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SUMMARY

Circulating concentration of the LH, FSH, prolactin (PRL), oestradiol-17
beta (E2) and progesterone (P) in serum were investigated in women with
normal cycles and proven fertility, with irregular cycles and infertility and with
primary or secondary amenorrhea in order to understand the relationship of the
prolactin and gonadotrophic hormens in regulationof the ovarian function.

The results indicate that hyperprolactinemia inhibits the pituitary to release
the midcycle LH surge in response to the positive feedback action of the
elevated oestrogen at the midcycle. The elevated LH and FSH levels found in
the cases of the secondary amenorrhea is the indication of the absence of the
steroid negative feedback due to the ovarian failure. Prolactin does not seem to
playa role on the manifestationof either primaryor secondary amenorrhea.

INTRODUCTION

Besides the regulatory actions of LH and FSH, prolactin is also found to
exert important role on the gonodal function. It has been established that
hyperprolactinemiais one of the commoncauses of amenorrhea1,2 despiteof
the relativelyconstant prolactin level throughout the menstrualcycle. 3,4

As mentioned above amenorrhea, whether primary or secondary, is
complicated disorder which involves various endocrinological, genetical,
anatomical and also psychological5 functions and interactions. While it is
difficult to reverse the genetic disorders, such conditions as hypogonadotrophic
disorders, specially the reversible hypogonadotropism, have been successfully
treated by giving GnRH or gonadotrophic preparations, ego HCG, HMG, LH,
FSH6 and bromocriptine, a dopamine receptor antagonist, in the cases of
proven hyperprolactinemia.

Thus it is essential to understand the inter-relationship of the endocrine
actions of LH,FSH, prolactin and ovarian steroids in order to develop a suitable
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treatment regimen for a given case. On the other hand, the s~e of the prolactin
action, .whether at the pituitary gland or at the ovary, and its temporal
antagonistic or synergistic interaction with the gonadotrphic hormones and
ovarian steroids are not clearly elucidated yet. This study is directed towards the
understanding of these problems.

MATERIALS AND METHODS

Subjects

Four groups of women were studied as described below. For the women
included in the Groups. 2,3, and 4 Barr bodies in the buccal smears were
examined to ensure genotypic female sex.

Group 1

Married women with normal menstrual cycle and proven fertility without any
history of contraceptive application were included in this group: N=5, Age in
years = 28.41 :t 3.67, M :t SO;BIM=21.4 :t 4, M :t SO. This group is defined as
normal.

Group 2

Married women, having at least three years of married life, with irregular
menstrual cycle and without any offspring and without any history of
contraceptive application were included in this group: N=10, Age in years =
29.67 :t 5.1, M :t SO; BMI = 20.89 :t 1.52, M :t SO. This group is defined as
irregular.

Group 3

Women with properly developed female secondary sex characters and
positive Barr bodies in buccal smear but without any onset of menarchy were
includedin this group:N=10,Age in years= 24.2:t 2.3, M :t SO; BMI = 21.82 :t
1.9, M:t SO. This group is defined as primary amenorrhea.

Group 4

Women with properly developed female secondary sex characters and
positive Barr bodies in buccal smear and with history of the onset of menarchy
but presently having amenorrhea at least for last one year were included in this
group: N=10, Age in years = 26.7 :t 4.3, M :t SO. This group is defined as
secondary amenorrhea.
2
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Basal body temperature
Basal body temperature charts were given out to all subjects who are

included in the study with advice to take morning temperature soon after awake
before getting up from the bed for three consecutive menstrual cycle or for 90
days. However, unfortunately this regimen was mostly neglected or forgotten by
the subjects.

Hormonal profiles
For the investigation of the hormonal profiles of LH, FSH, progesterone,

oestradiol-17 beta and prolactin the blood samples were collected by
venepuncture of the arm vein on the Days 6,9,12,14,16,21,23, and 25 of the
menstrual cycle counting the first day of bleeding as Day 1. This scheme was
applicable to normal (Group 1) and irregular (Group 2) subjects. In the cases of
primary and secondary amenorrhea the day of the blood sampling cannot be
correlated with any particular day or time of the cycle as they were not at all
cycling. The blood was collected between 8 a.m and 9 a.m in every occasion.
The original design to follow three consecutive menstrual cycles or for 90 days
in the cases of irregular period and primary or secondary amenorrhea could not
be maintained due to heavy drop out and hesitation of the volunteers. Therefore
only a follow up for a complete menstrualcycle was successfullycarried out.

