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Abstract--The effect of the administration of the 6-methylated progestagen megestrol 
acetate on the growth of the estrogen-induced transplantable PRL/ACTH-secreting rat 
pituitary tumor 7315a was investigated. A signi#cant inhibition of tumor growth was 
observed only during the last week of a four week period of drug administration (6 mg/kg). 
Administration of megestrol acetate suppressed the total content and the ability to release 
PRL, A C T H  and L H  of the pituitary gland of tumor bearing rats. Further, a significant 
suppression of the anterior pituitary, ovarian and uterine weights was observed in the 
megestrol acetate treated animals. Megestrol acetate did not exert a direct effect on PRL, 
A C T H  and L H  secretion by normal rat pituitary glands incubated in vitro. 

We conclude that megestrol acetate exerts in the model used a suppressive effect on 
PRL, A C T H  and L H  release and led to a diminution of the pituitary content of these 
hormones, while it has also anti-estrogenic and anti-androgenic properties. The effects 
of the drug help further explain its bene/icial effects in metastatic breast, endometrial, 
renal and prostatic cancer in man. 

INTRODUCTION 
ADMINISTRATION Of high dosages of megestrol 
acetate (17a-acetoxy-6-methylpregna-4,6-diene- 
3,20-dione) or medroxyprogesterone acetate 
(6a-methyl-17a-acetoxy progesterone) have 
been shown to induce objective remission with 
improved survival in 25-33% of post- 
menopausal women with metastatic breast 
cancer who are resistant to cytotoxic drugs and 
endocrine therapies, including treatment with 
tamoxifen [1-7]. It has been suggested, there- 
fore, that these progestational agents are useful 
compounds in the treatment of end-stage 
patients with advanced mammary carcinoma 
[2, 6]. The 6-methylated progestins possess high 
progestational properties and in addition 
demonstrate anti-estrogenic, anti-gonadotropic 
and anti-androgenic activity, while some degree 
of adrenal atrophy was observed during long- 
term use of high dosages of the compounds 
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[8-10]. They have also successfully been used in 
the treatment of cancer of the endometrium 
[11], kidney [12] and prostate [13]. At present, 
it is unknown how these progestational drugs 
accomplish tumor regression in these different 
types of carcinomas. 

In the present study we investigated the 
effect of the chronic administration of meges- 
trol acetate on the growth of the estrogen- 
induced transplantable prolactin (PRL) and 
adrenocorticotropin (ACTH) secreting rat 
pituitary tumor 7315a in the rat. Additionally, 
the effect of megestrol acetate on the ability of 
the pituitary gland of tumor bearing rats to 
secrete PRL, ACTH, luteinizing hormone (LH) 
and follicle stimulating hormone (FSH) in vitro 
and on the total pituitary content of these 
hormones was compared with those in control 
rats without tumours and in control rats with 
tumors. Finally, a possible direct effect of 
megestrol acetate on PRL, ACTH, LH and 
FSH release by the rat pituitary gland in vitro 
was investigated. 

MATERIALS AND METHODS 
Animals,  tumors and related procedures 

Female rats (offspring of male Buffalo and 
female Wag/Rij rats) with a body weight vary- 
ing between 100 and 120g were inoculated 
subcutaneously (s.c.) between the scapulae with 
the PRL/ACTH secreting pituitary tumor 
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7315a (obtained from Dr. R. M. MacLeod, 
Charlottesville, Virginia). Five grams of tumor 
tissue were chopped and minced to a homo- 
geneous solution in 10ml 0.9% saline and 
0.2ml of this suspension was injected. The 
animals were housed six per cage under 
artificial light from 06.00 to 19.00. 

Megestrol acetate (Novo Industries, Bags- 
vaerd, Denmark) was dissolved in 0.2 ml peanut 
oil and administered s.c. between 09.00 and 
10.00. Control rats and control tumor bearing 
rats received an injection with oil alone. The 
administration of megestrol acetate was started 
on the 3rd day after tumor implantation and 
daily injections were continued until the ani- 
mals were killed on day 28. 

