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Prolactin is an important component of 
the hormonal milieu concerned with initia- 
tion and maintenance of lactation (1, 2). 
Although the mechanisms are not well un- 
derstood, in vivo studies involving removal 
of various endocrine glands and/or exoge- 
nous hormone administration have indi- 
cated that hormonal control of lactation 
may differ among species. For the cow, pro- 
lactin initiates milk synthesis by in vitro cul- 
tures of mammary tissue from pregnant ani- 
mals (3). However, there is a paucity of 
information as to the in vivo role of prolac- 
tin in mammary function for the dairy cow. 
This is due in part to the large amounts of 
exogenous prolactin which would be re- 
quired to increase blood concentrations in 
the cow. Several compounds, such as pros- 
taglandin FZa and thyrotropin releasing hor- 
mone (TRH), cause transient increases in 
prolactin concentrations in the blood of 
dairy cattle (4, 5), and TRH administered 
twice daily will stimulate milk yield in cows 
(6). However, TRH also releases growth 
hormone and thyrotropin, hormones which 
are lactogenic in cattle (1); thus, a specific 
effect of TRH stimulating lactation via pro- 
lactin could not be tested. 

Reserpine, an ester alkaloid isolated from 
certain species of Rauwolfia, causes deple- 
tion of 5-hydroxytryptamine and catechol- 
amines from the central nervous system (7) 
and prolactin release from the pituitary of 
rats (8) and rabbits (9). This increase is 
presumably the reason that reserpine is 
mammogenic and lactogenic in estrogen- 
primed rats and rabbits (10, 11). Reserpine 
also depletes hypothalamic corticotrophic- 
releasing factor (1 2) and pituitary adreno- 
corticotropin (1 3) which increases glucocor- 
ticoid release from the adrenals of rats (14). 

The major objective of our research was to 
examine whether reserpine increases serum 
prolactin concentrations in dairy cows. In 
addition, reserpine effects on serum growth 
hormone and glucocorticoids also were ex- 
amined. 

Materials and methods. Nonlactating, 
nonpregnant Holstein cows were fitted with 
a jugular cannula 24 hr prior to the start of 
each experiment. Reserpine2 and saline 
were administered by im injection into the 
hip. Blood was collected via cannula at 30, 
20, and 10 min preinjection and at 0.25, 
0 .5 ,1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,10 ,12 ,24 ,36 ,and  
48 hr postinjection. Sera from each experi- 
ment were stored at -20" until assayed for 
prolactin (15), growth hormone (16), and 
total glucocorticoids (17). 

In the initial experiment, cows were given 
5 mg of reserpine (2 ml of Sandril; n = 10) 
or saline (2 ml; yt = 5). Sera were assayed 
for prolactin, growth hormone, and gluco- 
corticoids and data were analyzed by split 
plot analysis. Four cows were used in a sec- 
ond study. Reserpine (5 mg) was injected at 
time zero followed by a second 5-mg injec- 
tion 48 hr later. 1n.a third study, three cows 
were used in a mixed-model factorial design 
to compare 1 mg and 5 mg doses of reser- 
pine. 

Results and discussion. The im injection 
of saline had no effect on serum prolactin, 
but 5 mg of reserpine resulted in a dramatic 
increase (Fig. 1). Response to the im injec- 
tion of reserpine was evident within 30 min, 
with serum prolactin concentrations being 
greater than 100 ng/ml between 0.5 and 12 
hr postinjection. Peak prolactin concentra- 
tion (283 -+ 37 ng/ml serum; mean k SE) 
occurred at 3 hr postinjection. Peak re- 
sponse for the 10 cows receiving reserpine 
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ranged from 190 to 511 ng/ml. Prolactin 
response to the im injection in cows oc- 
curred much more rapidly than reported for 
rats given an ip injection of reserpine (8). 

In contrast to previous reports in the rat 
(12, 14), im injection of 5 mg of reserpine 
did not alter the serum concentration of 
either growth hormone or glucocorticoids in 
dairy cows (Fig. 2). The slightly increased 
concentration of serum glucocorticoids in 
reserpine-treated animals at 24 to 48 hr 
after injection was due to unexplained high 
concentrations noted in one animal. More- 
over, growth hormone and glucocorticoid 
concentrations in both reserpine- and saline- 
treated animals were similar to previously 
reported values for dairy cows (4, 5 ?  17). 

