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The Effect of Pregnant Mares Serum Gonadotrophin 
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Abstract-Ovariectomited and intact rats bearing mammary turnours, induced with 7,12- 
dimethylbenz(a)anthracene, were treated with diethylstilboestrol (DES), tamoxifen and pregnant 
mares serum gonadotrophin (PMSG) alone or in various combinations. 

In ovariectomized animals, PMSG (100 iu da@) alone, or with DES (50 kg) or tamoxifen 
(50 pg), slowed tumour regression. Mean tumour volume after 5 weeks was larger than control (P 
< 0.05) in animals treated with PMSG + DES but not with PMSG or PMSG + tamoxifen. 

In intact animals, PMSG (200 iu bd, but not 2 or 20 iu bd) slowed tumourgrowth (P < 0.05) 
and PMSG (2 or 200 iu bd) reversed the tumour inhibiting effect of tamoxifen (200 kg). PMSG 
(2 iu bd), in contrast to 20 and 200 iu doses, showed no evidence of oestrogen stimulation. It is 
suggested that the reversal of the tumour inhibiting effect of tamoxtfen by this low dose of PMSG 
may be of relevance to failure of tamoxtfen treatment and to ‘tamoxifenjare’. 

INTRODUCTION 
THE PART played by oestrogens in the aetiology of 
breast cancer has long been recognised. As early as 
1836 Cooper [l] observed fluctuations in the growth 
of breast cancers during different phases of the 
menstrual cycle and in 1896 Beatson [2] used 
ovariectomy to treat young women with breast 
cancer, a form of treatment which was revived in 
1941 to treat premenopausal women with advanced 
disease. The higher incidence of breast cancer in 
postmenopausal women [3], in whom atrophy of 
the ovaries results in a reduction in the ovarian 
production of oestrogen, might thus seem surprising 
but bilateral adrenalectomy [4], hypophysectomy 
[5], the use of drugs such as aminoglutethimide [6], 
which blocks the aromatization of androstenedionc 
[ 71, and anti-oestrogens such as tamoxifen [8] have 
been found to produce remarkable remissions in 
postmenopausal women with advanced breast can- 
cer. 
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Unfortunately, the overall response rate to hor- 
monal manipulation in breast cancer is only 
approximately 30% and even if the cases considered 
are limited to those in which the tumours have been 
shown to possess significant levels of oestrogen 
receptors the response rate is only 57% and 77% 
for those patients with tumours possessing both 
oestrogen and progesterone receptors [9, lo]. 

Since the level of cytoplasmic oestrogen receptors 
in tumours of postmenopausal patients is, in gen- 
eral, higher than in premenopausal patients, one 
might expect the overall response rate to hormonal 
manipulation to be better in post- rather than in 
premenopausal patients, particularly so when using 
anti-oestrogens such as tamoxifen, which raises 
plasma oestradiol levels two- to eightfold when 
administered daily (20 mg) to premenopausal 
women during the follicular phase of the cycle [ 11, 
121. Contrary to expectation, tamoxifen produces 
similar remission rates in premenopausal and post- 
menopausal patients with advanced disease [ 131. 

A further apparent anomaly is the observed 
regression of postmenopausal breast cancers on the 
administration of large doses of oestrogen [ 14, 151, 
a treatment which would have a disadvantageous 
effect in premenopausal patients, though Kennedy 
[16] achieved tumour regression in pre- and post- 
menopausal women using massive doses of oestro- 
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gens. The reasons for the discrepancy are not under- 
stood but one obvious difference between the two 
groups of patients is the different hormonal milieu 
of postmenopausal women, atrophy of the ovaries 
with the accompanying reduced production of 
oestradiol leading to an increased output ofgonado- 
trophins. Indeed the hypothalamic-pituitary axis 
in postmenopausal women remains intact and an 
excellent response ofthe pituitary to gonadotrophin- 
releasing hormone can be observed, the synthesis 
and release of FSH and LH being unimpaired 
by the ageing process [17]. The question arises, 
therefore, whether or not the levels of gonado- 
trophins in the circulation affect tumour response 
to oestrogen or anti-oestrogen. 

