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Effect of Alloxan on Lactation and Replacement Therapy with 
Insulin in the Rat.* (30395) 

PERIANNA KUMARESAN AND C. W. TURNER 
(With technical assistance of Mary E. Powell and C. L. Wallace) 

Department of Dairy Husbandry, University of Missouri, Columbia, M o .  

The influence of graded levels of insulin 
upon the secretion of milk by the rat from 
day 14 to 20 of lactation has been reported 
(1). It was shown that daily injection of 3 
units of protamine zinc insulin into rats of 
the Sprague-Dawley-Rolfsmeyer strain in- 
creased milk yield 38% on day 14, 25% on 
day 16, 26% on day 18 and 79% on day 20. 
It was suggested that insulin plays a role in 
the lactation process and that the rate of 
secretion of insulin in this group of rats was 
less than optimal. 

It has been shown that injection of alloxan 
at a level of 15 mg/100 g body weight (bw) 
induces a chronic state of diabetes in our 
strain of rats(2). It was observed during the 
13th to 18th days after the injection that 
feed consumption increased over 50% above 
the previous level. 

The object of the present study was to de- 
termine the effect of an alloxan induced defi- 
ciency of insulin upon the milk secretion of 
rats and, if milk secretion was reduced, to 
determine the level of insulin which would 
restore lactation to normal or above. 

Materials and methods. Fifty lactating rats 
of the Sprague-Dawley- Rolf smeyer strain 

* Contribution from Missouri Agr. Exp. Sta. Journ- 
al Series No. 2932. Approved by Director. This 
investigation was supported in part by a grant from 
USBHS. 

were housed in individual cages, fed Purina 
lab chow and water ad libitum. On day 4 of 
lactation the litters were reduced to 6, and a 
single intraperitoneal injection of alloxan (re- 
agent) a t  a level of 15 mg/100 g'bw was ad- 
ministered to induce a chronic state of dia- 
betes ( 3 ) .  Twenty rats treated with alloxan 
were used as alloxan-treated controls. One- 
half of the controls were put into metabolism 
cages to measure feed consumption. Prota- 
mine zinc insulin suspension (USP) (Lillyt ) 
was diluted in alkaline saline solution. From 
day 5 to 19 of lactation the dams were in- 
jected subcutaneously, once daily, approxi- 
mately at the same time as follmows: (1) 20 
controls were injected with alkaline saline, 
(2) 20 rats were injected with 2 units of 
insulin; 5 rats of this group were put into 
metabolism cages to measure feed consump- 
tion, and (3) 10 rats were treated with 3 
units of insulin. Milk yields were estimated 
as previously described( 1). On day 20 the 
dams were killed after nursing, the 6 poster- 
ior mammary glands were removed and 
DNA was determined as described previously 
(4). The amount of DNA/100 g bw was 
used as an index of the extent of mammary 
gland growth. 

t Kindly supplied by Eli Lilly Co.,  Indianapolis, 
Ind. 
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ResuEts. When chronic alloxan diabetes 
was induced in rats on day 4 of lactation, 
milk yield on day 14 of lactation was re- 
duced 16%, on day 16, 876, and on day 18, 
970. On day 20 of lactation milk yield of the 
group on alloxan exceeded the normal con- 
trols by 5%. The mean litter weight of the 
normal control group was 211 g compared to 
a litter weight of the alloxan treated dams of 
180 g (Table I). 

When replacement therapy with 2 units of 
insulin/day was administered to chronic al- 
loxan diabetic lactating rats, milk yield was 
increased 45% on day 14, 21% on day 16, 
22% on day 18, and 61% on day 20 com- 
pared to similar rats treated with alloxan 
alone. Of the group of 20 rats, five died with 
hypoglycemia symptoms. The mean litter 
weight of this group was 196 g on day 20. 

The mean mammary gland DNA of the 
alloxan-treated group on day 20 was 10.36 
t 0.56 mg/lOO g bw whereas the glands of 
the rats receiving 2 units of insulin showed a 
mean DNA of 9.57 t 0.46 mg/lOO g bw, a 
non-significant difference. 

The 10 alloxan-treated rats given 3 units 
of insulin for replacement therapy all died 
of hypoglycemia symptoms within a day or 
two on treatment. 