Growth of the transplanted pituitary tumors 
was evaluated by expressing tumor size in cen- 
timeters squared (maximum length x maxim- 
um width). The actual tumor weight has been 
shown to be significantly correlated (P <0.01) 
with tumor size when expressed according to 
these criteria [14]. 

Control animals without tumors were 
sacrificed when in diestrus, while the tumor 
bearing and megestrol acetate treated rats did 
not cycle. Control rats with and without tumors 
and the megestrol acetate treated tumor bear- 
ing rats were sacrificed simultaneously and the 
pituitary incubations were carried out on the 
same morning. 

In order to evaluate the effects of the chronic 
administration of megestrol acetate on the 
ability of the pituitary gland to release PRL, 
ACTH, LH and FSH in vitro and on the total 
concentration of these hormones in the pitui- 
tary gland [15], the animals were killed by 
decapitation at 10.30 on day 28, 90 min after the 
last injection and plasma was collected. 
Anterior pituitary glands were quickly 
removed. One complete anterior pituitary 
gland or three hemipituitary glands from 
different rats were incubated in vitro without 
preincubation in l ml medium 199 (Gibco 
BioCuh, Glasgow, Scotland). The flasks were 
incubated at 37°C in a Dubnoff shaker in an 
atmosphere of 95% 02-5% CO2 (v/v). After 
incubation for 5 hr the medium was removed 
and the glands were rinsed quickly and homo- 
genized in 1 ml distilled water. Part of the 
medium and pituitary gland extract were taken 
apart for the ACTH-assay and brought to pH 1 
with 1 N HC1. 

The hormone content of the anterior pitui- 
tary glands was calculated by addition of the 
hormone concentration found in the medium 
and that found in the pituitary gland after the 
5 hr-incubation. This assumes that during this 

period no important breakdown or biosynthesis 
of these hormones has occurred [14, 15]. 

Hormone assays 
The level of PRL in the incubation medium, 

the pituitary extract and the plasma was 
measured by a double-antibody radioim- 
munoassay using materials and protocols sup- 
plied by the NIAMD Rat Pituitary Hormone 
Distribution Program. The results are expres- 
sed in terms of NIAMD rat prolactin RP-I. LH 
and FSH were estimated by double-antibody 
RIA's using NIAMD-rat LH I-6 and NIAMD- 
rat FSH I-4 for iodination and NIAMD-rat LH 
RP-1 and NIAMD-rat FSH RP-1 as standards. 
Antisera (anti-ovine LH 610 and anti-ovine 
FSH 619) were obtained by immunization of 
rabbits with NIH-LH S17 and NIH-FSH $9 
respectively, as described elsewhere [16]. ACTH 
in the medium and the pituitary extract was 
measured with a bioassay using the steroido- 
genic response of isolated adrenal cells as des- 
cribed by Lowry et al. [17]. 

All data are expressed as means -+S.E.M. 
Statistical analysis was done with Student's un- 
paired t-test. 

RESULTS 
Megestrol acetate (6 mg/kg) did not affect 

tumor growth between the 3rd and 22nd day 
after implantation (Fig. 1). From then on, 
however, control tumors increased between day 
22 and 28 in size by 12.7 + 2.4cm 2, while the 
megestrol acetate injected tumors grew only by 
4.2+-2.1cm 2 (P<0.01). On day 28 the size of 
the tumors in the control animals amounted to 

tumor size 
(c~ 2) 
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Fig. 1. The egect of the s.c. administration of megestrol acetate 