We have attempted to answer this question by 
examining the effects of pregnant mares serum 
gonadotrophin (PMSG) on the response of 7,12- 
dimethylbenz(a)anthracene (DMBA) induced rat 
mammary tumours to treatment with tamoxifen or 
oestrogen. Because of their difficult availability and 
short circulating half lives, rat pituitary FSH and 
LH were considered impractical for this investi- 
gation. PMSG, on the other hand, is readily avail- 
able, possesses substantial levels of both FSH- and 
LH-type activity in the rat [18] and has a long 
circulating half life in rodents [ 191. Intact and 
ovariectomized tumour bearing rats were used as 
models of the pre- and postmenopausal states 
respectively. 

MATERIALS. AND METHODS 

Tumor induction 

Method 1. A solution of 7,12_dimethylbenz- 
(a)anthracene (DMBA; Sigma Chemical Co. Ltd) 
in arachis oil, at a concentration of 10 mg/ml, was 
prepared by stirring at room temperature. A single 
dose of 20 mg (2 ml) was administered by gavage, 
using a blunt ended metal cannula passed into each 
animal’s stomach, to 50-day-old (150 g) conscious, 
virgin, female, Sprague-Dawley rats (Charles River 
strain; ICI plc, Animal Breeding Unit, Alderley 
Park). 

Method 2. Four doses (0.25 ml) of a solution 
of DMBA in sesame oil (20 mg/ml), prepared by 
stirring at room temperature, were administered, as 
in method 1, at weekly intervals to 50-day-old 
(150 g), Category IV Sprague-Dawley rats (Not- 
tingham University Animal Breeding Unit), under 
light ether anaesthesia. 

Rats were examined daily for acute toxic effects 
for 4 weeks following the first DMBA adminis- 
tration and then palpated for mammary tumours at 
weekly intervals. 

Tumour measurement and response 
Tumour response to hormone manipulation was 

assessed by following changes in tumour volume as 
estimated by the formula 4137~13, where r is the 
mean of two radii obtained by measuring externally 
with calipers, two orthogonal diameters, one meas- 
ured across the greatest width. Tumours with a 
mean diameter CO.5 cm were considered too small 
for measurement with an acceptable degree ofaccur- 
acy. Rats bearing tumours not less than 1.0 cm 
mean diameter (2-3 months after first DMBA 
administration) were randomly distributed into 
treatment groups. 

Animals were housed four to a cage in a tempera- 
ture controlled environment with 12 h light, 12 h 
dark and allowed food and water ad libitum. 

Tumours were measured, under light ether anaes- 
thesia, immediately before the first drug adminis- 
tration and then at weekly, or, in the 16 day 
experiments, 4 day intervals. 

Drug preparation and administration 
Solution of tamoxifen (ICI plc, Pharmaceuticals 

Division) and diethylstilboestrol (BDH Ltd) were 
prepared by adding aliquots of an alchoholic sol- 
ution of the drug to a volume of arachis oil to give 
the required dosage in 0.1 ml and evaporating the 
alcohol by gentle warming (60%) under a stream 
ofnitrogen. The solutions were stored in the dark, at 
room temperature for the duration ofan experiment. 

Solutions of pregnant mares serum gonado- 
trophin (PMSG; Paines & Byrne Ltd) were pre- 
pared immediately before administration by adding 
the appropriate volume of sterile water to an 
ampoule containing 6000 iu. Lower concentrations, 
such that the required dose was contained in 0.1 ml, 
were obtained by serial dilution with sterile water. 

All drug solutions were administered subcutan- 
eously through loose folds of skin at the back of the 
neck, two different sites being used for dual drug 
therapy. 

Ovariectomy 
Rats were anaesthetised with ether, a small 

incision made through the skin and abdominal wall 
of each flank, the ovaries tied off with S/O,surgical 
silk and excised. The abdominal wall was restruc- 
tured with 3/O silk surgical suture on an atraumatic 
needle and the skin held together with a 18/8 Michel 
clip. 