The feed consumption of normal lactating 
rats has been presented(5). I t  has been 
shown also that the feed consumption of 
alloxan-treated non-lactating rats was first 
reduced, then increased markedly (2 ) . In the 
present experiment, the alloxan-treated lac- 
tating rats showed greater feed consumption 
up to the 15th day of lactation in comparison 
with the control group but consumed the 
same amount per 100 g bw during the final 
period (Table 11). The group receiving 2 
units of insulin was intermediate in feed con- 
sumption during the first 15 days between 
controls and alloxan-treated animals but was 
similar during the final period. 

Discussion. The role of insulin in milk 
secretion was studied in the present experi- 
ment by observing the effect of chronic in- 
duction of diabetes by administration of 15 
mg of alloxanJl00 g bw to rats on day 4 of 
lactation. While i t  is not known to what 
extent the beta cells of the pancreas were 
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TABLE 11. Effect of Lactation on Feed Consumption. 

Feed consumption 
7- 

Kind of Lactation No. of Per day Per 10101 g Increase 
treatment (days) animals ( g )  bw ( g )  (%) Reference 

Normal feed 1- 6 
consumption 7-15 

15-20 
Alloxan treated 1- 6 

7-1 5 
15-2 0 

Alloxan+ 2 units 1- 6 
of insulin 7-15 

15-20 

34 
34 
34  
1'0 
10  
10 

5 
5 
5 

17.3 
29.7 
35.1 
24.8 
36.0 
40.2 
21.1 
32.7 
36.2 

6.4 Anderson & Turner, 1963 
10.7 72 I ( . p &  
13.0 103 

8.4 
12.0 445 
13.0 62 

11.9 61 
12.9 75 

7.4 

destroyed and insulin secretion inhibited, i t  
has been shown that chronic diabetes is in- 
duced and feed consumption is increased ( 2 ). 

Lactation was most markedly influenced 
on day 14 by alloxan treatment but by day 
20 of lactation had returned to a normal level. 
These data seem to indicate that the presence 
of low levels of insulin associated with high 
levels of blood glucose and an increased feed 
intake do not have a markedly depressing 
effect on the lactation process. 

That insulin does have a positive role in 
the .lactation prwess was again shown by 
replacement therapy. When 2 units of in- 
sulin/day were administered to the alloxan- 
treated rats, milk yield was increased on day 
14 by 4576, on day 16 by 21%, on day 18 
by 22% and on day 2 0  by 61% compared 
to the untreated rats. It is interesting to 
note that their milk yield slightly exceeded 
the milk yield of normal rats administered 
2 units of insulin (Table I ) .  

In  normal lactating rats, injection of 3 
units of insulin caused the death of 3 of 20 
animals due to hypoglycemic symptoms ( 1 ) . 
In  the present experiment this level of in- 
sulin caused the death of all 10 animals so 
treated. This observation was surprising at  
the time but in the light of our observations 
it may have been due to the immediate in- 
jection of insulin after the alloxan treatment. 
For a day or two after treatment, feed con- 
sumption was greatly reduced but then in- 
creased rapidly so that during the first 6 

days feed consumption was greater than in 
control lactating rats (Table 11). It is sug- 
gested that if insulin replacement therapy 
had been delayed for a few days or had been 
given in increasing amounts, administration 
of 3 units of insulin would not have resulted 
fatally. 

Summary. Chronic diabetes was induced 
in rats on day 4 of lactation by intraperi- 
toneal injection of 1 5  mg/lOO g body weight 
of alloxan. The reduction in insulin secre- 
tion caused a reduction of milk secretion of 
16% on day 14, of 8% on day 16, and 9% 
on day 18. On day '20 milk secretion was 
5% above the control group. When 2 units 
of insulin were administered daily, milk secre- 
tion increased 45% on day 14, 21% on day 
16, 22% on day 18, and 61% on day 20 
in comparison with the group treated with 
alloxan. Their milk production slightly ex- 
ceeded the production of normal animals in- 
jected with 2 units of insulin. The DNA con- 
tent of the mammary glands of the 2 groups 
was not significantly different. 
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