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Induction of Mammary Growth and Lactation in Rabbits with Epinephrine, 
Acetylcholine and Serotonin.* (25776) 

JOSEPH MEITES, 1’. li. TAI,\V.\J,KER ANII C‘. S. XICOLL~ 

Recently we reported that numerous drugs. 
neurohormones, nonspecific stresses and other 
factors could induce mammary growth and 
lactation in estrogen-primed rats. and that 
some of these could maintain mammary pecre- 
tion in postpartum rats after litter removal 
(1-7) .  These agents are believed to evoke 
release of prolactin and probablj- ACTH from 
the anterior pituitary viu autonomic and cen- 
t r a1 nervous system. E 11 in e p h r i 11 e , ace t y 1 - 
choline and serotonin were anion? the most 
effective agents used and are of particular in- 
terest since they are natural substances in the 
body, and may normally mediate some effecti 
of ovarian hormones or of other physioloqical 
stimuli in producing mammary growth antl 
lactation. I t  was of interest therefol-e to see 
whether these 3 agents coulcl induce milk se- 
cretion and mamniarj- growth i n  the rabbit, 
since in pseudopregnan t rabbits such re- 
sponses are readily elicited by prolactin in- 
jections (8) .  

Methods. A total of 38 female, predomi- 
nantly New Zealand White rabbits. ranging 
from 3.1-4.4 kilos, were used. All rabbits 
were first injected subcutaneously with 0.2 m: 
estradiol in corn oil daily for 15 days. For 
the next 5 days they were each injected sub- 
cutaneously as follows: controls ( 11 rabbits). 
0.85% saline once daily; epinephrine in oil: 
(8 rabbits), 0.25 nig kg BIT twice daily: 
acetylcholine iodide\\ (8  rabbits). 12.3 in(< 1;~’ 
B\Y twice daily; serotonin creatinine sulfate 
(11 rabbits), 5 mg serotonin base kg HI\.’ 
once daily. On day after last injection (21st 
day of experiment), attempts were made to 
express milk manually from nipples of each 
rabbit, and results recorded. Rabbits were 
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then killed antl mammary glands exposed for 
gross observation. Ratings o1f 0-5 were as- 
siqned each rabbit for mammary growth and 
lactation. depeiiding on degree of mammary 
development and amount of milk present. 
l l a m m a r y  tissue was also removed and pre- 
pared by standard histological technics for 
microscopic examination. 

Rrsult:: .  11ilk could be expresed from nip- 
ples of onlj- 1 of 11 saline-injected controls, 
and this aniinal also showed slight lobulo-al- 
\-colar development. An insignificant volume 
of thin watery secretion could be expressed 
f r o m  nipples of 3 of the other 10 controls, and 
0111~- extended ducts and end hucJs could be 
seen in the mammary glands. Milk was ex- 
I)re-+ed from nipples of 6 out of 8 epinephrine- 
treated rahbits, and they were assigned an av- 
ern!ie 1act:ition ratinp c.f 2 .  Good lobulo-alveo- 
1:ir inimiiiiary development was present in 
these rabbits (avg rating I= 2.7). Microscopi- 
cally, the alveoli were distended with secre- 
tion. Acetylcholine-in jected rabbits showed a 
lesser response. with gross lactation in 5 out of 
S (avg  rating = 1.5 ) and only fair lobulo-al- 
\.e,)lar growth (av.  rating = 2 ) .  The  best 
reqionse; were seen in serotonin-injected rab- 
bits, 9 out of 11 showing gross lactation (avg. 
rating 1 2.8) and good to excellent lobulo- 
alveolar growth (avg. rating = 3.1). In  gen- 
eral. microscopic examination of stained sec- 
tions of mammary tissue from these rabbits 
contirmetl gro-s cbsorvations. Mammary re- 
spmses to different treatments are shown in 
Fig. 1-4. 