Vaginal smears and staining 
Vaginal smears were taken by saline lavage, the 

washings allowed to dry on a microscope slide and 
spray fixed prior to staining by the Papanicolaou 
technique [20]. 

Uterine, intra-uterine&id and paired ovarian weights 
Intact rats, treated for 16 days with PMSG alone 

or together with tamoxifen, were sacrificed on the 
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morning of the 17th day by ether anaesthesia and 
exsanguination via the abdominal aorta. Uteri and 
ovaries were dissected, cleaned of adhering fascia 
and weighed. Intra-uterine fluid weight was deter- 
mined by pressing the uteri between blotting paper 
and reweighing. 

Uteri, ovaries and a portion of each tumour from 
each animal were fixed in formal saline solution and 
sent for histology. 

Plasma oestradiol andprolactin assays 

Oestradiol. Saline diluent was prepared by dis- 
solving sodium chloride (9 g), gelatin (1 g, British 
Drug Houses Ltd) and thiomersal (0.1 g, British 
Drug Houses Ltd) in distilled water (1 1) by warming 
at 60°C and stored at 4’C until required. 

Plasma samples from control (0.5 ml) or PMSG 
treated animals (0.25 ml diluted to 0.5 ml with 
saline diluent) were made alkaline by adding 2 N 
sodium hydroxide solution (50 ~1). Diethyl ether 
(5 ml) was added and, after mixing for 2 min, the 
aqueous layer was frozen. The ether layer was 
pipetted off, evaporated to dryness in a stream of 
air at 40°C and the residue reconstituted in 0.1 ml 
of saline diluent. 

Standards were prepared by extracting saline 
diluent (4 ml), made alkaline with 2 N sodium 
hydroxide (0.4 ml), with diethyl ether (40 ml). Ali- 
quots (5 ml) of the ether extract were evaporated to 
dryness, reconstituted in saline (0.1 ml) and 0.05 ml 
of oestradiol standards (O-150 pg) in saline added. 

Saline dilucnt (0.05 ml) was added to experimen- 
tal samples to maintain a fixed volume. 

Saline diluent (0.1 ml) containing [2,4,6,7- 
“Hloestradiol-17p (8000 cpm, Amersham Inter- 
national plc) was added to each test and standard 
tube and the tubes agitated to ensure thorough 
mixing. Antiserum (100 pl) was added to each tube 
and the mixtures incubated on ice for 150 min. Free 
ligand was removed by incubating at 0°C for 12 min 
with 0.5 ml dextran coated charcoal (0.5% w/v 
charcoal and 0.05% w/v dextran in saline diluent) 
prior to centrifugation at 2000 g. Bound ligand was 
determined by decantation and liquid scintillation 
counting of the supernatant. Stripped plasma 
samples, solvent blanks and low and high oestradiol 
containing controls were used to monitor back- 
ground and solvent effects. 

Prolactin. Plasma prolactin levels were deter- 
mined on 5 p,l samples by the method of Whitaker 
and Robinson [21]. 

Statistical analysis 
Student’s 1 test was used to examine the differ- 

ences in tumour volumes, uterine, intra-uterine fluid 
and paired ovarian weights and plasma oestradiol 
and prolactin levels, as appropriate. Tumour vol- 

umes were transformed to logarithms prior to calcu- 
lating means and standard errors when the range 
of values was inconveniently large for plotting (see 
figures). Analyses of variance and covariance, using 
BMDP Statistical Software [22] packages PlV, 
P2V or P4V as appropriate, were carried out on 
tumour volumes and uterine, intra-uterine fluid and 
paired ovarian weights from the experiment using 
three different doses of PMSG and tamoxifen in 
order to test for overall effects and to test for possible 
interactions. 