(6 mg/kg) from day 3 until day 28 after tumor implantation on 
the growth of the transplantable P R L / A C T H  secreting rat pitui- 
tary tumor 7315a. Between day 22 and day 28 a significantly 
slower growth of the tumor was observed after megestrol acetate in 
comparison with control tumors (P < 0.01). (Five rats per group, 

means +_ S.E.M.). 
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4 6 . 4 - 5 , 5 c m  2, while that  in the meges t ro l  
acetate  t rea ted  animals  was 33.0 + 4.4 cm ~ (P < 
0.05). T h e  weight  of  the t um or s  was not  
significantly d i f ferent  (Table  1). This  is p rob-  
ably caused by the variable size of  the control  
tumors ,  as the actual  t u m o r  weight  and  the 
t u m o r  size in these 10 animals  (5 control  t u m o r  
bear ing  rats and  5 meges t ro l - t r ea ted  t u m o r  
bear ing  rats) showed a statistically significant 
corre la t ion  (P < 0.01). T h e  inhibit ion of  t u m o r  
growth  by meges t ro l  acetate  was not  accom- 
pan ied  by a significant d iminu t ion  of the great ly  
elevated p lasma PRL concent ra t ions  (Table 2). 
T h e  meges t ro l  acetate  t rea ted  animals  had  the 
same body  weight  as the t u m o r - b e a r i n g  control  
rats (data not  shown).  

Imp lan ta t i on  of the t u m o r  resul ted in a 
d iminu t ion  of the pi tui tary  and  uter ine  weights 
in compar i son  with control  n o n - t u m o r  bea r ing  
rats (P < 0.01 and  P < 0.01, resp.;  Tab le  1). T h e  
adrena l  weights,  however ,  were great ly  ele- 
vated (P < 0.01 vs control  n o n - t u m o r  bear ing  
rats), while ovar ian  weights r em a i ned  un-  
changed  (Table  1). Af ter  chronic  ad- 
minis t ra t ion of meges t ro l  acetate  a decrease  in 
pi tui tary,  ovar ian  and  u ter ine  weights was 
observed  in compar i son  with the weights in the 

control  t u m o r  bear ing  rats (P < 0.05; P < 0.01 
and  P < 0.01 resp.;  Tab le  1). 

H y p e r p r o l a c t i n e m i a  in t u m o r - b e a r i n g  con- 
trol animals  was accompan ied  by a significant 
suppress ion  of  the circulat ing L H  ( P < 0 . 0 1 )  
and  FSH (P <0.01)  levels (Table 2). Chronic  
adminis t ra t ion  of meges t ro l  acetate to t u m o r  
bear ing  rats did not  f u r t he r  change  the sup- 
pressed plasma g o n a d o t r o p i n  concentrat ions.  

Imp lan ta t ion  of the P R L / A C T H  secret ing 
pi tui tary t u m o r  resul ted in a considerable  
decrease  of  the total contents  of  PRL and 
A C T H  of the an te r ior  pi tui tary glands of  
t u m o r  bear ing  animals  in compar i son  with 
those of  control  rats wi thout  t umors  (P < 0.01 
and  P < 0.05, resp.;  Fig. 2). T h e  ability of the 
pi tui tary gland of t u m o r  bear ing  control  rats to 
release PRL in vitro was also significantly sup- 
pressed ( P < 0 . 0 1  vs control  n o n - t u m o r  rats; 
Tab le  3), while A C T H  release r ema ined  un-  
changed.  Chronic  adminis t ra t ion  of meges t ro l  
acetate to t u m o r  bear ing  rats resul ted in a 
f u r t he r  d iminu t ion  of the a l ready suppressed  
total content  of  PRL and A C T H  in the pitui- 
tary gland (P < 0.01 and  P < 0.01, resp.  vs con- 
trol t u m o r  bear ing  rats; Fig. 2). T h e  ability of 
these glands to release PRL and A C T H  in vitro 

Table 1. E#ect of the daily administration of megestrol acetate (6 mg/kg body weight) 
starting on day 3 after implantation of the tumor on tumor, pituitary, adrenal, ovarian and 
uterine weights of rats inoculated on day 1 with the transplantable PRL/ACTH secreting 

pituitary tumor 7315a and killed on day 28 

Tumor Pituitary Adrenal Ovarian Uterine 
weight weight weight weight weight 

(g) (mg) (mg) (mg) (mg) 
(n = 2) (n = 2) 

Control (no tumor) 
Control (tumor) 45.8 -+ 6.3 
Tumor + megestrol acetate 33.8 -+ 4.6 

12.0-+0.3 40-+4 113-+4 547-+48 
8.4 +- 0.2* 238 -+ 14" 101 -+ 9 308 -+ 10" 
7.4-+0.2"t 202-+30* 38-+ 12"$ 222-+21"+ + 

*P < 0.01 vs control rats without tumor. 
tP < 0.05 vs control rats with tumor. 
++P < 0.01 vs control rats with tumor. 
Values are means + S.E.M., five animals/group. 

