subjects, according to i
' Joslin (1940a), are or have been cbese: ohesity, '
indeed,is the commonest antecedent factor in |
Gigbetes., The 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 cther and tc the genesis of the
diabetes./




diabetes. _

The obese subject, as Dunlop and Hurray-Lyon
(1931) have shown, does not put on weight |
continmaocusly. The smount of overweight instead 1s
largely determined during the first five years or

less and thereafter an eguilibrium is maintained for

many years. Loss of weight finally occurs with the

onset of diabétea. The cbese diabetic subject as
regards weight thus passes through phases of 1ncreaae;
equilibrium, and decrease. Ogilvie (1935), in an
investigation cof 85 overwelght subjeats, found also
that as the duiration of the obese state increases a
progressive diminution occurs in sugar tolerance.
Morecver, one-third of these cases with a history of
obesity up to 5 years showed an increased sugar ‘
tolerance, while the remainder in this period had |
normal tolerance., Subjects who had been cbese for
between 6 and 11 years also had normal sugar
tolerance, Exsmples of lowered sugar tolerance
thereafter made their appaaraﬁce and every case with |
a history of obesity for 18 years or more finally
exhibited a slightly or definitely decreased
tolerance; Dilgbetes supervened after periods of

12 to 38 years' obesity. These results, assuming
sugar tolerance to be sn index of pancreatlic islet

|
activity, indicate that the islets pass through

phases of incressed, normal, and decreased function !
in one-third of cbese 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 cobese subjects are hypertrophied (Fig. 13)

during the phase of diminished suger tolerance also
suggests that these structures are overactive at
first and later depressed. The initial increase ‘
and ultimate decrease in weight of the cbese
diabetic subject are thus respectively accompanied
by phases of increased (proportion of cases only)
and markedly decreased pancreatic islet activity,
while normal or mcderately decreasea islet function
is assoclated with the intermediate stage of
equilibrium. Finally, Rabinowitch (1938) having
found that diasbetic subjects on caloric values

definitely belcw theoretical requirements either

maintain thelir weight or lose very much less welght
than the anticipated amount has thereby shown that
the digbetic state is characterised by reduced |
catabelism or increased anabolism or both. .
The significance of these clinical obnarvationsl
in relation tc the genesis of diabetes 1is enlightenadé
by recent work on the part of Young (1941la, 1941-42,
1942), Marx et al., {1941-42), and Ogiivie (1945). |
Thus, anterior pitultary extracts have been observed
to be growth-promoting both in growing and fully-
grown subjects. The growing subject, indeed,
usually responds with accelerated grewth only and
rarely becomes diabetlic, whereass increased growth and;
digbetes are usually concomitant results in the i

fully-grown subject. This increased growth, more-

over, taskes place on a diet equal toc or even less

then/
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than that was previously Just sufficiant to maintein
a constant body welght and is accompanied by
retention of nitrogen, deposition of fat, and
hypertreophy of the pancreatic islets, Such
observations suggest thet anterior pitultary extract
brings sbout a state of recuced catabelism or
increased ansbolism or more probably both and may

be correlated as shown in the acccompanying scheme.

Anterior Pituitary Extract
|

1
Liabetogenic Pancrectropic

action : action
{ A

Iepression of carbo-
hydrate oxidation

| ’,151et tissue |

Conservation «———— Increase of
of carbon ~ insulin
- i .
Lepressicnof protelin
catabolism

Conservation
of nitrogen
[

Synthesls of Synthesis of
fat protein

l

B i s ey el

f
Increased growth

The disbetogenic action of the extract by
depressing oxidation leads to a conservation of

I

carbon, while its pancreotrcpic infinence produces
pancreatic islet hypertrophy snd more insulin, This
insulin, through inhibiting protein catabolism,

effects a sparing of nitrogen and glso synthesis®s ths

| conserved carbon and nitrogen into fat and protein

-

respectively./
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 respectively. The resultant increase in body weight
' may consequently be interpreted as due to excessive
Idiabetogenic action balanced by increased pancrestic
'islet function induced through the pancreotropic
action of the extract.

| These experimental obsérvatlons suggest that

'a similar hypophysial-pancreatic balance operating
iat a higher level of activity than ususgl is _
;responalble for the pre-diabetic increase of height
éin children and of weight in adults. Such growth
iaccordingly represents a protective mechanism whereby
‘the nitrogen and carbon retained in consequence of

| exceassive anterior pituitary activity are stored as
| extra tissues under the influence of the pancreatic
:1sleta, increased function of which 1s effected
through the pancreotropic action of the gland. The
predigbetic increase vertically in the child and

laterally in the adult, moreover, 1s malntained so
ilong as the exaggerated activity of the pitultary
'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 18 that

the nitreogen originally conserved in excess is no

‘longer so retained, the carbon which remained
uncxidcised as a result of excessive diabetogenic
iaction is excreted in the urine as sugar, and the
‘body weight falls. Failure of the elevated

:hypophysial—pancreatic balance, in ¢ther words,

!expressas itself in diabetes mellitus.
|

Cther/
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i Other FEndocrine Glands -

‘ The thyreoid gland plays a definite part in
' carbohydrate metabolism, This is seen in that

| byperthyroidism 1s characterised by iowered sugar
tolerance and sometimes glycosurla, while increased

| sugar tolerance is a feature of myxcedema. True
'diabetes mellitus may coexist with both of these

| conditions, In such combination, hyperthyroidism |
[

definitely intensifies the diasbetic state, gnd the

latter, on the other hand, improves on treatment of
ithelhypertnyroidism with iodine or thyroidectomy.
!Similarly, the administration of thyroid extract in
imyxcedema aggravates diabetes, and diabetes in
'contrast may apparently disappear in advanced
myxoedema. This influence of thyroid secretion on

sugar metabolism is probably mediatea through the

sympathetic nervous system and the ocutput of adrenalin

The thyroid gland and pancreatiec islets thus function
|antagenistically, but in an indirect way. Further,

'the 1slets in cases of dlabetes sssociated with

is in sgreement 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 asetioclogical

relationship.