Intense salivation was usually observed in 
acetylcholine-injected rabbits a few minutes 
after injection of drug. In  preliminary trials 
with higher doses of acetylcholine, convulsions 
were frequently seen and often were followed 
by comatose state or death. No obvious symp- 
toms were noted following epinephrine or sero- 
t (In in adm i n is t r a t ion I 

D ~ S G U S S ~ O ~ .  The present results in rabbits 
demonstrate that epinephrine: acetylcholine 
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and serotonin can prodlilce lactation and mam- 
mary growth in estrogen-primed rabbits, as 
previously reported in estrogen-primed rats. 
Gross lactation was observed in ducts and 
lobules of these rabbits and milk could readily 
be expressed from the nipples, whereas only 
histological evidence 01 mammary secretion 
was seen in rats. Although amounts of milk 
noted in mammary glands of these rabbits 
were not equal to that usually seen after par- 
turition, it is probable that better initial de- 
velopment of mammary glands, and perhaps 
longer treatment with drugs, would have pro- 
duced greater milk production. The 3 agents 
produced mammary lobulo-alveolar growth as 
well as 'lactation, since only ducts and end 
buds were present in the saline-injected con- 
trols. 

The nicchariisms by which the 3 drugs in- 
duced prolactin release from the anterior pitui- 
tary remain to be determined. That anterior 
pituitary is essential is shown by negative 
mammary responses to these 3 drugs when in- 

jected into rats hypophysectomized after es- 
trogen-priming (unpublished observations) . 
They may act directly on the anterior pitui- 
tary, on hypothalamus or on other parts of 
CNS. Rat hypothalamic tissue has recently 
been shown to induce mammary secretion in 
intact, estrogen-primed rats ( 5 ) ,  which sug- 
gests but does not necessarily prove that the 
hypothalamus contains a prolactin-releasing 
factor. On the other hand, there is consider- 
able evidence that the hypothalamus normally 
inhibits prolactin reIease(9), and the 3 agents 
may therefore depress the hypothalamic cen- 
ter or centers concerned with prolactin release. 
I'articipation of the autonomic nervous system 
in release of prolactin is suggested by reports 
that bilateral cervical sympathectomy in the 
goat leads to marked and prolonged inhibi- 
tion of milk secretion ( l o ) ,  and interruption 
of sympathetic pathways prevents induction 
of pseudopregnancy in rats by electrical stimu- 
lation of the uterine cervix( 11). 

Summary. 1. Thirty-eight mature fe- 
male, predominantly New Zealand White rab- 
bits, were injected subcutaneously daily with 
0.2 mg estradiol for 15 days to develop the 
mammary duct system. They were then di- 
vided into1 4 groups and injected subcutane- 
ously as follows for 5 days: 0.85% saline; 
0.25 mg epinephrine in oil twice daily; 12.5 
mg acetylcholine iodide/kg BW twice daily ; 
5 mg serotonin base/kg BW once daily. On 
21st day the rabbits were killed and mammary 
glands examined for growth and lactation. 2. 
Only 1 of 11 saline-injected rabbits showed 
gross lactation and lobulo-alveolar develop- 
ment, in cointrast to 6 of 8 epinephrine-treated 
rabbits, 5 of 8 acetylcholine-injected rabbits 
and 9 of 11 rabbits treated with serotonin. 
The latter drug induced the greatest, and 
acetylcholine the least degree of mammary 
growth and lactation. 3. These results dem- 
onstrate that the 3 drugs in pharmacological 
doses can induce prolactin release from the 
anterior pituitary olf rabbits. 

1. Meites, J., PROC. Soc. EXP. B 1 0 ~  AND MEC., 1937, 

2 .  -----, %id., 1959, v100, 750. 
3 ,  Meites, J., Nicoll, C. S,, Talwalker, P. K., ibid., 

4. - , ibid., 1959, v102, 12'1. 

v96, 728. 

1959, v101, 563. 



194 STRONTIUM 90 IN HUMAN MILK 

5 .  Meites, J., Talwalker, P. K., Nicoll, C. S., ibid., 

6. Siccll, C. S., Talwalker, P .  K., Meites, J., .4m. 

7 .  Meites, J. ,  F e d .  PI'oc., 1950, i719, 156. 
8. Meites, J. ,  Chap. 16 in Reprodirrtioiz in Donies-  

tic Atziuials, H. H. Cole and P. T. Cupps, eds., 1959, 
.\cademic Press. S.  Y. 

