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3 .  .AlFersion to the diet or improper intestinal 
fa t  absorption were not responsible for the 
results. 4. I t  was concluded that rancid fats 

conditions, the *'lard factor'' may play an 
important part in the prevention oi the dis- 
ease ascribed to vit. -4 deficiency. 

are not toxic per SP and that, under natural 
Reccived September 20, 1Y50. P.S.E.B.SI.. 1059. v75. 

Progressive Decreased Glucose-tolerance and Glycogen-storage follow in^ 
Acetoacetate Injection ; Prevention by Insulin and Amellin. (18187) 

31ADHAI3 C H A N D R A  N A T H  AND C H I T T A  I I A R A N  CHAT7 YRABARTI. 
(Introduced by ,%mold Lazarow) 

From t he Unicersit y D e p a r t  mpnt 

The hypothesis( 1 )  that the gradual ac- 
cu niu la t ion of in term edia ry fa t me t a bol i t es 
such as beta-hydroxybutyric acid and aceto- 
acetic acid might primarily be responsible 
for the progressive development of clinical 
diabetes and that these metabolites might 
exert a stimulating effect on the insulin se- 
creting mechanism of the islet cells and ul- 
timately lead to beta cell exhaustion through 
excessive strain, have been strengthened by 
recent publications from this laboratory ( 2 . 3 ,  
4 )  and supported by Lazarow( 5 ) .  He  ac- 
counts for the increased fasting blood sugar 
levels. which are observed in men placed on 
a high fat diet(6,7) on the basis of this 
hypothesis. Houssay and 3lartinez( 8 )  in- 
vestigated the effect of different diets on 
the sensitivity of rats to alloxan and found 
that the toxic and diabetogenic effects were 
much more pronounced in the animals re- 
ceiving a high fat diet. The harmful effects 
of a high fa t  diet were also observed by 
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of Biocheiizistry, ,17agpur, India.  

Opie ( 9 ) .  Dunham and Brunschwig( 10).  3 1 ~ -  
Kibbin et a2. ( 11) and many others. I t  has 
recently been shown by Kath,  Chakrabarti 
and Hatwalne( 1 2 )  and Xath and Chakrabarti 
(13)  that the injection of the sodium salt 
of beta-hydroxybutyric acid caused a marked 
depletion in the liver and muscle glycogen. 
thus suggesting that this compound may dis- 
turb phosphorylation. 

The present paper shows that the injection 
of acetoacetate into rabbits reduces the $11- 

cose tolerance and the glycogen stored in liver 
and muscle. Amellin,* a plant product which 
was isolated by I\jath( 14) and shown to be 
highly beneficial in more than 50 clinical 
cases of diabetes( 15-20), restored the glucose 
tolerance to normal and checked the depletion 

8 This  is a complex protein-like substance which 
contains a purine base, a thio sugar, and a phos- 
phate group. 
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in liver and muscle glycogen. Comparative 
studies with insulin were also carried out. 

Experimental. Twenty healthy rabbits, 
each weighing approximately 2 kg and having 
fasting blood sugar levels ranging between 
106-116 mg per 1010 cc, were selected. They 
were kept on a diet of germinated green grain 
( P h a s e o h  mungo) and green grass during 
the whole experimental period. The sodium 
salt of acetoacetic acid, which was prepared 
in the usual way, was given intraperitoneally. 
Since we previously(4) observed that the 
hyperglycemia induced by inj>ecting the inter- 
mediary fa t  metabolites did not persist unless 
the successive dose was increased, the ani- 
mals in our present experiment were given in- 
creasing doses of sodium acetoacetate, begin- 
ning with a daily dose of 50 mg/kg of body 
weight. The dose v7as gradually increased 
up to 300 mg/kg of body weight, as  shown 
in the tables. The glucose tolerance test was 
carried out after fasting the animals for 
about 18 hours and the ghcose was given 
subcutaneously in doses of 1.75 g/kg body 
weight. The method of Hagedorn and Jen- 
s ~ n ( 2 1 )  was used for the estimation of the 
blood sugar. Some of the experimental ani- 
mals were killed periodically and the glyco- 
gen stored in liver and leg muscle was de- 
termined according to the method of Good, 
Kramer and Somogyi (22). After 90 days, 
the experimental rabbits were divided into 3 
groups. The animals in the first group were 
injected with sodium acetoacetate in increas- 
ing doses as mentioned before. The second 
group of animals was given ‘Amellin’ sub- 
cutaneously, 1 2  mg/kg body weight per day 
along with sodium acetoacetate as in Group 1, 
while the third group were given insulin 
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subcutaneously, 0.5 uni t/kg,/day plus sodium 
acetoacetate. The comparative effects of 
these 2 drugs on glucose tolerance and gly- 
cogen storage were studied for an additional 
40 days. After 130 days the dose of insulin 
was increased to 0.75 unit/kg body weight in 
some animals in order to see if this would 
facilitate glucose utilization. 