A second study was conducted to deter- 
mine whether the sustained release of pro- 

lactin caused by the reserpine injection 
would alter the response of the hypotha- 
lamic-pituitary axis to a second injection. 
No alteration was evident in prolactin re- 
sponse curves in the four cows given sequen- 
tial doses of 5 mg of reserpine (Fig. 3). The 
area under the curve for the second injec- 
tion was 100.7 k 1.9% (mean k SE) of the 
first injection. Similar responses of prolactin 
to repeated injections of prostaglandin FZa 
in cattle have been reported ( 5 ) .  Thus, it 
may be possible to sustain elevated prolactin 
concentrations in sera over several days. 

A 5-mg injection gave a substantially 
greater response in serum prolactin than 
that obtained with the same animals given 1 
mg of reserpine (Fig. 4). Cows given the 5- 
mg dose reached a peak prolactin concen- 
tration of 276 ng/ml at 2 hr postinjection 

3mc I 

TIME IN HWRS 

FIG. 1. Serum prolactin concentrations following 
injection of 5 mg of reserpine (n = 10) or saline (n = 
5) in nonlactating, nonpregnant cows. Arrow indicates 
time of im injection (2-ml vol). The average standard 
error for the postinjection samples was 23 and 3 ng/ml 
for the reserpine and saline groups, respectively. 
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FIG. 2.  Serum concentrations of growth hormone 
and glucocorticoids following injection of 5 mg of re- 
serpine or saline in nonlactating, nonpregnant cows. 
Arrow indicates time of im injection, and animals are 
those in Fig. 1. There were no detectable differences 
between saline and reserpine treatments for either hor- 
mone (P > 0.10). 
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FIG. 3.  Serum prolactin concentrations following 
sequential injections of 5 mg of reserpine in nonlactat- 
ing, nonpregnant cows. Arrow indicates time of im 
injection for the four cows. There were no detectable 
differences between the first and second injections in 
peak prolactin concentration or area under the curve 
for prolactin response (P > 0.10). 
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FIG. 4. Serum prolactin concentrations following 
injection of 1 and 5 mg of reserpine in nonlactating, 
nonpregnant cows. Arrow indicates time of im injec- 
tion for the three cows. Peak prolactin concentration 
and area under the prolactin response curve differed 
between the 1 and 5 mg doses (P < 0.01). 



PROLACTIN RELEASE 

versus a peak level of 140 ng/ml at 5 hr 
postinjection for cows given the 1-mg reser- 
pine injection. Using preinjection levels of 
prolactin as a baseline, the area under the 
prolactin response curve for the 1-mg injec- 
tion was only 39.5% of the area obtained 
with the 5-mg dose. This limited comparison 
indicated that reserpine causes a dose-de- 
pendent increase in serum prolactin. A 
larger dose of reserpine was not examined 
because the 5-mg injection gave the moder- 
ate tranquilizing symptoms characteristic of 
this compound. 

Marked species differences exist in the 
amount of reserpine required to obtain a 
prolactin response. The 5-mg injection, 
which increases serum prolactin more than 
10-fold in cows (Figs. 1 ,  3 ,  and 4), amounts 
to 7 to 8 pg of reserpine/kg body weight. In 
rats, an ip injection of 10 mg of reserpine/kg 
body weight increases serum prolactin levels 
from 51 (pretreatment) to 281 ng/ml (4 hr 
postinjection) (8). This species difference in 
responsiveness also is apparent in lactogenic 
response. In estrogen-primed rats and rab- 
bits, the injection of 0.5 to 1.0 mg of reser- 
pine/kg body weight induces lactation as 
judged by the histological appearance of the 
mammary tissue (10, 11, 18). Recently we 
demonstrated that four injections of 5 mg of 
reserpine (7 to 8 pg of reserpine/kg body 
weight) markedly improves lactational per- 
formance of nonpregnant cows induced into 
lactation with an estrogen -progesterone 
treatment (1 9). 

The present study extends to cattle, the 
observation that reserpine causes an eleva- 
tion of serum prolactin for at least 24 hr 
(Figs. 1 ,  3 ,  and 4). This prolactin response 
in dairy cows to a single injection of reser- 
pine lasted much longer than the response 
obtained with an im injection of either pros- 
taglandin FZa ( 5 )  or thyrotropin-releasing 
hormone (4). Furthermore, reserpine did 
not alter serum levels of growth hormone or 
glucocorticoids (Fig. 2). Thus, the lacto- 
genic hormone responses to reserpine may 
be more specific in cattle than the responses 
obtained with exogenous TRH or prosta- 
glandin Fza which have been shown to 
release growth hormone and glucocorticoids 
(4, 5 ) .  In addition, the peak serum prolactin 
concentration obtained with a 5-mg reser- 
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pine injection was similar to the peak occur- 
ring in dairy cows immediately prior to par- 
turition (1). 