1960, v103, 298. 

J Physiol. ,  1960, vl98, 1103. 

9. Nikitcvitch-Winer, M., Everett, J .  W., Endocr i -  

10. Tyerskoy, G. R., *\ll-Union Conf. on Physiol. 
and Bicchem. of Farm Animals, (U.S.S.R.) Abst. of 
Communications, 1959, pp281-284. 

11. Haterius, H. O., 11172. J .  Physiol. ,  1932, ~ 1 0 3 ,  
97. 
Received March 3 ,  1960. P.S.E.B.M., 1960, ~ 1 0 1 .  

r i ~ l ~ g y ,  1958, \'.62, 522. 

Secretion of Dietary Strontium 90 and Calciuni in Human Milk.""+ (25777) 

S. ALLAW LOUGIX, GERALD H. HAMADA A N D  C. L. C'OMAK 

Come11 l .nit ier\i ty,  I thara ,  S. 1'. 
H e a l t h  and  S a f e t y  Lab., 1 .  S .  . l foii i ic Ei iurgy  ~ ' 0 1 1 7 1 1 1 . ,  1'. C i t y ;  Lab. o f  R a d i a t i o n  Biology, 

The preferential utillzatioii of calcium over 
strontium by man and many species of ani- 
mals has been well studied; the concepts and 
magnitude of the differential behavior have 
been generally established ( 1 - 7 ) . For the cow 
and goat under usual management. it has been 
shown that Sri  Ca ratio in the milk is about 
0.1 of that in the diet, with values from vari- 
ous parts of the world falling well within the 
range 0.09 to 0.16(4,6,7). N o  direct evidence. 
to our knowledge, has been reported for stron- 
tium-calcium relationships between diet and 
human milk. I t  seemed desirable to obtain 
data on this point ( a )  to see if the same gen- 
eral relationships hold for man as for animals, 
since much information is being acquired un- 
der carefully controlled conditions in animals 
and any basis for judicious extrapolation to 
man might be helpful; ( b )  to permit estima- 

*Actual data  in this experiment refer essen- 
tially to (Sr"/Ca of extracellular fluids) /( Srgo/Ca 
of diet) during period of observation. The same 
ORbodT,diet, hcwever, would be expected to hold over 
most, if not all, of the life of the individusl. a 5  

shown by previous animal experiments where shcrt- 
term double tracer studies ha\-e been compared with 
lifetime feeding(l,2). 
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tions or predictions of SrgQ"/a ratios or Srgo 
levels in human milk from knowledge oIr pre- 
dictions of dietary levels; and (c) to permit 
estimations of relationships between Sr,/Ca of 
diet and Sr C'a of the body in healthy individ- 
uals; this type of information has been dif- 
ficult to obtain. It became possible to meas- 
ure these relationships in normal healthy 
women by making use of Srgo levels that ex- 
isted in our diet during May 1959. In  prin- 
ciple, it  appears that calcium and strontium 
of milk are derived under normal conditions 
largely from calcium and strontium of the 
contemporary diet with a small contribution 
from skeletal reserves, 
from regions that have 
(4 .8) .  Thus, a study 
I~noivn diet was fed to 
mediately postpartum ; 

and this most likely 
been labeled recently 
was done in which a 
5 women starting im- 
after a conditioning 

period of about 20 days, a 5-day collection of 
Eoold equivalent to that eaten and a 5-day col- 
lection of all milk were obtained for analysis. 

Methods.  Each od the 5 subjects began 30- 
day participation immediately postpartum. 
'The program was as indicated in Table I. If 
necessary, lactation was enhanced by pumping 
the breasts to assure a good volume of milk se- 
cretion and an active lactation €or a t  least 30 
days. Breast milk secreted during the last 5 
days of the 30-day period was collected folr 
analysis. a )  Diptar?! control. The hospital 
diet was consumed during the first 5 or 6 days 
postpartum. On leaving the hospital the sub- 
jects went to an apartment where they were 