RESULTS 
At the commencement of this work, satisfactory 

induction of hormone sensitive tumours, with mini- 
mal animal distress and loss, was achieved by 
administering a single dose of DMBA (20 mg) in 
arachis oil (2 ml) by gavage, but subsequently acute 
toxic symptoms with respiratory distress, low body 
temperature and high mortality in the first week 
following administration was observed. Following 
extensive investigations into DMBA purity, admin- 
istration technique and origin and grade of the 
Sprague-Dawley rats used, the multiple dosage 
technique of Shimkin el al. [23] rather than the 
single dose technique of Huggins et al. [24] was 
adopted and grade IV rats used for all subsequent 
experiments. Using the multiple dosage technique 
the latent period to first tumour appearance was 
59.0 5 1.48 days, which is not markedly dissimilar 
to the 42.8 * 3.16 days reported by Huggins et al. 
[24] but in marked contrast to the 118 + 11.9 days 
to first tumour appearance when a single dose of 
DMBA (20 mg) was administered to the grade IV 
Sprague-Dawley rats. Hormone sensitivity of a 
tumour is related to its age [25], fewer tumours that 
develop after longer periods since DMBA insult 
being frank adenocarcinomas. The multiple dosage 
technique in our hands provided tumours ofsatisfac- 
tory sensitivity, seven out ofeight tumours produced 
by this method, which were growing in size, 
regressed to less than 50% of their original volume 
in 11.2 + 2.6 days following ovariectomy, two 
becoming too small to measure by day 21. On 
subsequent oestradiol administration, three 
tumours doubled in volume in 10 days, those which 
had become too small to measure did not reactivate 
and one tumour remained static in size. Though the 
regression on ovariectomy or tamoxifen (cf. Figs 1 
and 4) was not quite as dramatic as that seen at 
the start of this work when satisfactory tumour 
induction was obtained with a single 20 mg dose of 
DMBA (see Figs 1, 2 and 3), at least one tumour 
was observed on all the animals treated by the 
multiple dosage method and not less than 70% 
developed tumours of usable size. The multiple 
dosage technique was therefore considered to be 
desirable both on grounds of an acceptable level of 
hormone dependency of the tumours and economy 
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i 5 i i 
Week of tumour measurement 

Fig. 1. The mean (-’ S.E.M.) volumes o#DMBA induced mammary 
tumours on intact rats treated for 5 days per week for 5 weeks with (a) 
(X-X) arachis oil (0.1 ml SC, n < 6) and (b) (O---O) tamoxifcn 
(50 kg in 0.1 ml arachis oil SC, n = 5). Tumour volumes, calculated as 
4/3nr’ where r is the average of two orthogonal radii, were determined 2 
days before commencing treatment and then at weekly intervals and are 
expressed as a percentage of the original volume (= 100%). All percentage 
tumour volumes were transformed to logarithms. Tumours too small to 
measure were arbitrarily assigned the smallest dimension (r = 2.5 mm) 
capable of measurement with acceptable accuracy prior to calculations. 
Dayerence from arachis oil control by Student’s t test: *P < 0.05; 

**p < 0.02; tP < 0.01. 

of animal usage. It was used for all the experiments 
involving intact rats with PMSG and/or tamoxifen. 

Administration of low doses (2 or 20 iu twice 
daily) of PMSG to intact tumour bearing rats for 
16 days produced no significant effect (P > 0.2 by 
Student’s t test) on the rate of tumour growth 
(Fig. 4) but increasing the dose to 200 iu twice daily 
produced a significant slowing in tumour growth 
rate (P < 0.05), four out of nine tumours showing 
regression. This tumour regressing effect of high 
doses of PMSG was not seen in the presence of 
tamoxifen. Tumours on intact rats subjected to a 
daily administration of tamoxifen (200 pg) and 
PMSG (200 iu twice daily) continued to grow and 
even 2 iu of PMSG twice daily reversed the tumour 
regressing effect of tamoxifen (Fig. 4). Indeed three 
out of eight tumours on rats treated with tamoxifen 
and 2 iu PMSG twice daily grew very rapidly and 
the rats were sacrificed before the scheduled 16 day 
administration period was completed. Intermediate 
doses of PMSG (20 iu twice daily) with tamoxifen 
(200 pg) appeared to increase tumour growth rate 
compared with tamoxifen treated controls, but 
unlike the 2 and 200 iu doses of PMSG did not 
produce a statistically significant reversal of the 
tumour inhibitory effect of tamoxifen (P > 0.2 com- 
pared with P < 0.05 and < 0.02 respectively for 
the 2 iu and 200 iu doses). 

