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Further Studies on Effects of Tranquilizing Drugs on Mammary Involution 
in the Rat." (25436) 

G. I(. BENSOK (Introduced by R. Gaunt) 
X a t .  I n  \ t .  for  Rcsparch in  Dairying, Shinficld, Reading, Berkshire, England 

Osytocin administration inhibits mammary 
involution in rats after removal of the litter a t  
fourth day of lactation, and it was suggested 
that oxytocin elicits prolactin release under 
these conditions ( 1 ,2 ) .  Later, following re- 
ports of its lactogenic effects in several species 
(3-7), it  was shown that reserpine resembles 
oxytocin in showing a striking effect in retard- 
ing mammary involution in the rat ( 8 ) .  I t  was 
of interest to study effects on mammary invo- 
lution of other tranquilizing drugs, and the 
present paper describes experiments carried 
out with chlorpromazine, reported to cause 
galactorrhoea in women (9 ,  l o ) ,  and syrosingo- 
pine (Singoserp) . an analogue of reserpine 
possessing hypotensive properties similar to 
those of reserpine, but with a considerably re- 
duced central sedative action ( 1 1,2 5 ) .  T o  
throw light on the mechanism of action of 
reserpine, the effects of hypophysectomy and 
of adrenalectomy on reserpine-induced paren- 
chyma maintenance have been investigated, 
Further, in view of claims that the pharma- 
cological action of reserpine may be due to al- 
tering the serotonin-binding capacity of brain 
cells( 12,13). the effects of serotonin on mam- 
mary involution have been studied; and since 
reserpine has been reported to release hista- 

* T h e  author is indebted to Ciba Inc., Iv. J., 
through courtesy of Dr. R. Gaunt, for grant to  cover 
cost of publication. 

mine from blood platelets( 14),  the effect of 
this substance on mammary involution was 
also investigated. 

Materials and methods. Hooded Norway 
rats were used, 2-3 months old, undergoing 
first lactation. Stock colony diet ( 15) was 
fed ad lib.; daily food and water consumption 
was recorded. After parturition all litters 
were reduced to 9 young on first day of lac- 
tation, and to 8 on second day. Litters were 
weighed daily to check lactational perform- 
ance of the mother, and mothers were also 
weighed daily as in previous experiments. Lit- 
ters were removed on 4th day of lactation 
when treatment began and when operations, 
if any, were carried out. Substances admin- 
istered during treatments were a )  Reserpine 
( Serpasilf ) , b) Syrosingopine (Singoscrp: ) , 
c )  Chlorpromazine (Largactil, May & Baker 
Ltd.), d )  9 U. fluorocortisol (FC)  supplied as 
acetate by E. R. Squibb & Sons, N .  J.; this 
was administered in suspension in 0.5 ml car- 
boxy-methylcellulose (CMC) solution, e) 
Serotonin, supplied as creatinine sulphate by 
May & Baker Ltd., f)  Histamine, supplied as 
acid phosphate by British Drug Houses Ltd. 
Full details of experimental groups, dosages, 

t Kindly supplied by Mr .  C. W. S. Taylor, Ciba 

$ Kindly supplied by Dr .  R. Gaunt, Ciba Inc., 
Labs., Horsham, Sussex. 
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etc. are included in Table I. At end of treat- 
ment period, which except where otherwise 
stated lasted 9 days, mammary tissue was 
studied histologically, alveolar maintenance 
estimated by determination of percentage par- 
enchyma( 2 ) .  Various other olrgans were re- 
moved, weighed, and preserved for histology. 
Where appropriate, brain and pituitary region, 
suitably trimmed, was sectioned after decalci- 
fication, and checked for pituitary remnants. 

Results. Reserpine and Syrosingopine. In 
this experiment both drugs were made in citric 
acid-glycol vehicle, as follows :-citric acid 
anhydrous 0.2 5 % ; benzyl alcohol 2 % ; poly- 
ethylene glycol 10% ; distilled water q.s. 
100%. Stock solutions were diluted to enable 
necessary quantities to be injected in 0.1 ml 
of the vehicle. 