At the beginning of the experi- 
ment, prior to the injection of acetoacetate, 
the fasting blood sugar level ranged between 
106 and 116 mg/100 cc. When a glucose 
tolerance test was performed the maximum 
blood sugar value was reached within a half 
hour and the blood sugar returned to the 
initial level within 2 %  hours (Table I) .  

Following the administration of aceto- 
acetate in doses of 50 mg/lkg for 10 days, we 
found an indication of hypoglycemia in all 
the animals, as reported previously from this 
laboratory. After 30 days of injection. all 
the animals had passed over the hypogly- 
cemic stage and showed definite indications 
of a fasting hyperglycemia. In  most cases 
the blood sugar values during the glucose 
tolerance test did not return to the initial 
values within 2 ) 4  hours. a f te r  50 days of 
acetoacetate injection on the shape of the 
glucose tolerance curve changed so that the 
maximum B. S. salue was reached after 1% 
hours and the B. S. values after 3% hours 
are, in most cases, far greater than the in- 
itial ones. The curves were typically dia- 
betic in character. By the 70th and 90th 
day the hyperglycemia increased further and 
there was a progressive decrease in glucose 
tolerance. At 90 days some of the initial 
B. S. values exceeded 190 and the average 
percentage increase of B.S. during the glu- 
cosc tolerance test increased to 6876 (normal 
= 3 5 4r, ) . Average glucose tolerance curves 
a t  different periods of injection are repre- 
sented in Table 1. Tidwell and -Axelrod(23), 
studied the effect of acetoacetate in rats for 
a period of only 4 weeks. During this time 
they observed hypoglycemia, but they did 
not observe the second hyperglycemic phase. 
This may be due to their failure to continue 

23 Tidwe;l, H. C.. an& .4xe:rod, H. E., J .  Biol. 
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m a l ~  I\ t're killt1d foi. glycogeii stutlicl\. 

the stud!- past 30 days o r . t o  a species dif- 
ference in the response to acetoacetate. S a t h  
c t  tri.(24) have shown that acetoacetate can 
stiniulate the biosynthesis of vitamin C in 
rats far more than in rabbits. -As vitamin C 
is IinoLYn to be highly beneficial in improving 
glucose metabolism ( 2 5 )  it might be expected 
that the hyperglyceniic phase in rabbits would 
he more pronounced than is the case in rats. 

C'oi?iparnti:~r F f l p c t  of llmeZlin and imulin 
o i i  czcctouretatc iizduced diuhetes.  ,After 90 
da-5 when all the animals showed definite 
h~-perglycemia and decreased glucose toler- 
ance. the efiects of insulin and A-hnellin were 
studied. _knellin was injected into 6 fasting 
animals in \,arj-ing doses (20 nig. 30 nig and 
5G mg kg body weight) antl its effect on the 
blood sugar was determined during the sub- 
sequent 3 '  6 hours. The  animals were fed 
for 3 hours antl then allowed to fast for 16 
hours. The same experinlent was repeated 
on the 2nd day and the fasting 48 hour blood 
sugar level was also determined. Parallel 
studies with insulin (0.5 unit per kg) were 
carried out in four other animals treated in 
the sanie way. The results are shown in 
T ~ b l e  11. Six of these animals were given 
;\niellin i 10 iiig kg body weight 'day) and 
1 rabbits were injected with insulin (0 . j  

