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Introduction.

In recent years statements have appeared in the
iiterature whiech indicate thabt oestrin has a depressing
aection on the so-called vdiabetogenie” funetion of the
pituitary. This study was underiaken to dsmonstrate

the action of oestrin, if any, on the diabetic monkey.

A‘prelimiaary‘re@&r% on this work will be pre~
asented at the meebing of the Federstion of American
Societies for Experimental Biology in Memphis, Tenn.,

April, 1937.




EXPERIMENTAL PANCREATIC DIABETES.

Mehring and Minkowski, in 1885, made a detailed
study of the éalaﬁiemshig of the pancreas to éiabetas¢
They definitely establighed that the removal of the
pancreas of dogs is followed by & condition resembling
diabetes mellitus in man., Labter studies have shown
that the course of this disease varies in different
aéaei&sg, In-the dog, hyperglyecaemia develops within
twenbty-four hours af%ér operation, ketosis supervenes.
The characteristic symptoms of the e&ﬂéiticﬁ‘a?a
palyar&ag\p@ly&y@sia@‘lasg of weight, good appe%i%e@
Finally, coms sebs in and the animsl dfes in convul-

sibng 'S

THE PITUITARY AND DIABRTES.

Houssay and Bias&%ti {10} first demonstrated a
functional relation between tlhe @ituitaxy and carbo~
hydrate metabolism. They showed that pancreatectomy
iﬁ the hypophysectomised %aaé'@r‘ﬁeg is not fﬂllﬁ%&ﬁv
by the usual symgtgms of pancreatic deprivation. The
glucose excretion is lowered in these animals, acidosis
stops eample%ely; end the customary fatty degeneration

of the liver does not cccur. Such animals survive for
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long periods. The injection of anterior pituitary
preparations into these animals returns them to an
extreme disbetic sbtate. These findings have been
confirmed by & number of authors (2,6,13,8). Long
end lukens (14) have recently shown that adrenalectomy
in & depancreatised animal produces a condition analo-
goug to that of a,éepanerea%iseé«hypeghgseetémise&
animal.

Concerning the menner in which the pituitary
exerts its effect on carbohydrate metabolism very
1ittle is known. Houssay and his coworkers believe
that the pituitary effect is a direct one. They consider
that the improved é@ﬁ&i%iﬂx of sueh animals may be
ecaused by an inereasced sugar utilization., Long considers
\thatgthe adrenal e@réex is an intermediate factor.

Burn and Ling {§f have made a pituitary preparation
which, when injected into normal rats, produces a rise
in ketone bodies in blood and urine. Anselmino and
Hoffmann {1} have produced supporbing evidence. Thus
it would appear that the anterior pitulitary secrstes
& gubstange - Ythe dlabebogenic hormone"™ - which in some
fashion elevabtes the bloed sugar, and a second substance -

tthe ketogenic hormone” - whieh stimulates ketone bodies

- formation.




THE EFFECT OF OESTRIN ON PITUITARY FURCTION.

Investigations have showsn that ocesbrin exeris a

" suppressing influence aﬁ'grswéhﬁ gonadotropic and
iaeﬁageniq asctivities of the anterior pituitary (15,
17,18,24). However, evidence has been presemted 173
indicate a release of luteinizing hormone from the
pituitaries of cestrin-treated rats :9;,11,16,,22§g

These findings suggested the possibility of suppress-
ing the "diabetogenie” pPactor in the anterior pituitery
with cestrin aﬁé thus producing a condition analogous
40 the modified form of diasbetes observed iﬁ’hypophyseea
fomiged animals: Barnes §§,§§«{3) made o shudy of this
in the depancreatised é@g§‘§@13ﬁﬁ‘aﬁa Overholser {(19)

in the monkey. Their resulis indicate that oestrin
trestment produeces only a mild glycosuria and hgper»
glyeagmia, while the cossation of treatment precipitates
a mevere glycosuria and hyéerglyeaemia@ The survival
period of such animals was at least ten days longer
than the controel,

¢linieal spplication of ocestrone treatment in

diabetes has ﬁeeﬁ~maﬁe {12,20,21)}. The results obtained,

however, are nod convineing.




EXPERIMENT AL PROCEDURE.