Mammary gland involution was retarded to 
a similar degree by all treatments except lower 
dose of syrosingopine, where maintenance was 
less well-marked (Table I) .  The control group 
showed some maintenance, quantitatively 
similar to that previously found for intact ani- 
mals receiving ACTH ( 16,17), and may there- 
fore be due to a non-specific stress effect of 
the vehicle. As in previous experiments (8) a 
significant decrease in uterine weight was ob- 
served as a result of reserpine treatment, 
though not after syrosingopine treatment 
(Table I) ,  and histological examination indi- 
cated that in the control group, weaning was 
followed by return to normal ovarian cyclic 
activity. This finding was borne out by ab- 
sence of mucification in the control vaginae; 
the vaginae of 9 of reserpine-treated animals 
and 7 of syrosingopine-treated animals were 
mucified. As before (8) thymus weights were 
depressed by reserpine a t  both dose levels, 
particularly the higher, and also, by syrosingo- 
pine at  higher dosage. Adrenal weights were 
increased by higher dose of reserpine but sur- 
prisingly a slight decrease in mean adrenal 
weight was observed in the lower dosage 
group. Syrosingopine had no effect. 

Depression of body weight previously noted 
after administration of 100 pg reserpine daily 
(8) was again observed, but all other treat- 
ments resulted in significant gains in body 
weight. The higher dose of reserpine was ob- 
viously in the toxic range, since animals so 

treated exhibited severe diarrhoea and deteri- 
oration in coat condition. Syrosingopine did 
not produce effects of this nature. 

Chlorpromazine. Dosages were higher than 
those reported by Sulman & Winnik(l8) to 
depress cyclic ovarian activity in rats. How- 
ever, chlorpromazine was much less effective 
than reserpine in retarding mammary involu- 
tion, though at  the higher dose level it was 
somewhat more potent than the lower dose 
level of syrosingopine (Table I) .  Ovaries of 
the treated groups were significantly lighter 
than those of control group, but no significant 
differences in uterine weight were apparent. 
Histological examination showed evidence of 
ovarian cyclic activity in some treated aai- 
mals, as in all control animals. Treated ani- 
mals not showing resumption of ovarian cyc- 
lic activity had mucified vaginae. Ovaries of 
the control group contained many very large 
corpora lutea. Little influence on adrenal 
and thymus weights was apparent, though the 
lower dose level appeared to have depressed 
adrenal weight below the control value. The 
depressive effect on body weight after reser- 
pine treatment (Table I) was not a feature of 
chlorpromazine administration. 

Reserpine in hypophysectomized animals. 
All hypophysectomized and sham operated 
animals lost weight rapidly during treatment 
period. By the 6th day after operation, 3 
hypophysectomized animals were in a parlous 
condition, and were therefore killed, 3 controls 
were killed on equivalent day to match them. 
The other 2 hypophysectomized animals sur- 
vived to the 13th day after parturition, when 
they and remaining controls were killed. No 
residual fragments of anterior pituitary were 
detected in hypophysectolmized animals in 
sections of brain. 

Involution of mammary tissue in hypophy- 
sectoimized animals was quite clearly unaf- 
fected by reserpine. Even in rats killed on 
10th day of lactation, marked involution had 
occurred (Table 1). In contrast, adminis- 
tration of reserpine to the control group again 
sustained integrity of the parenchyma to a 
marked degree. In these sham-operated ani- 
mals percentage parenchyma values indicated 
no fall-off in degree of maintenance between 
10th and 13th day of lactation, In  hypophy- 
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sectomized animals, reduced organ weights 
presumably reflected absence of trophic hor- 
mones. In controls, reserpine greatly de- 
pressed thymus weights, and some elevation 
of adrenal weight was apparent. Depressed 
ovarian and uterine weights in these sham- 
operated animals expressed lack of cyclic 
function, borne out by atrophic appearance of 
these organs when examined histologically. 
Vaginae of several sham-operated groups were 
mucified. Over the 6-day periold, body 
weight of hypophysectomized animals de- 
creased at  significantly higher rate than did 
controls, but a t  13 days, loss of body weight 
in both groups was about equal, and similar to 
that previously reported after reserpine ad- 
ministration (8) .  Food consumption did not 
vary significantly over the 6- or 9-day period 
and was low throughout both groups. Water 
consumption was generally higher in hypo- 
physectomized animals. 

Reserpine in advenalectomized unimuls. 
Dosage of FC in this experiment has previ- 
ously been shown to give a considerable de- 
gree of lactation maintenance in adrenalecto- 
mized rats( 19). Combined effects of the op- 
eration and reserpine treatment resulted in 
rapid loss of condition in a number of the 
group receiving reserpine aIone, confirming 
findings of Gaunt et a l . (20)  and 4 of these 
animals were either dead at  9th day of lac- 
tation or were killed because of their condi- 
tion. Four of control saline-injected group 
were therefore killed on 9th day of lactation, 
thus leaving 2 animals in each 04 these 2 
groups, all of which survived to 13th day 
(Table I) .  All animals receiving corticoid in 
addition to1 reserpine and controls receiving 
CMC solution survived to 13th day. 