24 S a t h .  31. C , Chakrabarti C .  13.. Hatnalne. 
I .  C.. and I,aul, K .  S ,  -TafurP., 1048, v162, 660. 

11.5. Himsnorth,  H. P., Lnncct, 19.36. v l ,  1-77. 

unit/kg day) for 20 days; the injection of 
acetoacetate was continued in the doses stated 
previously. -At the end of this period a glu- 
cose tolerance was performed. After an addi- 
tional 20 days of combined acetoacetate plus 
Amellin or insulin injections the glucose tol- 
erance was repeated. - I t  this time the in- 
sulin dose was increased from 0.5 unit to 0.75 
unit, kg and 3 rabbits received this increased 
insulin dose for 7 days after which time a 
glucose tolerance test was again performed. 
The  results are shown in Table 111. 

I t  will be noted that -4mellin treatment not 
only lowered the fasting blood sugar value 
but it also improved the glucose tolerance. 
Although insulin lowered the blood sugar 
temporarily it  did not produce a permanent 
decrease in the fasting blood sugar level as 
did L-hiellin, for in the 3 rabbits that had 
received insulin for 4.7 clays the initial blood 
sugar values ranged between 198 and 2 10 mg/ 
100 cc 24 hours after the injection of insulin 
plus glucose. 

Depletion in the glycoym storage and its 
restoration. The animals were killed per- 
iodically? i.e. after 10, 30, 90 and 130 days 
and the glycogen contents of the liver and 
muscle were determined in the usual way. 
The following table indicates the enwmous 
loss of glq-cogen, as compared to normal ani- 
mals. These data are in agreement with 
those observed in rats under similar condi- 
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tion5 ( 12,  I 3  ) . The effects of Amellin and 
insulin on  the restoration of liver and muscle 
gl!-copen are shown in Table I!-. It will be 
noted that the repeated administration of 
- h e l l i n  to rabbits receiving acetoacetate re- 
stored the liver gl!-cogen almost completely 
and the muscle glycogen to a lesser extent. 
I 1 1 d i 1 1  was less effective in restoring liver 
and muscle glxcopen than was ,Amellin. -\1- 
though all the animals treated with acetoace- 
ta te became hj-perglycemic and showed typi- 
cal diabetic glucose tolerance curves and ply- 
cogen depletion. none showed glycosuria a t  
the end of the 130 daj- exp2rimental period. 
Inject ions kvere therefore continued in some 
anim;il.; to see if  the!- could be made gly- 
cosiiric on prolonyxl treatment. .\fter 140 
(lay> ot' injection. Lrlucose was injected for a 
tolemice test ( 1 . i 5  m kg) and one rabbit 
show~d gl!~cosuria (0.4% glucose in the 24 
hour sauiple). The treatment with aceto- 
acetate  as continriecl and on the 160th day 
the same rabbit developed a spontaneous 
mild glycosuria (0.1c4 sugar in 24 hour 
sample). The animals which were 1r;ilIed 
periodicallj- for the estimation of glycogen, 
were also st i t  died morphologicall!*. Tumors 
were found i n  the livers of  all animals receiv- 
ing onl!- acetoacetate: their size varied pro- 
pxtionatelj- with the period of injection. The  
kidiiej-5 also shon.erl signs of progressive 
damage. So tumors were seen in the animals 
treated simultaneouslj- with acetoacetate plus 
either .\inellin or insulin for about 40 days. 
The l d n e j - s  of these animals were also found 
to be iiiore or less normal. 

I t  has been observed by Joslin(26) that 

human diabetes is frequently preceded by  a 
period of obesity. Foglia(27) found that 
after the removal of 80 to 9 5 7 .  of the pan- 
creas in rats there is an  initial periiod of 
obesity with no manifest signs of diabetes. 
This stage is then followed by  a period of 
alimentary hyperglycemia which, in turn, is 
followed by fasting hyperglycemia and glyco- 
suria and finally a period of ketosis and 
death. This progression of diabetes in sub- 
total pancreatectomized rats parallels in many 
wajrs the development of human diabetes ( 2  7 ) . 
As similar stages have also been observed 
in the experimental animals reported here. 
it is possible that this progression of diabetes 
induced by intermediary fat metabolites may 
represent an experimental diabetes which 
closely psrallels the development of human 
diabetes. 