Laboratory methods
Serum concentrations of the hormones- progesterone, oestradiol-17 beta

were determined by radioimmunoassays and LH, FSH, and prolactin by
immunoradiometric assays using commercial kits purchased from Biomerieux
(France).

RESULTS

Oestradiol -17 beta (E2)
In normal cycling women with proven fertility the serum concentrations of

the E2 varied from 25 to 95 pg/ml with a mean value of 47.46:t 12.23 (M :t SEM)
pg/ml. The E2 values gradually increased during the follicular phase reaching a
peak value within a range of 400 to 700 pg/ml having a mean value 538 :t 40.38
(M :t SEM) pg/ml at midcycle which may be the Day 14 or 15 or 16 of the
menstrual period. During the luteal phase the hormone concentrations
decreased and by Day 25 reached the values observed in the early follicular
phase (Fig. 1 and 3).
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600 Figure 1

500

Fig. 1. The serum concentrations of LH, FSH, PRL (prolactin), E2 (oestradiol-17 beta)
and P (progesterone) during the menstrual cycle in women with normal cycle and proven
fertility. LH (MIU/ml) XnX,FSH (MIU/ml) 3--3, E2 (pg/ml) ...._.
P (ng/ml) OnO, PRL (uIU/ml)dotted area -:-:.
The points given are the means with standard errors in vertical bars. The dotted area
represents the area of one standard error around the mean.
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In contrast to this, in women with irregular period and infertility the E2
values were found higher ranging from 120 to 400 pg/ml having a mean value
of 201.75 1: 29.88 (M 1: SEM) pg/ml during the first haUof the follicular phase.
The elevation of the E2 concentrationswas found with two peaks- one at Day 12
and another smaller peak at Day 16. During the midcycle, of the Days 12,14 and
16 fluctuation of the E2 values between 150 to 900 pg/ml was observed with
great individual variations. Again in the luteal phase .the E2 values remained
relatively high in general with individual variation ranging from 100 to 600
pg/ml. Thus there observed higher basal values with lesser incremental peaks
(Fig. 2 and 3a).
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Fig. 2. The serum concentrations of LH, FSH. PRL (prolactin). E2 (oestradiol-1? beta) and P (progesteroM)
during the menstrualcycle Inwomenwith Irregularcycle and Infertihty
LH(mIU/ml)X.-X,FSH(mIU/ml)18--\'ij .E2(pg!ml) 8-_8
P (ng/ml) 0000, PRL (uIU/ml) doned a.ea ::.
The points given are the means with .standard errors In vertical bars. The doned area represents area of one
standard error around the mean.

100

5



Bangladesh Med. Res. Counc. Bull. June, 1990

Figur 3
600 3a

o
30

E 400---
0>
Cl..

C\J
W

200

20

E---
0>
c10

0....

o

1
1
6

1
9

days

I I I
12 1416
of cycle

I I I
21 23 25

Fig. 3. The serum concentrations of E2 (oestradiol-17 beta, pg/ml). and P
(progesterone,ng/ml) inwomen with normal or irregularcycles or amenorrhea.

Women with normal cycle 0--0, women with irregular cycle , women with
primary or secondary amenorrhea - dotted area:-:.:.

The points given are the means with standard errors in vertical bars. The dotted
areas represent area of one standard error around the mean.
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In the cases of the primary or secondary amenorrhea there observed the
values ranging from 20 to 500 pg/ml exhibiting a mean value of 200 :t 50 (M :t
SEM) pg/ml, with great individual variations. No elevation or suppression was
found (Fig. 3a).