The animals used for this work were sub-adul$ and
adult female and male menkeys (Macaca ¥ulattal. They were
kept in specisl metabolism cages, reeeiving the usual
colony ration of Bafrets, eabbages and ?arinaa Twenty-four
nour gamples éf urine were collected and analyses garried
out for the total reducing sugars by a micro-modification
of Benedict's copper %i%rati0n metheﬁ {i},’éna acetone
bodies by Van Slyke's method (23). |

Bléﬁd samples were teken in the mormning pefore the
animals were fed and s&gariéeterminatians earried out by
the method of Folin and Wu (7%

Panereatectony was @erfarme& by Dr. Selye. Three
animals were kept as controls throughout the course of

this investigation.

uE EFFECT OF OESTRIN ON THE DIABRTIC MONKEY.

The oestrin used was a crude preparation in oil,
. containing about 1000 y of oestrin Per C.G. The animals
under treatment Were,giveﬁ.l~egee~ef thié grepargﬁien
daily by sn@eu@anaﬁus injection.
Sevea;aﬁimals~ﬁere'asaég One female recelived
oestrone for %éﬂ é&ys;priﬂr %a~§am@reaﬁéetamyg - The
 remai§ing animals were not graétreaﬁaé. o ecarry them

over the first operative shoeck, they received insulin




fer‘saveral days after operation. This was followed
by 2 2 to 5 day periocd of combined insulin and oestrin
' $reatment., TFinally, insulin was discontinued and only
cestrin given for 10 o 18 days. Then all breatment
was stopped.
| The completeness of pancreatectomy was indicated
by the bleod and urine suzar findings and assured at
autopsye

Monkey No. 3, receiving oestrone prior to pansreatec-
tomy, died on the fourth day after operation. She refused
to take food. Om the last day she showed a,méfkeﬁ hyper-
glycaemia { 450 - 500 mg. per 100 G.¢.) and =& high ketosis
{1.75 gm.)e Ap@arenﬁly‘a~ée?eléping acidosis resulted in
deathe

Eﬁﬁk@gs Hos. 2 and 5 showed the longest survival
period. ﬁaakey'ﬁaaﬁ remained in good condition until the
127th day after operation when she developed bronchial
pneumonia and died two days subsequently. Her weight
decreased from 4.7 $0 4.2 kz. Monkey No.2 was depancrea-
tised on October Oth, 1936, and has remained in excellent
condition up %0 the present time. Her weight has de-
creased from 4.8 1o 4.2 kg. Throughout the gérieakaf
observation these two animals have shown & consistent
ryperglycaemia { 200-600 mg. per 100 c.¢.) and glycosuria
{ 2-23 gm. per kg. in 24 hrs.) with no noticeable response

to ocestrone treatment. The ketosis showed a slight inersase




during the first 3 %o 4 days fgllawiﬁg the operation.
Then it returned to the normal level and remained there.
Graph I shows the fluctuations in blood sugar, urine
sugar, keitosis and body weight over the entire posgt-
operative life of monkey No. 5.

similar to monkeys Nog. 2 and 5, the remaining
four animals showed no change in glycosuria, hyper-
glycaemia or ketosis during and afber cestrin treatment.

HMonkey No. 1 showed a urine sugar of 2 - 7 gm. per
kg., and a blood sugar of 300 %o 400 mg. in 100 g.C.
‘A slight rise in ketosis was observed during the first
two days after operation, reaching a maximum of 0.45 gm.
on the second &agw By the fourth day this had decreased
o the normal level and remained there subseguently
{ 0.01 - 9;&? gme. in 24 hre.)s The animel died on the
19th day following pancreatectomy, from biliary obstruction
gaunged by post-operative adheslons.

Wonkey No. 4 showed & fasting blood sugar of 250-
300 mg. in 100 e.c. The urine sugar varied between 2 and
13 gm, gequgﬁ ?h&iketﬂsis inereased progressively up
40 the tenth day { 4.8% gm.) and then gradually decreased
to the normal value of 0.03 gm. on the 2lst day. The
animai'éiea on the 38%& day after sp@rati@ng Her weizht

decreased from 5§ t0 4 kg.




