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Synergistic Role of Prolactin in Response of Male Rat Sex Accessories 
to Androgen.* (23050) 
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(Introduced by C. H. Li) 

Huggins and Russell( 1 )  were the first to 
point out that there is greater prostatic 
atrophy following hypophysectomy than fol- 
lowing gonadectomy in the dog. Other work- 
ers ( 2.3 ) have reported that hypophysecto- 
mized male rats showed less prostatic re- 
sponse to androgen than did animals that had 
undergone gonadectomy alone. JIoreover. 
several investigators (2,4-8) have concluded 
that administration of various pituitary fac- 
tors enhances the response of the ventral 
prostate and other ses accessories to androgen 
(or to interstitial cell-stimulating hormone. 
TCSH. in the presence of the testis). The 
conclusions derived from these investigations 
have often been conflicting. and little control 
has been exercised over the many variables 
(purity and dosages of pituitary hormones. 
age and operative condition of rats). Fur- 
thermore, in regard to enhancement of ICSH 
effects, conclusions obtained in this instance 
do not indicate whether or not the observed 
effects on the accessories of the administered 
pituitary hormone are the result of a direct 
effect upon the sex accessories (i.c., synergism 
with androgen) or of an increase in androgen 
secretion by the testis ( i . ~ . ,  synergism with 
ICSH) or of both effects. 

The object of the current study was to as- 
certain the effects of lactogenic hormone (pro- 
lactin, LTH) on response of sex accessories 
of hypophysectomized-castrate male rats to 
administration of testosterone propionate 
(TP). The dose of TP employed was one 
which caused doubling of the control ventral 
prostate weights, a response typical of that 
which follows ICSH administration ( 8). The 
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dose of LTH was similar to that used by 
Segaloff (8) and shown by him to modify the 
response to ICSH administration. The effect 
of pituitary growth hormone (somatotropin, 
STH) was also investigated, but only at dose 
levels selected to control for a possible con- 
tamination by STH in the LTH preparations. 
The use of immature rats a t  a time long 
enough after castration and hypophysectomy 
to eliminate any effects contributed by resid- 
ual circulating hormones permitted us to de- 
termine stimulation of growth, rather than 
maintenance of development already attained 
( 7 ) .  

Materials and methods.  144 male Sprague- 
Dawley rats were castrated a t  28-30 days of 
age and hypophysectomized 2 days later. Be- 
ginning 1 1 days after hypophysectomy, single 
daily hormone injections were given for 5 
days. A4queous solutions of LTH and of STH 
were administered intraperitoneally : TP in 
sesame oil was injected subcutaneously. 
Table 1 lists the various groups of animals 
and the amounts of hormones used. Rats of 
Series I and I1 were obtained from a different 
source than those of Series 111 and IV. The 
LTH was prepared from ovine pituitaries 
by previously published methods (9,lO) and 
possessed an estimated potency of 35 I.U./ 
mg; the STH was prepared from beef glands 
by the method of Li ( 11). On day following 
5th injection, rats were sacrificed by neck 
fracture; ventral prostate, anterior prostate 
( “coagulating gland”) , and seminal vesicles 
were removed, freed of the bulk of their se- 
cretions, and weighed on a 0-50 mg Roller- 
Smith balance. The sella turcica was in- 
spected for evidence of pituitary fragments. 
The ventral prostate was bisected: one por- 
tion was reweighed and immediately frozen on 
dry ice for later determination of alkaline 
phosphatase activity ( 12 ) ; the other portion 
was fixed in Bouin’s fluid, serially sectioned 
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TABLE I. Effect of Testosterone Propionate (TP), Lactogenic Hormone (LTH) and Growth Hormone 
(STH) 011 Sex Accessories of Hypophysectomized, Gonadectomized Male Sprague-Dawley Rats. 

Daily dose, pg Body wt, g I------ Wt, W5 - Glandular tissue 
7-- - No. of (-, Ventral Anterior Seminal in central pros- 

Series TP LTH STH rats Initial Final prostate prostate vesicle tate, %$ 

I 0 0 0  10 77 76 6.7 * .4 2.1 2.1 
0 150 0 7 82 88 7.8 3- .6 2.4 f .1 
0 0 7.5 10 70 69 5.9 2 .3 1.4 2 .1 

I1 25 0 0 14 83 84 12.4 .5 3.7 & .3 
25 150 0 12 84 86 16.0 .7$ 4.6 3- .6 

I11 25 0 0 8 7 1  75 15.4 2 .9 4.5 f .2 
25 150 0 9 70 74 16.6 & .7 5.2 A .3 
25 0 7.5 9 69 75 17.7 & .7 5.2 & .3 

IV  25 0 0 13 79 79 15.5 3- .9 5.5 .4 
25 150 0 10 82 84 17.1 & 1.1 7.0 & .5* 
25 300 0 11 83 85 18.4 & 1.1 8.3 f .9t 
25 0 3.8 11 83 87 18.7 -i 1.1" 6.9 & .4* 
25 0 7.5 10 80 84 17.8 2 1.0 6.3 -+ .6 
25 150 7.5 10 84 88 21.0 f 1.1$ 8.1 f .5$ 