Progesterone (P)
In normal cycling women with proven fertility the serum concentrations of

the progesterone varies from 0.1 to 1.2 ng/ml during the first seven days of the
menstrual cycle with a mean value of 0.62 :t 0.21 (M :t SEM) ng/ml. After the
Day 12 the value increased and reached a mean value of 23.99 :t 4.26 (M :t
SEM) ng/ml with a range of 10 to 35 ng/ml at Day 16. This value was maintained
up to Day 21. Afterwards it declined reaching a mean value of 9.0 :t 1.67 (M :t
SEM) ng/ml on Day 25.

In infertile women with irregular period the progesterone value varied from
0.1 to 1.0 ng/ml during the first half of the follicular phase, having a mean value
of 0.39 :t 0.10 (M :t SEM) ng/ml. This mean value was significantly lower (
P<0.05) than that observed in the fertile women with normal cycles. The
concentrations of progesterone increased from Day 9 onwards forming a
plateau from Day 14 to 21. However, the mean value 12.8 :t 2.05 (M:tSEM)
ng/ml at Day 21 was lower than that (24.54 :t3.91 (M :t SEM) ng/ml) observed in
normal fertile women on the same day of the cycle (Fig. 2 and 3a).

In contrast, in the cases of primary or secondary amenorrhea,
progesterone concentrations were found to range from 0.1 to 1.2 ng/ml with a
mean value of 0.37:t 0.11 (M:t SEM) ng/ml (Fig. 3b).

LH

In normal cycling women with proven fertility the LH pattern was found to
correspond to that of the E2. During the early follicular phase the LH in
circulation ranged from 5 to 10 MIU/ml with a mean value of 7.16 :t 0.78 (M :t
SEM) MIU/ml. Increase in the LH level was observed on the Day 9 and it
continued to rise reaching peak values ranging from 20 to 45 MIU/ml having a
mean value of 34.15 :t 6.09 (M :t SEM) MIU/ml on the Day 16. Then it dropped
sharply down to 12.0+2.42 (M :t SEM) MIU/ml on Day 21 and to 6.32 :t 0.94 (M :t
SEM) MIU/ml by Day 25 (Fig. 1 and 4a).

No such sharp elevation or prominent midcycle peak of LH was observed
in women with irregular period and infertility. The hormone values were 7.3 :t
4.7(M :t SEM) MIU/ml on day 6, 14.65 :t 4.64 (M :t SEM) MIU/ml being highest
on Day 14 and 6.42:t 0.83(M :t SEM) MIU/ml on Day 25 (Fig. 2 and 4b).
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Fig. 4. The serum concentrations of LH and FSH in women with normal or irregular cycles or with
secondary or primary amenorrhea.
Women with normal cycle 0--0, women with irregular cylce , women with primaryamenorrhea -
dotted area:-:-: women with secondary amenorrhea - area with dashes :~ .
The points given are the means with standard errors in vertical bars. T~ dotted area or area with
dashes represents onE! standard error around the mean.
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In the cases of the primary or secondary amenorrhea there observed no
elevation or peaking of LH. The hormone concentrations fluctuated between 1
to 50 MIU/mlhavinga meanvalueof 15.83:!::5.23 (M :!::SEM)MIU/mlin primary
amenorrhea cases. In the secondary amenorrhea cases LH ranged from 4 to 85
MIU/mlwith a meanvalueof 28.05 :!::7.63 (M :!::SEM)MIU/mlwhichwas higher
than that found in the normal women without any statistical significance (Fig.
4a).

FSH

This patterns of the circulating FSH concentrations were found to
correspond to that of LH in all four groups of the women studied. In women with
normal cycle and proven fertility serum FSH concentrations were found to range
from 5 to 7 MIU/mlwith a meanvalueof 6.73 :!::0.29 (M :t SEM) MIU/mlduring
the first half of the follicular phase. It gradually increased reaching a range from
8 to 35 MIU/ml with a mean value of 22.08 :t 6.07(M :t SEM) MIU/ml on the Day
16. A fall was observed during the luteal phase reaching a range from 3 to 6
MIU/mlwith a meanvalueof 4.47 :!::0.56 (M :!::SEM)MIU/mlon Day 25 (Fig. 1
and 4a).