Monkey No. & showed a blood sugar of 250 - 500
mg. in 100 e.c. and o urine sugar of 2 - 10 gm. per
kg. The ketosis vemained at the normal level of 0.02-
0.09 gm. in 24 hrs. She died on the 26%h day following
pancreatectomy, Her welght decreased from 4.7 %0 3.8 kg

Konkey No. 7 showed a biood sugar of 250 - 300 mg.
in 100 c.c. and a urine sugar of 2.5 - 13 gm. per kg.
?he keiosis reached a maximus of 0.35zm. on the third
gday after operatlon and %heﬁ.reﬁnrﬂeé te the normal
isvel. She died on the 21s% day fallﬁwxﬁg gaﬁeweaﬁe@tamga
Her weight decreased from 4.75 t@ 3:45 kg.

The animal$~faaei?iﬁg cestrin treatment unbil
shorsly before death { monkeys Hos. 1,4,5 and 7) showed
typical pre-morbal symphoms, namely & loss af’aype%iﬁa
and diarrhoes. BEnlarged, yrowm-goloursd adrenals were
observed at autopsy showing degenerative changes in the
corbex. Any suspected paacreatic pemnants were studied
hlstelﬁgieally and @r@ve& negative. The yitai%aries
and thyroids appeared aormal. ‘One snimal ( monkey No.6)

showed o severe uleeration in the caeeun.




PANCREATIC DIABRTES IN UNTREATED MOWKEYS.

Eight mounkeys were depancreatlised, OFf these,
four animals were given ingulin for varying periods
following the operation, and then treatment was dig-

- eontinued. The remsining four served as unireated
controls,

Three of the four untreated control animals
{monkeys Nos. 13,14 and 15) died from 3 to 6 days
following the operation. They refused to take fFfood,
Auntopsy findings established the cause of death as
pogt-operative pneumonis. The livers of these animals
showed fatty degeneratieﬁa‘%he liver fat ranging from
14 %o 18 %. The fourth untreated animal died on the
36th day following pancreatestomy. She showed extreme
muscular atrophy. Her liver fat was 12.5 %. 1I% is

| obvious that these animals died from post-operative
pulmonary complications rather than panereatic deficiency.

Monkeys Nos. 8 and 9 were given insulin following
pancreatectomy for 17 and 12 days respectively. They
showed a marked hyperglycaemia {( 100 - 600 mg. in 100 c.c.)
and glyecosuria ( 2 ~'3$ gm. per kg.). Their ketosis
was similar to that of the oestrone treated animals.
They showed a gradusal decrease in waigh%,»ée? o 3.3 kgz.
for monkey No. 8 and 4.5 %o 3.15 kg. for monkey No. 9.
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Monkey No. 8 was sacrificed 92 days f&li@wﬁﬁg pancreatec-
tomy for analyses. The results are given in Table I.
Monkey Neo. 9 Waszaegaﬁsraatise& on November 25th, 1936,
and has remained in good conditien up to the present
time. | ’

Honkeys Nos. 10 and 11 were given imsulin fer
four days after pancreatectomy. Both showed a high
blood sugar { 230-400 mg. in 100 c¢.c.) and urine sugar
{ 2-18 gm. per kg.) but no ketosis. Thelr weight de-
creased from 7.6 to 4.7 and 4.6 to 3.4 kg. respectively.
Monkey No. 10 died 76 days following the operation.

At autopsy tubercular lesions of the lungs were Tound.
Monkey 11 died 77 days following the operation. No
definite lesions were found. Both animals showed normal
adrenals and a normal liver fab.

A brief summary of the results is given in Table II.




EESGSSSK@§¢

Conbrary t0 previous findings, 1% has been shown

that oestrin has no effect on the hyperglycaemia and
glycosuria of the diabetic monkey.

A eonstant finding in untreated diabetic monkeys
is the absence of ketosis. The cause of this, whether
s species variation or some other fastor, must remain
‘unanswered for the present. We might mention, however,
that in our attempts to produce a ketosis in normal and
a@paﬂereaﬁise&,mﬁakeys‘witk alkaline extracts of the
snterior pituitary and other tketogenie® preparations
made by Dr. Collip,and known %o DpOsSsess ketogenic
pfgger%iﬁs3~wa:weré’mﬁsacﬁassfuia

The first few days following pancreabectomy,
monkeys show a hyperglycaemia, glycosuria, a @eveleyiﬁg
acidosis, and a fatty éeg@ﬂéra%i@n of the liver. Within
a fow days after operation, however, the latber w0
symptoms disappear. Apparently the animals guiekly
adapt themselves 0 the condition of pancreatic deficiency.
The pesults obitained appear to indicabte a certain amount
of utilization of sugar by these animals.