Highly significant increases in uterine wet weight, 
intrauterine fluid weight and ovarian paired 

i 1 i i i 
Week of tumour measurement 

Fig 2. Tht mean (2 S.E.M.) volumes of DMBA induced mammary 
tumours on ovaritctomized rats treattd for 5 days per week for 5 weeks 
with (a) (X--X) arachis oil (0.1 ml SC; n = 7), (b) (O---O) 
diethylstilboestrol 50 pg in 0.1 ml arachis oil; n < 7), c, (+..+) 
diethylstilbotstrol (50 pg in 0.1 ml arachis oil SC) plus pregnant mares 
serum gonadotrophin ( 100 iu in 0.1 ml sterile water SC; n = 9). Tumour 
volumes, calculated as 4/37~r’, where r is the avtrage of two orthogonal 
radii, were determined 2 days before treatment commenced and then at 
wtekb intervals and are expressed as a percentage of the original tumour 
volume ( = 100%). Tumours too small to measure were arbitrar@ assigned 
the smallest dimension capable of mcasuremtnt with reasonable accuracy 
(r = 2.5 mm). All percentage tumour volumes were transfoonned to 
logarithms prior to statistical calculation. Dtfferences from arachis oil 

control by Student’s t test: *P < 0.05; **P < 0.02; tP < 0.01. 

weights occurred in intact tumour bearing rats 
treated twice daily for 16 days with either 20 iu or 
200 iu of PMSG in the presence or absence of 
tamoxifen (P < 0.001). The only exception to this 
general increase was that of intra-uterine fluid in 
rats treated with 20 iu PMSG alone, which showed 
no significant increase on controls (P > 0.5) 
(Fig. 5). Vaginal smears taken on days 7, 8 and 9 
from PMSG treated animals exhibited some cor- 
nification with few leucocytes and some nucleated 
cells on each day whereas those from all control 
rats were characteristic of rats undergoing normal 
oestrus cycles. Oestradiol and prolactin levels in 
plasma from animals treated with the highest dose 
of PMSG for 14 days were significantly increased 
(P < 0.05) compared with controls, oestradiol being 
281 _+ 6.9 pg/ml and prolactin 660 + 160 ng/ml 
compared with 55 2 6.6 pg/ml and 160 ? 85.6 ng/ 
ml respectively for the controls (n Q 4). 

Analysis of variance and covariance of the data 
summarized in Figs 4 and 5 demonstrated PMSG 



Gonadotrophin and Tamoxzyen Response 1847 

;-- 
“.. I - x* 

y\,, : ‘, 
: 
: 

\q I 
: ’ t___- ** 
: t : 

: 
t 1;__---- .\.. , 

/’ \ 
: ,/ I’ I I ‘.._ 

: ,/ 
I 

. 

I 
\ \ \ \ 

I 
\ 

\ ??

\ 
\ 
\ 
\ I \ 

H-IyI \ \ \ 
E 

I I I 1 

1 2 3 4 5 
Week of tumour measurement 

Fig. 3. The mean (2 S.E.M.) volumes of DMBA induced mammav 
tumours on ovntiectomired rats treated for 5 days per week for 5 meeks 
with (a) (X-X) arachis oil (0. I ml SC; n = 7), (b) (O---O) pregnant 
mares serum gonadotrophin (PMSG, 100 iu in 0. I ml sterile water SC; 
weeks l-3 n = 7, week 4 n = 5, weeks 5 n = 3), (c) (+..+) PMSG 
(100 iu in 0.1 ml sterile water SC) plus tamoxifn (50 )~g in 0.1 ml 

arachis oil SC; weeks l-4 n = IO; week 5 n = 4). Tumour volumes, 
calculated as 4/3&’ where r is the mean of 11~10 orthogonal radii, were 
estimated 2 days prior to commencing treatment and are expressed as a 
percentage of the original tumour volume (= 100%). Tumours too small to 
measure were arbitrarily assigned the smallest dimension capable of 
measurement with an acceptable level of accuracy (r = 0.25 mm). All 
percentage tumour volumes were transformed to logarithms prior to 
statistical calculation. Diff erences from arachis oil control by Student’s t 

test: *P < 0.05, **P < 0.02, tP < 0.01. 