Our results indicate that reserpine can 
potentially be used for in vivo studies de- 
signed to delineate the role of prolactin in 
dairy cows. However, reserpine is a tran- 
quilizer drug and possible effects of reser- 
pine on feed intake and animal behavior 
need to be considered in the design of such 
studies. 

Summary. Nonlactating , nonpregnant 
Holstein cows were used to examine the 
effects of an im injection of reserpine. A 5- 
mg reserpine injection resulted in a rapid 
(within 0.5 hr) and sustained (at least 24 hr) 
elevation of serum prolactin. Peak prolactin 
levels (283 ng/ml) occurred 3 hr postinjec- 
tion. Serum glucocorticoid and growth hor- 
mone concentrations were unaffected by re- 
serpine injection. Two sequential injections 
of 5 mg of reserpine given at 48-hr intervals 
gave nearly identical prolactin responses. 
The prolactin response to reserpine was 
dose dependent with 1 mg giving approxi- 
mately 39.5% of the response obtained with 
5 mg of reserpine. 

The authors appreciate the assistance of C. J .  Wil- 
cox, Dairy Science Department, University of Florida, 
with analysis of the mixed-model factorial design. 

1.  

2 .  
3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

11. 

Tucker, H .  A . ,  in “Lactation: A Comprehensive 
Treatise” (B. L. Larson and V.  R .  Smith, eds.), 
Vol. I ,  p. 277. Academic Press, New York (1974). 
Denamur, R.,  J .  Dairy Res. 38, 237 (1971). 
Collier, R .  J . ,  Bauman, D. E. ,  and Hays, R .  L. ,  
Endocrinology 100, 1192 (1977). 
Vines, D .  T. ,  Tucker, H.  A . ,  and Convey, E.  M.,  
J .  Anim. Sci. 42, 681 (1976). 
Louis, T .  M.,  Stellflug, J .  N . ,  Tucker, H.  A . ,  and 
Hafs, H .  D., Proc. SOC. Exp. Biol. Med. 147, 128 
(1 974). 
Convey, E .  M . ,  Thomas, J .  W., Tucker, H .  A . ,  
and Gill, J .  L . ,  J .  Dairy Sci. 56, 484 (1973). 
Meyers, F. H . ,  Jawetz, E . ,  and Goldfin, A . ,  “Re- 
view of Medical Pharmacology,” p .  113. Lange 
Medical, Los Altos, California (1968). 
Lu, K. H . ,  Amenomori, Y. ,  Chen, C.,  and Meites, 
J . ,  Endocrinology 87, 667 (1970). 
Kanematsu, S . ,  and Sawyer, C. H . ,  Proc. SOC. 
Exp. Biol. Med. 113, 967 (1963). 
Meites, J . ,  Nicoll, C. S.,  and Talwalker, P. K . ,  
Proc. SOC. Exp. Biol. Med. 101, 563 (1959). 
Meites, J . ,  Proc. SOC. Exp. Biol. Med. 96, 728 
(1 957). 



192 PROLACTIN RELEASE AFTER RESERPINE 

12. Bhatlacharya, A. M., and Marks, B. H., J .  Phar- 
macol. Exp. Ther. 165, 108 (1969). 

13. Saffran, M., and Vogt, M., Brit. J .  Pharmacol. 15, 
165 (1960). 

14. Maickel, R. F., Westermann, E. O., and‘Brodie, 
B. B., J. Pharmacol. Exp. Ther. 134, 167 (1961). 

15. Tucker, H. A., J. Anim. Sci. 32 (Suppl. l ) ,  137 
(1971). 

16. Purchas, R. W., Macmillan, K.  L., and Hafs, H. 
D., J. Anim. Sci. 31, 358 (1970). 

17. Smith, V. G., Convey, E. M., and Edgerton, L. 

A., J. Dairy Sci. 55, 1170 (1972). 
18. Gross, F., Labhart, A., Mann, T., Samuels, L. T., 

and Zander, J., “Hypothalamic Control of Lacta- 
tion,” Monographs on Endocrinology, Vol. 3, p. 
1 13. Springer-Verlag, New York (1970). 

19. Collier, R. J., Bauman, D. E., and Hays, R. L., J. 
Dairy Sci. 60, in press (1977). 

Received January 19, 1977. P.S.E.B.M. 1977, Vol. 
155. 