The depancreatised monkey is hypersensitive to
4nsulin {ef. Graph II). When fasted for 34 to 70 hours
s severe hypoglycaemis ensues { 22 mg. im 100 g.Co ) while

normal controls show only a slight drop in blood sugar

{50-60 mg. in 100 c.c.) (ef. Graph III).
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It appears that changes in the sugar mebabolism
fellewing‘yaﬁereatee%ﬁmy in the monkey ave similar to
those obbained by gimultaae@uékpéﬁsrsateetémy and
adrenalectony, or yaaﬁreaﬁeet@my and hypaﬁhygsat@mgs in

snimels such as the dog and the cat.

SUMMARY.

The supposition that cestrin has a depressing
action on the seweallé& "diabetogenic hormone” of the
anberior pituiﬁaﬁy has not veceived any eanfirma%iaﬁa
The untreated depancrestised monkey exhibits a hyper-
:gly@aﬁmia@ glﬁsﬁsa?iag but no ketogis and may survive
the cpsra%ian indefinitely if complications de not set
ine.

The depencreatised monkey is hypersensitive %o
insulin. vgevera;hyyagly@&emia‘eﬁs&es when such animals
are f&sﬁﬁﬁ:fﬁfvﬁéftﬂ 70 hours.

Changes in earbohydrate metaboelism oblained in the
‘depancreatised monkey are similar to those shown by the
depancreatised-hypophysectomised, and the depancreatised-

adrenaleetomised dog or cab.
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TABLE L.

BLOOD AND MUSCLE ANALYSES IN THE DIABETIC MONKEY.

Liver

glycogen

YVuscle glycogen

Hearts

Blood

Blood

Blood
Blood
Blood

Liver

musele glyeogen
sugar
chloride

caleium

inorganic phosphorus

eholesterol

fat

2,01 % in terms of reducing sugars.

%06 mz. % in terms of reducing sugars.

}88 mes i’% i
452 mg. in 100
477 mg. in 100

i

Gl ’

Co8u

8.8 mg.in 100 e.c.

2.4 mg.in 100
215 mg. in 100
11.02 %

Qe

Gelln

24 ¥ oo

serum




TABLE II. .

SUMMARY OF RESULTS OF EXPERIMENTS ON MONKEYS.

Ketosis Decrease in Survival

Welght peried

Blood sugsr Urine sugar

ng./100c.¢. em. kg,

gm./24 hrs. o ke days

, TREATED MONKEYS
300 = 400 2- 7 0.00-0.45 - -
25& - 600 - 2-23 0.01~0.20 4eB=h 2
450 - 500 1 2 0,01-1.7 .
250 - 300 213 0,03-4.8 540-440
150 = 650 1-19 0,00-0,25 LaTmdo?
250 - 500 2.10 0.02-0.09 4.7-3+8
. 250 - 300 2-13 0.02-0.35 4.75-3.45
UNTREATED MONKEYS ( GIVEN INSULIN FIRST FEW DAYS).

8.
9.
10.
11,

100 - 600
150 - 500
250 - 400

2-19
2=34

- 2=12

gs G@"“Qa?@

0.00-0,31
0.04-0.8

09 91"0923

4sT7=33

4.5-3.15
70 6“"‘4& 7

233 - 483 2“18 4,0 6“304

UNTREATED MONKEYS.
12, 200 - 400 2-19
13. 230 - 350 1-3
14, 270 ~ 500
15, 360
NORMAL, CONTROL MONKEYS.
| 70 - 110
70 - 118
65 - 100

0.01-2,1 3.95-3.10
0.06-1.5 Seﬁ
0.27-1.5 545
0,30-1.8 6.05

0.00-0,08 6.7
Q«ﬁ«»@)e 98 5,@
G@:Q‘*Qa 6? ’ 3'5 .

fas
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