Table 2. E#ect o[ megestrol acetate (6 mg/kg daily) on plasma concen- 
trations of PRL, LH  and FSH in rats bearing the transplantable 

PRL/ACTH-secreting pituitary tumor 7315a 

Plasma PRL Plasma LH Plasma FSH 
(ng/ml) (ng/ml) (ng/ml) 

Control (no tumor) 21 -+ 4 46-+ 13 154-- 10 
Control (tumor) 14300- + 1115" 14-+2" 114- + 11" 
Tumor + megestrol acetate 14200 -+ 355* 15 -+ 3 110 -+ 4* 

Plasma samples were obtained by decapitation 90 min after the last injection 
on day 28. 
*P < 0.01 vs controls without tumor. 
Means + S.E.M., n = 5 in each group. 
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Fig. 2. The total PRL, A CTH, LH and FSH content of pituitary glands obtained [rom 
control rats, PRL/ A CTH secreting tumor bearing rats and tumor bearing rats treated with 
megestrol acetate (6 mg/kg) [or 25 days. (Five pituitary glands per group; mean +_ 

S.E.M.). *,°<0.05 P < 0.01 

Table 3. Effects of the daily administration of megestrol acetate 
(6 mg/kg body weight) starting on day 3 after implantation of the tumor 
on the ability of the pituitary gland to release PRL, A C T H ,  L H  and FSH 
o[ rats bearing the transplantable PRL/ACTH-secreting pituitary tumor 

7315a 

Radioimmunoassayable PRL bio-assayable ACTH 
(#.g/mg pituitary gland) (#U/mg pituitary gland) 

medium pituitary medium pituitary 
gland gland 

Control (no tumor) 
Control (tumor) 
Tumor + megestrol 
acetate 

4.39-+0.19 6.38-+0.48 13.5-+ 1.9 464-+47 
3.41-+0.14" 6.53-+0.23 10.5-+1.0 363-+53 

2.94-+0.17" 5.18-+0.25"$ 8.8- + 1.1" 169-+ 13"+ + 

Radioimmunoassayable Radioimmunoassayable 
LH FSH 

(/zg/mg pituitary gland) (/zg/mg pituitary gland) 
medium pituitary medium pituitary 

gland gland 

Control (no tumor) 0.30-+ 0.03 17.1 -+ 1.5 0.25 -+ 0.02 0.79 -+ 0.08 
Control (tumor) 0.73-+ 0.07* 40.7 -+ 5.7* 0.28- 0.04 2.79- 0.16" 
Tumor + megestrol 
acetate 0.34-+0.06# 14.0-+2.1? 0.27-+0.07 3.59-+0.31" 

Incubation of one pituitary per flask for 5 hr. Pituitary glands were obtained 
90 min after the last injection of megestrol acetate on day 28. Values are 
means -+ S.E.M.; five animals/group. 
tP < 0.05 vs control rats with tumor. 
+P < 0.01 vs control rats with tumor. 

was also suppressed  in compar i son  with that  in 
control  n o n - t u m o r  bea r ing  rats (P < 0.01 and  
P < 0.01, resp.),  bu t  equivalent  with the release 
of  the pi tui tary glands obta ined  f r o m  control  
t u m o r  rats (Table  3). 

T h e  an te r io r  pi tui tary glands f rom control  
t u m o r  bear ing  rats conta ined  a significantly 
h igher  total a m o u n t  of  L H  (P < 0.01) and  FSH 

(P < 0.01) than  those f rom control  rats (Fig. 2). 
Incuba t ion  of these glands in vitro showed that  
the release of  L H  was increased in compar i son  
with control  glands,  while FSH release was un-  
changed  (Table  3). Af te r  chronic  ad-  
minis t ra t ion of meges t ro l  acetate a decrease  in 
the total L H  content  and  in the ability to 
release L H  in vitro was observed  in compar i son  
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with those in control tumor bearing rats (P < 
0.01 and P < 0.01, resp. Fig. 2 and Table 3), but 
the total FSH content and the release of FSH 
by the pituitary glands in vitro remained un- 
changed. 