5.9 -+ .4 
7.4 2 .at 
4.9 * .3 

13.9 k .9 64.2 2 .7 (8) 11 
17.3 k 1.4" 70.3 2 .8$ (8) 
15.7 * .7 66.3 2 1.1 (8) 
18.9 f Lot 70.4 .8$ (9) 
21.3 f 1 . 1 $  67.1 2 .9 (9) 
22.3 f 1.4 50.6 2 1.0 (13) 
27.1 -t 1.5 55.6 2 1.1$ (8) 
29.7 f 2.1% 
25.2 3- 1.3 
26.1 .t 1.6 51.6 2 1.3 (10) 
32.5 -t l.Z$ 55.7 -t l.O$ (9) 

~ ~~~ ~~~~ ~ ~ ~ 

* .02 < p < .05. 

fi Meail -c S.E. of mean. 

t .01 < p  <.02. $ p L.01. All "p" values were calculated with re- 
spect to the first group in each series. 

11 No. of ventral prostates examined histometrically. 

in paraffin, and stained with hematoxylin and 
eosin or Mallory-Heidenhain stain. In Series 
I1 and 111, histometric analysis of sections of 
the ventral prostate was carried out by means 
of a technic modified from Eranko(l3). The 
sections from Series IV were studied histo- 
metrically with a synchronous scanning de- 
vice designed by one of us (M.D.C.). In 
this apparatus, time is used as a measure of 
distance as the magnified image moves at 
const ~ , n  t speed past a crosshair superimposed 
upon the field. This scanning method al- 
lowed a more random and hence more objec- 
tive selection of sections for measurement 
than the method employed in the earlier se- 
ries. 

Results. In preliminary studies with hypo- 
physectomized - gonadectomized Long-Evans 
rats, the addition of 150 pg LTH to daily 
doses of 2.5-500 pg TP produced no significant 
increases in the weights of the sex accessories 
over those of rats receiving TP alone. How- 
ever, Sprague-Dawley rats subjected to the 
same treatment showed significant responses 
(see Series 11), and this strain was chosen for 
further investigation. 

Neither 
STH nor LTH alone had any stimulatory ef- 
fects on the ventral or anterior prostates, but 
LTH apparently elicited minimal growth on 

Table I summarizes the results. 

the part of the seminal vesicles. T P  alone 
resulted in a t  least a doubling of the weight 
of all structures studied over those of controls 
injected with sesame oil. LTH administered 
with TP produced a significant increase in the 
weight of the ventral prostate in Series 11, an 
increase which was accompanied by a con- 
comitant significant increase in the proportion 
of glandular tissue in this organ. 

Since the LTH preparation employed in 
Series I and I1 contained a small amount of 
STH (as indicated by the tibia assay method 
(14)), an additional group, injected with 7.5 
pg STH daily, was introduced to control for 
a maximal ( 5% ) possible contamination of 
the LTH with STH. Administration of LTH 
or STH in Series I11 resulted in a significant 
weight increase only in the seminal vesicles; 
however, LTH effected an increase in the 
amount of glandular tissue in the ventral 
prostate, an increase not seen with STH alone. 

In the last series (IV),  an LTH prepara- 
tion was employed at 2 dose levels, which, 
when assayed for growth hormone activity a t  
a total dose of 4 mg, gave no indication of 
such activity, indicating that any contamina- 
tion was less than 0.25%. In addition, 2 dose 
levels of STH were used. Finally, a group 
was included receiving TP, LTH and STH to- 
gether, in order to determine whether the in- 
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dicated individual synergistic effects were ad- 
ditive. The highly purified LTH preparation 
caused small increases in ventral prostate 
weight (also evident in Series 111) that were 
not significantly different at either dose level 
from those observed in the rats treated with 
TP alone. Significant weight increases were 
observed in the anterior prostates of both 
LTH groups and in the seminal vesicles of 
the groups receiving the dose of 300 pg daily. 
STH produced no consistent organ weight in- 
crements. When 150 pg LTH and 7.5 pg 
STH were combined with 25 pg  TP, highly 
significant large weight increases (more than 
35% above the TP control group) were ob- 
served in the ventral prostate, anterior pros- 
tate. and seminal vesicles. Significantly more 
glandular tissue was seen in the ventral pros- 
tate in the presence of LTH than in its ab- 
sence. STH did not have this latter effect. 

LTH was shown to have no effect on alka- 
line phosphatase activity as determined in 
ventral prostate samples from TP-treated and 
LTH + TP-treated rats in Series TI and 111. 

Discussion. The sex accessories of rats of 
the Long-Evans strain in our experiments and 
in those of Lostroh and Li(7) proved to be 
unresponsive to the administration of pitui- 
tary hormones, even though this strain ap- 
peared as sensitive as the Sprague-Dawley to 
injected androgen after gonadectomy and hy- 
pophysectomy. Hence, the results herein re- 
ported must be considered as referring to rats 
of the Sprague-Dawley strain. 