Over 5-day and 9-day treatment reserpine 
alone had some effect in maintaining the mam- 
mary gland in absence of adrenals (Table I) ,  
though degree of maintenance was by no 
means as marked as in intact animals already 
described (8 j . However, when FC was admin- 
istered in addition to reserpine a very marked 
degree of maintenance was achieved (Table 
I) .  Little significant information can be de- 
rived from organ weights which differed 
widely within groups. Histological examina- 
tion of uteri, ovaries and vaginae revealed 

little sign of cyclic activity within reserpine 
treated groups, vaginae generally being mu- 
cified. In control groups, however, some 
uteri and ovaries showed clear evidence of a 
return to normal ovarian cycles following 
weaning. 

Serotonin. The dosage used (250 pg 3 X 
daily) was referred to the 5 H-T base, and 
each dose was contained in 0.5 ml 0.9% sa- 
line. No marked effects were observed with 
respect to maintenance of mammary paren- 
chyma, either qualitatively or quantitatively 
(Table I j . There were no significant effects 
on osrgan weights, except for an increase in 
adrenal weight after serotonin administration. 
Body weights and food and water intakes were 
not affected. 

Histamine. Each dose ( I  mg 3 X daily) 
was contained in 0.5 nil saline. No effects of 
mammary involution were observed (Table 
I ) ,  and there were no effects on organ weights, 
boldy weight, or food and water intakes. 

Discussion. That reserpine retards mam- 
mary involution in rats(8) has been amply 
confirmed in this experiment. This finding, 
together with histological studies on uteri and 
vaginae, supports the view, first suggested by 
lactogenic responses( 3-7, 2 1 ), that reserpine 
released prolactin. Syrosingopine was less ef- 
fective in retarding mammary involution than 
was reserpine. In view of the reduced central 
sedative action of this analogue the finding 
lends support to the theolry that prolactin re- 
lease by these drugs is achieved by suppres- 
sion of a center in the hypothalamus which 
normally inhibits prolactin release. 

It is interesting that the retarding action of 
chlorpromazine on mammary involution was 
less than one-fiftieth of that of reserpine on a 
weight for weight basis, although dosages used 
were larger than those previously reported to 
depress anterior-pituitary function in rats 
(18). 

The possibility that the effects on mam- 
mary involution are due to a direct effect olf 
reserpine on the mammary gland receives no 
support from the experiment with hypophy- 
sectomized animals, retardation of mammary 
involution being obtained only in sham-oper- 
ated rats. This finding, together with supple- 
mentary observations on uteri and vaginae, 
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supports the inference that the pituitary gland 
is involved, as in experiments with oxytocin 
(2 ) .  However, whether or not this is due to 
a “permissive action” of anterior-pituitary 
hormones cannot be determined on the basis 
of this work. 

Vnlike hypophysectomy, adrenalectomy 
does not totally impair the effect of reserpine 
on retardation of mammary involution. 
though it markedly diminishes it, the full 
reserpine effect being restored by corticoid ad- 
ministration. Reserpine appears to stimulate 
ACTH release, indicated here by changes in 
thymus and adrenal weight, and also reported 
elsewhere( 20.22). I t  might be thought that 
its effects in these experiments could be at- 
tributed to ACTH release ir? view of the es- 
tablished importance of this hormone in lac- 
tation ( 23 ) .  However. both XC‘TH and 
adrenal corticoids, including FC, have previ- 
ously been shown in similar experiments to 
possess only a relatively slight effect in retard- 
ing mammary involution in intact animals ( 16. 
17,24). It therefore seems unlikely that the 
whole of the reserpine effect can be attributed 
to stress-induced release of ACTH. The com- 
parative failure of reserpine to retard mam- 
mary involution in adrenalectomized animals. 
unless corticoids are administered, may be 
explained in terms similar to those suggested 
in connection with oxytocin-induced release of 
prolactin in adrenalectomized animals ( 1 7 ) .  
i.e., in absence of adequate levels of adrenal 
steroids, secretion of prolactin by the anteriolr 
lobe is reduced. 