to have a significant dose related effect on tumour 
volume (P = 0.025), uterine weight (P < O.OOl), 
intra-uterine fluid weight (P < 0.001) and paired 
ovarian weights (P < 0.001) but tamoxifen in the 
presence of PMSG had a significant effect on uterine 
weight only (P = 0.0005). The interaction between 
PMSG and tamoxifen was significant only on 
tumour volume (P = 0.049; 0.0033 if tumour vol- 
umes were transformed to logarithms prior to stat- 
istical analysis). 

DISCUSSION 
Administration of PMSG to both intact and ovar- 

iectomized tumour bearing rats appears, in general, 
to be disadvantageous. In ovariectomized animals 
it produced an early slowing of tumour regression 
when given alone or together with either diethylstil- 
boestrol or tamoxifen (Figs 2 and 3). However, 
when given to ovariectomized animals together 
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Fig. 4. Changes in volume (mean + S.E.M.) of DMBA induced 
mammary tumours on intact rats treated (SC) for 16 days mith the stated 
doses of pregnant mares serum gonadotrophin (PMSG) in sterile water 
(0.1 ml) alone or together mith tamoxifn (200 )~g per day) administered 
in arachis oil (0.1 ml), All rats received three injections per day, PMSG 
in sterile water or sterile water alone (0.1 ml) at 9.00 and 16.30 h, and 
tamoxifen in arachis oil or arachis oil alone (0.1 ml) at 9.00 h. Controls 
received sterile water and arachis oil (0) or sterile water and tamox@ in 
arachis oil (V). Responses to PMSG plus arachis oil are designated 
(0), and responses PMSG plus tamoxifcn in arachis oil (0). Tumour 
volumes, calculated as 4/31x’ where r is the mean of two orthogonal radii, 
were estimated immediatebprior to commencing treatment andare expressed 
as a percentage of the original tumour volume (= 100%). Tumours too 
small to measure were arbitrarily assigned the smallest dimension capable 
of measurement mith an acceptable level of accuracy (r = 0.25 mm). 
Differences from sterile water/arachis oil control are indicated 
(*P < 0.05) and differences from sterile water/tamoxifn control 

(tP < 0.05, ttP < 0.02). 

with diethylstilboestrol, it produced a longer term 
disadvantage, mean tumour volume at the end of 5 
weeks being significantly larger than in control 
animals whereas the mean for animals treated with 
diethylstilboestrol alone was not significantly differ- 
ent from control (Fig. 2). The tumour regression 
pattern produced by PMSG plus tamoxifen was 
very similar at first to that seen with PMSG plus 
diethylstilboestrol, but mean tumour volume at the 
end of 5 weeks was not significantly different from 
control. However several animals in the PMSG plus 
tamoxifen treatment group died during the 5th week 
markedly reducing the number oftumours available 
for comparison (Fig. 3). 

The interaction between PMSG and tamoxifen 
was even more marked when the two drugs were 
administered to intact tumour bearing rats, the 
complete reversal of the tamoxifen induced inhi- 
bition of tumour growth produced by a twice daily 
administration of 2 iu of PMSG (Fig. 4) being par- 
ticularly dramatic. With this low dose of PMSG 
there was no evidence of stimulation of oestradiol 
output from the ovaries, there being no increase in 
uterine wet weight, ovarian weight or intra-uterine 
fluid weight (Fig. 5). In contrast, larger doses of 
PMSG (20 or 200 iu twice daily), either alone or 
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5. (A) Uterine wet weight, (B) paired ovarian weight and (C) intra-uterinefluid weight of DMBA induced tumour bearing 
rats treated (SC) for 16 days with the indicated doses of pregnant mares serum gonadotrophin (PM%) in sterile water (0.1 ml) 
alone or together with tamoxifen (200 pg per day) in arachis oil (0.1 ml). All rats received three injections per day, PMSG in 
sterile water or sterile water (0.1 ml) at 9.00 and 16.30 h, and arachir oil alone (0.1 ml) or tamoxifen in arachis oil at 9.00 h. 
Controls received either sterile water and arachis oil (0) or sterile water and tamoxifen in arachis oil (V). Mean (2 S.E.M.) 

