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A Study of the Effect of Alloxan Diabetes on the Riboflavin Requirements 
of Young Rats.* 

F. C. CHARALAMPOUS AND D. M. HEGSTED. (Introduced by F. J. Stare.) 
Front the Departnaeqtt of Nutrition, Darvard School of Pwblic Health, and the Department of 

Biological Chemistry, Harvard Medical School, Boston. 

Clinical as well as experimental evidence 
has at  various times been interpreted to in- 
dicate that various members of the vitamins 
of the 33 complex may be useful in the control 
of diabetes mellitus or that the vitamin re- 
quirements of the diabetic animal are abnor- 
mally high. I t  would not be surprising if 
this were true in view of the well known 
functions of thiamine, riboflavin and niacin 
in the metabolism of carb~hydrates.l-~ Re- 
cent evidence implicates pantothenic acid4 
and biotin5-s in carbohydrate metabolism as 
well, and choline might be important indi- 
rectly in glucose metabolism through its effect 
upon liver function. 

However, all of the clinical data9-17 may be 
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criticized on the basis that non-diabetic 
dietary controls were not available for study. 
The mere fact that the diabetic patient re- 
sponds favorably to the administration of a 
vitamin does not necessarily indicate anything 
abnormal in the requirements or function of 
the vitamin but may simply reflect an in- 
adequacy of t-he dietary intake as in any other 
individual. The experimental evidence is 
also unsatisfactory . Several au t h o r ~ ~ ~ J ~ - ~ ~  
have reported changes in the glucose tolerance, 
the blood sugar level, and the effectiveness of 
insulin when various vitamins were given to 
diabetic animals, but again the dietary con- 
trol has been usually inadequate. 

I n  a previous study from this laboratoryz3 
the thiamine requirement of the alloxan dia- 
betic rat was found to be approximately the 
same as the nondiabetic controls and ap- 
peared to .be related, as in the normal animal, 
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TABLE I. 
Coiiiparison of the Rlrltc of Dewlopmcnt of Riboflavill Dcficieacy in Diabetic and Xon- 

diabetic Rats. 

Loss of mnsimuni Time t o  reduce food Time before mt 
wt in 1 0  wk, intake t o  50(&, loss began, 

Group $6 weeks days 

Xon-dia betic 20.9 e 5.7 8.0 +, 1.0 32.0 +- 3.8 
Diabetic, 20.8 2 1 . 5 "  8.2 & 0.7i" 33.3 f 3.74" 

__ - - . _ ~  - 
.* Alean f standard deviation. 

with the amount of glucose metabolised. 
The present study represents an attempt to 

determine whether the riboflavin requirements 
of the rat are affected by alloxan diabetes. 
This appeared worthy of study since (a) the 
proportion of fat, protein and carbohydrate 
metabolised is changed during diabetes and 
this may affect the riboflavin require- 
ments,21 "ci ( b )  the development of cataracts 
is comnion in the diabetic raf2i-2s and in ribo- 
flavin deficient rats in some 
and (c) the marked diuresis during the course 
of alloxan diabetes might influence the rate 
of excretion of the water soluble vitamins es- 
pecially after the parenteral administration 
of relatively large amounts of these vitamins. 

Experimental. Twenty-six young female 
rats weighing between 90 and 110 g were 
divided into two main groups. The first group 
of 14 animals was rendered severely diabetic 
by the intravenous administration of 50 mg 
alloxan monohydrate per kilo body weight. 
Five of these animals were used as diabetic 
controls and were given an ordinary purified 
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diet."2 The remainder of the diabetic rats 
received the same diet except that the ribo- 
flavin supplement was omitted. Twelve non- 
diabetic rats on the same riboflavin deficient 
diet were usedbas controls. 

-411 rats were kept in individual cages and 
food and water given ad Zibitum. Daily rec- 
ords of weight, food, and water intake were 
kept and 3-day urine samples were collected 
through the whole experimental period and 
analyzed for glucose, using the method of 
Somogyi.3:3 

.4fter the animals had become deficient, as 
indicated by their weight, they were injected 
with therapeutic doses of riboflavin. The 
growth response, change in food and water 
intake and urinary sugar, and excretion of 
riboflavin in the urine were studied. Urinary 
riboflavin was determined by a slight modi- 
fication of the fluorometric method of Fer- 
rebee24 using the permanganate, sodium 
hydrosulfite procedure. 

When the animals again began to lose 
weight after the therapeutic test, they were all 
injected with another dose of riboflavin. 
Three tests were thus obtained with each 
animal. The first dose of 160 mcg of ribo- 
flavin per 100 g body weight was given on the 
70th day of the experiment. The second dose 
of 80 mcg per 100 g body weight was given 
3 weeks later and the final dose of 40 mcg 
was given 16 days after the second. The 
urinary riboflavin during the 6 days prior to 
riboflavin injections ranged from 2.2 to 3.2 
mcg per day per rat in both the diabetic and 
the non-diabetic rats. 