The general lack of effect of syrosingopine 
on adrenal and thymus weights in these ex- 
periments confirms the findings of Chart, 
Renzi 8z Gaunt (personal communication ) 
who also observed no adrenal weight increase 
following chronic administration of this sub- 
stance, and is in harmony with their 0bserL.a- 
tions that reserpine is 5 or more times as po- 
tent as syrosingopine in causing adrenal 
ascotbic acid depletion. The results reported 

ings conform with those of Sawyer(5) who 
observed no mammary activation following 
injections of serotonin into the cerebral ven- 
tricles of suitably prepared rabbits. Reser- 
pine was. however, effective in stimulating 
mammary growth and secretion when admin- 
istered in this way. 

In  general. our findings are in keeping with 
the suggestion discussed elsewhere (2 7 ) ,  that 
the effects of reserpine on the mammary gland 
(both lactogenic and involution-retarding ef- 
fects) are due to removal of a hypothalamic 
inhibition of prolactin release. 

1. In rats, following weaning 
of litters on 4th day of lactation, administra- 
tion of syrosingopine (50 ,ug daily) for 9 days 
had much less effect than the same dose of 
reserpine on retardation of mammary involu- 
tion, but was similar in effect at a higher dose 
level (100 p,g daily). 2 .  Chlorpromazine (2.5 
mg and 5 mg daily) also had a lesser retarding 
effect on mammary involution than reserpine. 
3. No noticeable effects on mammary involu- 
tion were observed after administration of 
serotonin (250 pg 3 X daily) or histamine ( 1  
mg 3 daily). 4. Reserpine ( 100 pg daily) 
had no effect on mammary involution in hy- 
pophysectomized animals. 5. In adrenalec- 
tomized animals some involution-retarding ef- 
fect of reserpine (100 pg daily) was still ap- 
parent and was greatly enhanced by addition 
of 9a fluorocortisol. 6. Reserpine, a t  higher 
dose level, depressed food consumption and 
body weight, and retarded return of normal 
cyclic function after weaning as did the higher 
dose of syrosingopine to a lesser degree. 
Marked effects on thymus and adrenal weights 
after reserpine administration indicated that 
AC‘TH secretion is stimulated by the drug, 
but neither syrosingopine nor chlorpromazine 
treatment resulted in any apparent stimula- 
tion of ACTH release. 7. The significance of 
these findings in relation to a possible hypo- 
thalamic inhibition of prolactin release is dis- 
cussed. 

Suinmary. 
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Indirect Evidence of Synthesis of Norepinephrine from 3-Hydroxy- 
Tyramine-l-CI4 in viva.* (25437) 

M. GOLDSTEIN, A. J. FRIEDHOFF, C. SIMMONS AND N. N.  PROCHOROFF 
(Introduced by K. Nelson) 

Dept .  of Psychiatry and Neurology, Psychopharmacology Research Unit ,  
N .  Y .  U .  College o f  Medicine 

Considerable evidence is available that 3- 
hydroxytyramine is, in vitro, a precursor of 
norepinephrine ( 1,2,3). However, little evi- 
dence is available about the formation of nore- 
pinephrine from 3-hydroxytyramine in the in- 
tact animal. The low rate a t  which 3-hy- 
droxytyramine is utilized for conversion into 
norepinephrine, as well as the high rate of 
metabolism of 3-hydroxytyramine and nore- 
pinephrine in vivo makes i t  difficult to demon- 
strate this reaction directly in the intact ani- 
mal. Since Axelrod(4) has shown that t,he 
main metabolite of norepinephrine is 3-me- 
thoxy-norepinephrine, it  occurred to us that 

* This investigation supported by grant from Nat. 
Inst. Health, and presented in part to Fed. Am. Soc. 
for Exp. B i d ,  Atlantic City, April, 1959. 

conversion of 3-hydroxytyramine to norepine- 
phrine could be demonstrated in vivo indi- 
rectly by isolation of the end product of bio- 
synthesis, namely, 3-methoxynorepinephrine. 
Also, since various kinds of stresses have been 
reported to increase excretion of norepine- 
phrine, it  seemed likely that excretion of 3- 
methoxynorepinephrine would be affected un- 
der these conditions. 

Materials. Iproniazid phosphate was kindly 
supplied by Hoff mann-La Roche ; 3-hydroxy- 
tyramine- 1 -C14 was obtained from New Eng- 
land Nuclear Corp. ; 3-methoxytyramine- 1 - 
C14 was isolated from urine of rats treated 
with iproniazid ; 3-methoxynorepinephrine, 3- 
methoxyepinephrine and 3-methoxytyramine 
were kindly supplied by Sterling-Winthrop 