responses to PMSGplus arachis oil are indicated (0) and to PMSGplus tamoxifen in arachir oil (V ). 

together with tamoxifen, produced highly signifi- 
cant increases in uterine and ovarian weights con- 
sistent with an increase in oestradiol output. For 
the highest dose of PMSG the highly significant 
increase in plasma oestradiol was accompanied by 
an increase in prolactin levels, both increasing to 
approximately four times control. It is possible that 
the high level of oestradiol in the circulation might 
be responsible for the significantly smaller tumour 
volumes observed on day 16 on intact rats treated 
twice daily with 200 iu of PMSG alone, the high 
level ofoestradiol in the circulation being equivalent 
to the administration of supramaximal doses of 
diethylstilboestrol. The reversal of this control of 
tumour growth by a daily administration of tamox- 
ifen was surprising but serves to emphasize the 
complexities inherent in the hormonal control of 
mammary tumour growth. 

Tamoxifen is known to affect the 
pituitary-gonadal axis but the overall picture is 
complex and differs in pre- and postmenopausal 
women. Significant increases in serum oestradiol 
occur on administration of tamoxifen to premeno- 
pausal women [ 11, 26-281 but findings on gonado- 
trophin levels vary. Numerous workers have 
reported that little change occurs [ 11, 261 or only 
slight elevation [27]. In a review on the pharma- 
cology and clinical use of tamoxifen, Furr and 
Jordan [8] suggested that, though it may be gener- 
ally accepted that tamoxifen produces little change 
in gonadotrophin levels overall, there may yet be 
subtle effects on pulse amplitude and frequency. 

However, an early report by Boyns and Groom [29] 
claimed significant increases in both plasma FSH 
and LH in volunteer premenopausal subjects. More 
recently Manni and Pearson [27] reported increased 
levels of gonadotrophins in two premenopausal 
women with stage IV breast cancer treated for a 
prolonged period with higher than normal doses of 
tamoxifen and Jordan et al. [28] reported three- to 
fivefold increases in circulating FSH compared to 
control cycles of normal female volunteers in young 
patients who had resumed menstrual cycles after 
receiving a short (4 months) course ofchemotherapy 
followed by long term tamoxifen therapy. 

In postmenopausal women the basal levels of 
both FSH and LH fall following treatment with 
tamoxifen but remain within the postmenopausal 
range [30-321. After one month, however, Golder 
et al. [31] found that plasma FSH levels in patients 
who responded to tamoxifen treatment returned to 
pretreatment levels whereas they remained lower 
than pretreatment levels in both responders and 
non-responders. 

The overall picture is complex. The menopausal 
status of the patients, the oestrogen/progesterone 
receptor content of their tumours, the nature and 
duration ofany treatment prior to tamoxifen admin- 
istration, the levels of oestrogenic hormones, pro- 
gesterone and prolactin and the absolute levels of 
gonadotrophins in the circulation may all be of 
significance in determining if tamoxifen therapy is 
effective and changes in circulating hormone levels 
may contribute to the phenomenon of ‘tamoxifen 
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flare’ [33, 341. The results described in this paper response of patients with advanced breast cancer to 
suggest that an increase in gonadotrophin levels, total endocrine ablation following tamoxifen flare 
even though very small and leaving the overall level [35] is consistent with this view of the possible 
within the ‘normal range’, may be disadvantageous relevance of gonadotrophin levels to tumour 
in relation to tamoxifen treatment. The positive response to tamoxifen. 
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