The hyperglycemic effect of a high fat and 
low carbohydrate diet as oibserved by Hims- 
worth(28) can also be accounted €or in the 
light of these findings. 

The beneficial effects of Amellin in animals 
with diabetes induced by ketone body in- 
iection might be due to either its ketolytic 
effect as observed by Kath  and Habibul Islam 
(29)  or to its action on enzyme systems. 
.\mellin, which has been found to contain 
a thio group. may also exert its protective 

26.  J d i n ,  E.  P., *Yew Eng. Jozw. Ned., 1933, v209, 
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influence like glutathione, which in large 
doses has been found by Lazarow(30,31) to 
completely protect rats against the develop- 
ment of alloxan diabetes. 

Summary. 1 The repeated daily injection 
of sodium acetoacetate in progressively in- 
creasing doses (beginning a t  50 mg/kg body 
weight ) caused a progressive hyperglycemia 
in rabbits after an initial hypoglycemic stage. 
2.  The glucose tolerance of these animals was 
decreased after 30 days of injection and the 
tolerance curve taken a t  30, 50, 70, 90, 110 
and 130 days became progressively more dia- 
betic. 3 .  The shape of thle tolerance curves 
changed considerably on prolonged treatment 
with acetoacetate and in most cases the blood 
sugar levels a t  3 5  hours wer,e far greater 
than the pre-injection level. 4. The glycogen 
content of liver and muscle is gradually de- 
pleted, so that after 130 days of injection it 
was decreased 64.9% and 73.4% respectively. 
5. When Amellin was injected daily for 40 
days in doses of 10-12 mg/kg into these hyper- 
glycemia animals it reduced the blood sugar 
to 105 mg/100 cc (normal value). Insulin, 
although it relieved the fasting hyperglycemia 
~ _ _ ~ _ _  __.- 
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initially, had little effect on the fasting hyper- 
glycemia in later stages. Increasing the in- 
sulin dose leads to death. 6. The glucose 
tolerance of the animals treated with sodium 
acetoacetate became absolutely normal after 
Amellin had been administered for 40 days, 
whereas the tolerance of similar animals 
treated with insulin was not normal a t  40 
days. 

Addendum.  After this paper was presented 
for publication Griffiths( 32) reported that 
uric acid produced diabetes in rabbits only 
when their blood glutathione was lowered to 
about half the normal value. Acetoacetate 
injection has recently been found in this lab- 
oratory to lower blood glutathione consider- 
ably(33). These observations may help to 
explain how acetoacetate favors the develop- 
ment of hyperglycemia and how Amellin acts 
as a protective substance. 

The authors are deeply indebted to Dr. Lazarow 
of Western Reserve University for his keen interest 
in this work. 
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Alpha Tocopherol in Treatment of Alloxan Diabetes in Dogs." (18188) 

D. J. VIKCENT AND A. G. WORTON. (Introduced by J. B. Brown) 
From the Clinical Pathological Laboratory, WhiLe Cross Hospital, Columbus, Ohio 

Reports have appeared in the literature on 
the use of alpha tocopherol, in treatment of 
diabetes ( 1,2 ) . Recent publications reviewing 
therapy of diabetes mellitus have invariably 
made a plea for fundamental controlled work 
to be done on the use of alpha tocopherol in 
the treatment of diabetes mellitus (3). There- 

*These studies were supported by a grant from 
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fore, it was considered worth whiIe to study 
the effect of alpha tocopherol on alloxan. 
diabetes in the dog. 

Method  of s tudy .  Ten dogs were rendered 
diabetic by a freshly prepared 5% solution of 
alloxan administered in intravenous doses of: 
65 to 75 mg per kilo body weight. The dogs 
were then divided into 2 groups, 7 comprising 
the experimental group, 3 the control group. 
The experimental dogs were treated with diet, 
insulin and alpha tocopherol. The control 
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