Results. Table I indicates the data ob- 
tained during the depletion period. As may 
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be seen, the diabetic and nondiabetic animals 
developed the deficiency in the same period 
of time as indicated by the 3 criteria used, 
h., loss of weight in 10 weeks, and the time 
required to show a loss in weight and reduc- 
tion of food intake to 50% of the original 
intake. 

The therapeutic responses were difficult to 
compare because of the fact that the diabetic 
rats, whether deficient or not, showed a re- 
duced rate of gain in comparison to the non- 
diabetic animals. In order to obviate this 
difficulty to the best of our ability, we have 
compared the diabetic and non-diabetic rats 
not to each other but to themselves prior to 
the development of the deficiency, or as the 
percent response caused by the dose of ribo- 
flavin. In Table I1 the “gain coefficient” is 
the ratio of the daily gain during the first 5 
days after the injection of riboflavin to the 
daily gain of the animal during the first 21 
days of the study before riboflavin became a 
limiting factor. As may be seen, the diabetic 
animals showed only slightly larger relative 
gains in 2 of the test periods, but in no in- 
stance were they significantly different from 
the nondiabetic animals. The percentage 
increase in weight was not significantly dif- 
ferent a t  the 160 and 40 mcg levels of ribo- 
flavin, but at 80 mcg the nondiabetic rats 
gave significantly greater gains. 

Because of the immediate large increase in 
food and water intake following the adminis- 
tration of riboflavin to the diabetic animals, 
it appeared desirable to study the response 
during the first day and the subsequent 4 
days as shown in Table 11. The increase in 
food and water intake was greater in the 
diabetic group than in the non-diabetic group 
in several periods although in one period the 
control group showed a significantly greater 
food intake and somewhat larger water in- 
take. It is doubtful if this is of real signifi- 
cance since as the deficiency develops and 
appetite fails, the urinary sugar of diabetic 
animals falls to low and nearly normal levels. 
When riboflavin is given the animals revert 
to their prior state in which sugar and water 
output are much above normal levels. 

The increase in riboflavin excretion in the 
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urine above the level prior to riboilavin in- 
jection was in no instance significantly dif- 
ferent in the diabetic and non-diabetic groups. 
It seems apparent that the large urinary vol- 
ume in the diabetic animals do not '*wash out" 
riboflavin to a significant degree, if a t  all. 
,ittempts to find a significant correlation be- 
tween the amount of riboflavin retained and 
food intake. water intake, gain after dosage 
with riboflavin, or loss of body weight during 
the depletion period were unsuccessful. 

-411 diabetic animals including those which 
received riboflavin developed cataracts after 
55 to 65 days while none of the non-diabetic 
riboflavin-deficient animals developed cata- 
racts during the 110 days of the study. 

Conclusion. Studies upon the rate of de- 
velopment of riboflavin deficiency and the re- 
sponse to therapeutic doses of riboflavin, after 
the development of the deficiency syndrome, 
failed to show any significant difference in the 
riboflavin requirement of the alloxan diabetic 
and the non-diabetic rat. Similarly, ribo- 
flavin deficiency was apparently without ef- 
fect upon the development of cataracts in the 
diabetic animals. 
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Intratesticular Versus Subcutaneous Transplantation of Brown-Pearce 
Tuinor in New Zealand Whites. 
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Published data1 on the susceptibility of 
various rabbit breeds to the Brown-I'earce 
tumor failed to include the breed most readily 
procurable on the open market. namely, the 
Xew Zealand White. During the past sev- 
eral years 108 S e w  Zealand white male rab- 
bits have been used as controls or stock ani- 
mals in experiments with the Brown-Pearce 
tumor, 42 being inoculated intratesticularly 
and 66 subcutaneously. 

Materials and mcthods. The 66 animals 
inoculated subcutaneously belonged to 16 dif- 
ferent groups distributed throughout the year 
as follows: January 24 (1).  March 6 (2)?  
March 2 0  (3),  May 22 ( j ) ,  June 23 (8), 
June 24 (8), July 24 ( 9 ) .  ,August 11 (4) ,  
September 6 ( lo ) ,  October 9 (8), October 
31 (3),  November 15 (2),  December 13 (1), 
and December 30 ( 2 ) .  
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The 42 animals inoculated intratesticularly 
belonged to 16 groups distributed as follows: 
January 24 ( l ) ,  February 28 (6)) June 9 ( 1 ) )  
June 23 (1): July 17 ( l ) ,  August 3 (4), 
August 30 ( 2 ) ,  September 16 ( l ) ,  September 
24 (3 ) ,  October 16 ( 2 ) ,  November 9 (3) ,  
Sovember 20 ( l ) ,  November 2 2  (3). 

The 7 animalls comprising the two groups 
inoculated subcutaneously August 11 and 
October 31 were 3 months of age, others in- 
oculated subcutaneously and all of those in- 
oculated intratesticularly were animals of 
4-12 months of age. Animals inoculated sub- 
cutaneously and those inoculated intratesticu- 
larly were obtained in almost equal propor- 
tions from the same breeders or dealers in 
Alabama, Louisiana, Illinois, Virginia and 
Pennsylvania. 

As in the earlier studies; a metastatic 
focus was defined as the presence of one or 
more tumor nodules a t  necropsy in any of the 
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