Finally, the direct effect of megestrol acetate 
on hormone secretion by normal rat anterior 
pituitary glands in vitro was investigated. 
Megestrol acetate (0.1 and 1/zM) did not affect 
basal PRL release and also did not change the 
dopamine-mediated inhibition of PRL release 
in vitro (Table 4). 0.1 and 1 ~M megestrol 
acetate did not influence basal LH, FSH and 
ACTH release (data not shown). 5 gM meges- 
trol acetate also did not suppress basal ACTH 
release, while it did also not influence the lysine 
vasopressin mediated ACTH stimulation of the 
rat pituitary gland in vitro (Table 4). 

D I S C U S S I O N  

In previous studies we have shown a strong 
suppressive action of the administration of the 
estrogen-receptor blocking agent tamoxifen 
and the long-acting LHRH-analog ICI 118,630 
on the growth of the estrogen-induced trans- 
plantable rat pituitary tumor 7315a [18, 19]. 
These inhibiting effects of tamoxifen and the 
LHRH-analog on tumor growth are presum- 
ably mediated via a blockage of the estrogen 
receptors on the tumor and chemical castra- 
tion, respectively. When administered from the 
3rd day after implantation of the tumor 
tamoxifen (200#g/kg body weight each day) 
prevented its growth completely[19], while in a 
later stage of its development tumor growth 
was inhibited by the administration of tamox- 

Table 4. The direct e~ect of megestrol acetate on PRL 
and ACTH secretion by normal female rat pituitary 

glands in vitro 

Exp.1 PRL in medium 
(/zg/mg pituitary) 

Control 3.99 -+ 0.28 
megestrol acetate (0.1 I~M) 3.60 -+ 0.24 

(1 ~M) 3.41 -+0.51 
dopamine (500 nM) 2.12 -+ 0.39* 
dopamine (500 nM +meg. acet. (1 tzM) 1.80-+0.26" 

Exp.2 ACTH in medium 
(#U/mg pituitary) 

Control 
megestrol acetate (5/~M) 
lysine vasopressin (40 ng/ml) 
LVP + megestrol acetate 

6.78 -+ 1.61 
6.68 -+ 1.37 

21.74 -+ 2.74* 
26.81 -+5.11" 

Incubation of three hemipituitary glands per flask for 5 hr; 
four flasks per group. 
*P < 0.01 vs control. 

ifen by 74-+6% [18]. The LHRH-analog (5 tzg 
s.c. twice daily for 12 days) inhibited pituitary 
tumor growth by 68-+ 11% [18]. Megestrol 
acetate exerted a less marked effect on the 
growth of this tumor: a significant inhibition of 
tumor growth was only present during the last 
7 days of a period of 25 days during which the 
drug was administered. The inhibition of 
tumor growth on the 28th day of megestrol 
acetate injections amounted to 29% in com- 
parison with the size of the control tumors, 
while no significant differences were noted in 
the actual tumor weights. 

Progesterone and its derivatives have long 
been considered to antagonize estrogen action, 
as it was shown to inhibit both estrogen-in- 
duced uterine growth [20] and uterine protein 
synthesis [21]. The anti-estrogenic effects of 
progestins are probably not mediated via a 
blockage of estrogen receptors via competition 
with 17~-estradiol for binding with its recep- 
tors, but they are more likely to be caused by 
interference with estrogen receptor availability 
resulting in a decreased number of available 
receptor sites [22, 23]. This difference of action 
of progestagen, like megestrol acetate, with that 
of tamoxifen may well account for its less im- 
pressive inhibiting effect on the growth of the 
pituitary tumor used in this study. 