The adrenal glands are intimately related to

carbohydrate metabolism through the secretions of both

their medulla and cortex, ' Adrenalin acts by

liver/

hyperthyrcidism show nc characteristic changes. This |

liberating sugar rapidly into the circulation from the |
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liver and muscles in emotional states. The adrenal
medulla, in other words, functions essentially in

emergencies and thus contrasts with the anterlior

|
|
hypophysis and adrensl cortex, the dlabetogenic '
influences of which are definitely sustained. The

antagonism between adrenglin and insulin is well seen

' in insulin hypoglyceemia when the body in an
iendeavaur to ralse the blood sugar pours adrenalin
‘1nto 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 mechlla.i

gThe fact that the adrenal cortex plays an important
| ,
‘part in sugar metabolism 1s manifest in those diseases
!involvlng deastruction or increase of the cortex,

‘Addison's disease, for example, is characterised by

ﬂlncreaaod sugar tolerance, low fasting blcod sugar

iand.hyparsansitivity to insulin, Concurrent |
' Addison's disease and diasbetes mellitus has been !
described on rare occasions and Bloomfield (1939) hasi
observed that in these circumstances the diabetes |
Ewitn the development of the adrenal condition require%
less insulin for its control. On the other hand,
patients, with hyperplasias, adenoma or carcinoma of
the adrenal cortex, according to Lukens et al. (1937),
frequently show decreased sugar tolerance and
,glycosurla; Long (1935-36), morecver, has shown
‘that bilateral removal of the adrenal cortex alleviates

the diabetes produced by pancreatectomy in the same

way/ 1
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way &3 hypophysectonmy, Clinical and experimentel
cbservations thus both indicate that sc far as the

control of carbohydrate metebolism ie concerned the

adrenal cortex closely rivals the anterior hypophysis.
The ovary alsc influences carbohydrate metaboliaﬁ.
| Since sugar tolerance contimues to tall at the same
' rate after as before the menocpamuse (Cgilvie, 1935),
ithe natural cessation of ovarian function at that
Itima obviocusly does not influence sugar tolerance.
|Th13 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

| conditions, 1In contrast, cases with a history of

:spontaneously occurring or artificialily produced

;amenorrhoea may show both rapidly incressing obesity
;and definitely decreased sugar tolerance (Ogilvie, |
31935J. The time of maximum susceptibility to the
development of disbetes, moreover, is the early
lpostmanopauaal period, These cbservations suggest E
fthat the ovary contrcls the antericr pituitary gland i

;and that on removal of the covarisn restraint the

Ihypophxals exerts an undue disbetcogenic influence on |
metabolism. On this basis;, postmenopasussel diabetes
has been treated with cestrogens which hsve the
additicnal recommendation that they stimulate the
pancreatic islets to grow and secrete insulin (see
Young, 1941bj. Both natural and synthetic
cestrogens have been used, but the results s¢ far
reported have been conflicting. Thus, while

definite/
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definite amelioration of the disease was noted by |
earliocr investigators, later observsations have been ‘

of a more or less negative nature, |

Alloxan Iiabetes

| Alloxan, the ureide of mesoxallc acid, has
!rocently been shown by Dumnn 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

bleocd sugar following the administration of alloxan

firat rises and then falls to a subnormal level,
 probably owing, as Hughes et al. (1944) have suggested,
to liberation of preformed insulin firom the necrotic
'islet tissue. This hypoglycaemia, indeed, may be
iao severe as to result in death or; on the other hand,
| be succeeded by hyperglycaemia, glycosuria, and often
Ithe cardinal szigns of severe, persistent diabetes.

iThis discovery is important inasmuch as alloxan is

iknown to be related to certalin 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 oi an cedematous
:patlent and in the mucus of a case of intestinal
catarrh. The significance of alloxan in these

various circumstances will no doubt be extended before

long, but such facts are sufficient to suggest that
alloxan/
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alloxan might in conditicns of gltered metabolism

be liberated excessively into the circulation and so

damage the pancreatic islets as te result in
diabetes mellitus, One observation against this
theory is the fact that pancreatic 1slet necrosis
which 1s the characteristic effect of alloxan 1s by
nc means 80 typical of human diebetes. Necrosis,
nevertheless, has heén described on rare oeéasiona
in the human subject and the islet lesions more
commenly found in human disbetes might well

be produced as a result of further experimentation

with alloxan,

The fact that the diabetlc problem was
originally described as complex has certasinly been
borne cut by this review, At the same time, an
attempt has been made to marshal some of the kncwn
facts by first considering the pancreas and the
pituitary gland and then trying to strike a balance
between these orgens. The influence of the cther
endocrine glands on carbohydrate metabolism was
mentioned and emphasis laid on the adrenal cortex
a8 probably being more potently concerned than is
at present imagined. Finally, slloxan diabetes
has boen considered and classed as » digscovery such
as may soon shed new light on the ageticlogy cf

digbetes mellitus.
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