Neither LTH nor STH alone was capable 
of producing significant increases in ventral 
prostate weight. In only one series (11) did 
combined LTH and TP administration result 
in ventral prostates significantly larger than 
those produced by TP injection alone, and in 
this series the mean prostate weight of the 
TP-injected control group was lower than in 
the other series, in which the animals were 
obtained from a different source. Neverthe- 
less, despite the failure of LTH to produce a 
consistent significant increase in the weight 
of the ventral prostate, a significant increase 
in the proportion of glandular tissue in that 
organ was revealed by histometric analysis. 
Although the combined administration of 

STH and TP in Series I11 produced ventral 
prostate weights equal to or larger than those 
seen following treatment with LTH, no con- 
comitant increment in glandular tissue was 
observed with the combined treatment in this 
series or in Series IV. Neither pituitary hor- 
mone, either alone or in conjunction with TP, 
produced a significant increase in anterior 
prostate weight in the earlier series. How- 
ever: with the highly purified LTH of Series 
TI’, significant augmentation of weight of this 
organ was observed a t  both dose levels em- 
ployed. The response to STH, on the other 
hand, was not so marked and even less regu- 
lar in occurrence. The seminal vesicle ap- 
peared to be the sex accessory in which in- 
crease in weight resulted most consistently 
from the combined administration of LTH 
and TP. An effect of LTH on the seminal 
vesicles of gonadectomized rats has been re- 
ported previously by Pasqualini ( 5 ) .  ‘In one 
experiment when STH was administered with 
TP. a synergistic response was obtained. 

The greatest responses to androgen were 
manifested by all 3 accessories after simul- 
taneous treatment with STH and LTH. In 
all cases the difference in organ weights be- 
tween the triply injected animals and those 
receiving TP alone was found to be signifi- 
cant a t  “p” values of less than .W1. A sig- 
nificant increase in glandular tissue in the 
ventral prostate was also seen (p<.Ol). 

The results indicate that either LTH or 
STH, a t  the dose levels employed, is capable 
of exercising only a minimal degree of syner- 
gism with androgen in stimulating male sex 
accessory growth. This trend of minimal 
synergism is evident throughout almost all 
the data; however, statistical evaluation of 
the data from any single series only occa- 
sionally reveals differences that are signifi- 
cant. However, marked synergism, of defi- 
ni te statistical significance, was obtained after 
simultaneous treatment with all 3 hormones; 
thus, i t  appears that both LTH and STH as 
entities are needed for the optimum synergis- 
tic response. Li ( 15) has recently described 
STH as a general metabolic hormone, and in- 
deed the increased responsiveness of sex ac- 
cessories in the presence of STH, and pos- 
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sibly of LTH, could be viewed in terms of im- 
provement in the general physiologic state of 
the organism. It would appear, however, that 
LTH and STH act by different mechanisms, 
since the former, but not the latter, consis- 
tently produces an increase in the proportion 
of glandular tissue in the ventral prostate. 

Summary and conclusions. Lactogenic hor- 
mone (LTH) alone or together with testoster- 
one propionate (TP) produced a significant 
increment in the weight of the seminal vesicle. 
When given with TP, LTH produced an in- 
crease in the amount of glandular tissue in the 
ventral prostate. Growth hormone ( S m )  
alone or together with TP did not produce any 
consistently significant increase in the weight 
of the accessories. When TP, LTH and STH 
were administered simultaneously to the same 
test animals, the weight response of all ac- 
cessories was significantly greater than that 
to androgen alone. The data are interpreted 
as indicating that a synergism among the 3 
hormones may operate to stimulate sex acces- 
sory growth in the male Sprague-Dawley rat. 
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Effects of Cortisone and Hydrocortisone on Sodium Excretion in 
Adrenalectomized Rats. (23051) 
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Sodium retention with cortisone and hy- 
drocortisone is readily demonstrated in man 
( 1-4). In adrenalectomized rats, commonly 
used for steroid studies, retention of sodium 
has not been clearly seen. Singer and Ven- 
ning(5) in fact observed sodium loss with 
cortisone, but were unable to obtain a graded 
response. Results of Johnson(6) and of 
Dorfman( 7 )  showed increased excretion of 
the ion with small doses of hydrocortisone, 
and no effect with larger doses. In our ex- 
perience, cortisone has caused a loss of so- 

dium with low doses and retention with high 
doses. It should be carefully noted that a 
fixed time-interval of urine collection was 
used for all the foregoing laboratory studies. 

Sodium response in rats was therefore fur- 
ther investigated as a function of time and 
dose following cortisone and hydrocortisone 
administration. Information of this kind is 
useful for careful evaluation of sodium-retain- 
ing activity in structurally-related steroids. 
The present report summarizes our data. 

Material and methods. Exp. I .  Large 