Chronic administration of megestrol acetate 
to tumor bearing rats resulted in a variety of 
changes in the hormone content and release of 
the pituitary glands of these rats. The ACTH- 
secreting pituitary tumor suppressed, either 
directly or via the increased secretion of 
corticosterone, the total ACTH content of the 
host's pituitary gland. Megestrol acetate even 
further suppressed the total ACTH content. 
6-Methylated progestagens have been reported 
to cause atrophy of the adrenal glands of 
normal rats [10], while medroxyprogesterone 
was reported to induce depletion of the pitui- 
tary ACTH concentration and of the ACTH 
release in response to acute stress in rats [24]. 
The further suppressed total ACTH content of 
the pituitary glands of megestrol acetate 
treated tumor rats was not accompanied by a 
change in the weight of the adrenal gland. The 
presumably high circulating plasma ACTH 
levels of tumor bearing control rats, which 
were not measured in this study, were probably 
(like the plasma PRL levels) not diminished by 
the slight decrease in tumor size. This suggests 
that the suppression of the ACTH content of 
the pituitary gland by megestrol acetate is 
mediated via a negative glucocorticoid feed- 
back effect of the drug either on the hypo- 
thalamus, or on the pituitary gland itself. The 

EJC Vol. 17, No. 8--F 
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results of our study on the direct effect of 
megestrol acetate on basal and lysine vasopressin 
stimulated ACTH release do not support  the 
latter site of action. 

Administration of megestrol acetate was also 
shown to suppress the total LH content of the 
pituitary gland and the ability to release LH in 
vitro. This effect is probably a direct anti- 
gonadotropic effect of the drug on the hypo- 
thalamus and/or pituitary gland, as it occurred 
in the presence of a significant decrease in 
ovarian weight. During short-term incubation 
of pituitary glands in vitro no direct effect of 
megestrol acetate on LH secretion was noted. 

With regard to the regulation of PRL 
secretion, it has been shown that progesterone 
partially inhibits the stimulating effect of 
estrogens on PRL secretion [25] and also has an 
inhibitory influence on PRL release in preg- 
nant rats [26]. Progesterone receptors have been 
described in the brain and in the anterior 
pituitary gland [27]. Progesterone inhibited the 
stimulatory effects of estradiol on PRL release 
by a clonal strain of rat pituitary cells, but only 
after several days of incubation [28]. In short- 
term incubation no direct effect of megestrol 
acetate on PRL release by normal rat pituitary 
glands was seen in the present study. 

It has been reported previously that im- 
plantation of this transplantable PRL-secret- 
ing pituitary tumor causes a suppression of the 
weight and function of the host's pituitary 
gland [15]. These pituitary glands synthesize 
and release considerably less PRL than the 

glands of control animals. It was concluded 
that this is presumably mediated through an 
autofeedback mechanism due to the greatly 
elevated circulating level of PRL [29]. The fur- 
ther diminution of the already suppressed total 
PRL content of the pituitary glands of tumor 
bearing rats after megestrol acetate injections 
could be mediated via an inhibiting effect at the 
hypothalmic level, or it could also merely 
represent the further lowering of estrogen 
activity in these animals as evidenced by the 
suppression of ovarian and uterine weights. 

In conclusion, it was shown in the present 
study that megestrol acetate results in a 
diminution of the pituitary content and/or 
ability to release several hormones of the 
anterior pituitary gland including PRL, ACTH 
and LH. No data are available on a possible 
effect on GH and TSH secretion. In addition, 
anti-estrogenic and anti-androgenic properties 
of the drug have been described [8]. This wide 
spectrum of endocrine effects of megestrol 
acetate in this model of a pituitary tumor which 
contains estrogen and possibly other hormone 
receptors [30] could be of help in explaining 
the beneficial effect of high dosages of 6- 
methylated progestational drugs in about one 
third of the patients with advanced breast 
cancer resistant to cytotoxic and endocrine 
therapy [2-7] and of its positive effects in other 
"hormonally" sensitive carcinomas like those of 
the endometrium, kidney and prostate 
[12, 13, 15]. 
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