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Effect of Graded Levels of Insulin on Lactation in the Rat." (30198) 
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In a series of studies from this laboratory, 
the effect of a number of hormones on milk 
secretion and removal has been determined. 
It was shown first that exogenous oxytocin 
administered at  the time of nursing increased 
milk removal ( 1 ) . In subsequent studies, oxy- 
tocin was injected to insure complete milk 
removal, then growth hormone (GH) ( 1), 
thyroxine ( T4) (2),  lactogenic hormone( 3) ,  
and parathyroid hormone (4) were adminis- 
tered separately and together (5).  

The present report is a continuation of 
this study concerning the effect of graded 
levels of insulin upon the secretion of milk 
by the rat from day 14 to 20. 

Materials and methods. Lactating rats of 
the Sprague-Dawley-Rolfsmeyer strain were 
housed in individual cages, fed Purina lab 
chow and water ad libitum. The animal room 
was maintained at  a temperature of 78 t 
1°F. On day 4 postpartum, litters were re- 
duced to 6 young. Protamine zinc insulin 
suspension (U.S.P.) (Lillyt) was diluted in 
distilled water. From day 7 to 19 postpar- 
tum, the dams were injected subcutaneously, 
once daily, approximately a t  the same time 
as follows: 1) 24 controls were injected with 
distilled water, 2) 16 rats were injected with 
1 unit of insulin, 3)  17 rats were injected 
with 2 units of insulin, 4) 20 rats were in- 
jected with 3 units of insulin, 5 )  10 rats 
were injected with 4 units of insulin, and 6) 
5 rats were injected with 5 units of insulin. 
On days 14, 16, 18, and 201 postpartum, milk 
yields were estimated from the increases of 
litter weights during a 30-minute nursing pe- 
riod following 10 hours of isolation from the 
mother. One USP unit of oxytocint was in- 

* Contribution from Mo. Agri. Exp. Sta. Journal 
Series No. 2884, approved by the Director. This in- 
vestigation was supported in part by a grant from 
USPHS. 

t Kindly supplied by Eli Lilly and Co., Indian- 
apolis, Ind. 

# Oxytocin supplied by Armour Lab., Chicago, 111. 

jected subcutaneously into the dams (both 
experimental and control groups) immediate- 
ly before nursing and a second unit after 15 
minutes of nursing to aid in complete milk 
removal. On day, 20 of lactation the dams 
were killed after nursing, 6 posterior mam- 
mary glands were removed and DNA was 
determined as previously described (6 ) .  The 
amount of DNA/100 g bw was used as index 
of extent of mammary gland development. 

Results. Lactating rats injected with 1 
unit of insulin failed to respond to the hor- 
mone (Table I). Two units stimulated a 
significant increase in milk yield on days 14 
and 20. The administration of 3 units stimu- 
lated a highly significant increase in milk 
yield in comparison with the controls from 
days 14 to 20. However, 3 rats of a group 
of 20 died of hypoglycemic symptoms. The 
injection of 4 units produced hypoglycemia 
and death in 8 out of 10 rats, and 5 units 
resulted in death of all rats so injected. 

At the 3 unit level, insulin increased milk 
yield 38% on day 14, 25% on day 16, 26% 
on day 18, and 79% on day 20 in compari- 
son with control group. 

The mean litter weights of the control and 
3 unit groups on day 14 were the same. On 
day 16, the insulin group had increased 5 % ,  
on day 18, 9%, and on day 20, 7% in com- 
parison with the control group. 

The mean DNA of the control group on 
day 20 was 9.52 t 0.41 mg/lOO g bw'where- 
as the 3 unit insulin injected group had a 
mean DNA of 10.41 t 0.41 mg/100 g bw, 
a non-significant increase over the control 
group. 

Discussion. In the present study it was 
shown that 3 units of protamine zinc in- 
sulin administered subcutaneously daily to 
Sprague-Dawley-Rolfsmeyer lactating rats 
stimulated a highly significant increase in 
milk yield on days 14 to 20 of lactation. This 
level appears to be optimal for lactating rats 
although 3 of 20 rats died. Higher levels 
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were not tolerated and lower levels of insulin 
were only slightly effective. 

I t  has been suggested that hormones which 
stimulate an increase in milk yield in the rat 
indicate that the hormone plays a role in the 
normal lactation process. When the intensity 
of milk secretion is increased in a group of 
animals, i t  suggests that the rate of secretion 
of the hormone in some of the animals of the 
group was less than optimal. 

I t  has now been demonstrated that GH, 
T4, lactogenic and parathyroid hormones 
separately and together stimulate increased 
lactation. To this list insulin may now be 
added. 

While insulin may stimulate increased feed 
intake, the major effect of insulin on milk 
secretion may be its effect upon cell permea- 
bility and increased availability of glucose by 
the mammary epithelial cells concerned in 
the synthesis of lactose. However, the syn- 
thesis of milk protein and fat may be acceler- 
ated also. 

Summary. The daily subcutaneous injec- 
tion of 3 units of protamine zinc insulin into 
Sprague-Dawley-Rolfsmeyer lactating rats 
from day 7 to 19 stimulated highly signifi- 
cant increases in milk yield in comparison 
with the control group. On day 14 milk yield 
was increased 38%, on day 16, 25%, on day 
18, 26%, and on day 20, 79%. The increase 
in mean litter weight in comparison with the 
controls was not significant. The mammary 
glands as measured by DNA were not signifi- 
cantly increased on day 20 by insulin. 
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