In the cases of women with irregular period and infertility there did not
observe any sharp rise of the FSH levels. The values were found to' range from
3 to 12 MIU/ml with a mean value of 6.78 :t 0.85 (M :t SEM) MIU/ml during the
first week of the cycle, from 4 to 11 MIU/ml with a mean value of 7.44 :t 0.64 (M :!::

SEM) MIU/ml of Day 16, and from 2 to 9 MIU/ml with a mean value of 5.34 :!::

0.61 ( M :!::SEM) MIU/ml on Day 25 ( Fig.2 and 4b).

In the cases of the primary or secondary amenorrhea no cyclic fluctuation
of the serum FSH values was observed. The FSH levels in the cases of primary
amenorrhea varied ranging from 1 to 47 MIU/ml having a mean value of 11.36 :t
4.18 (M :!::SEM)MIU/ml.In the casesof secondaryamenorrheathe valueswere
found to range from 3 to 90 MIU/ml having a mean value of 23.75 (M :t SEM)
MIU/ml. This mean value, though higher than that of the primary amenorrhea
group, was found to bear no statisticalsignificance (Fig. 4b).

Prolactin (PAL)
The serum prolactin values were found to range from 150 to 300 MIU/ml

with a meanvalue of 216.4:t 24.91(M :!::SEM)MIU/mlin normallycyclingand
fertile women (Fig. 1 and 5), from 300 to 900 ulU/ml with a mean value of 575.71
:!::81.85 (M :t SEM)ulU/ml in womenwith irregularperiodand infertility(Fig. 2
and 5), from 80 to 450 ulU/ml with a mean value of 267.7 :t 16.15 (M :t SEM)
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ulU/ml in the cases of primary amenorrhea (Fig. 5) and from 100 to 600 ulU/ml
with a mean value of 295.90 :t 4.26 (M:t SEM) ulU/mlin the cases of secondary
amenorrhea (Fig.5).
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Fig. 5. The serum concentratIOnsof PRL (prolactin) in women with normal cycle (N), irregular
cycle (IR), primary amenorrhea(PAr and secondary amenorrhea(SA). The points given are the
Individualvalues. The horIZontalbars indicate the means. The dotted area representsone standard
error around the mean. The values given are those found on the Day 6 of the normal or irregular
cyclesandtherandomvaluesfortheprimaryandsecondaryamenormea.
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Basal body temperature
The basal body temperature at the time _ofawake in the morning was found

to be 36.6 °c in women with either normal or irreaular cycles. In normal cycling
women the temperature was found to rise to 36.a1lC on Days 12 and 13 with a
drop back to 36.6 °c on Days 14 and 15. This fluctuation was the indication of
occurrence of ovulation. From the Day 16 onwards the temperature rose
steadily and maintained at 37.10C from Days 21 to 29. On the Day 30 the
temperature came down back to 36.60 C marking the onset of new menstrual
cycle (Fig. 6a).
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Fig. 6. Basal body temperaturecharts. (a) normal cycle. Indicatesovulation (DAY 14) or beginning
ofnewcycle(DAY30);(b)Irregularcycle;(c)primaryorsecondaryamenorrhea.

11

)(

)(

)(

)(

)(

)(

)(
)(

)(

)(

)(

)(

)(

)(

)(
)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(
)(
)( :§:
)(

)(

)(

)(

)(

)(

)(
)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

:
)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(

)(



Bangladesh Med. Res. Counc. Bull. June 1990

In the cases of women w~h irregular cycle such fluctuation was observed
on Days 7,8,13 and 14. From Day 16 onwards the temperature was maintained
at 37.10Cup to Day 45 (Fig. 6b).

The basal body temperature in the cases of the primary amenorrhea was
found to maintain at 37.10Cwithout any fluctuationfor 30 days (Fig. 6c).

LH:FSH

The ratios of the LH and FSH (LH:FSH) are given in the Table I. The
LH:FSH ratio observed on the Day 6 of the normal cycle should be taken as the
normal basal ratio. Thus, the ratios observed during the irregular cycle and the
secondary amenorrhea were higher than the normal basal ratio whilst that
found for the primary amenorrhea is about the same with the normalbasal ratio.

DISCUSSION

In the present study the observed hormonal patterns of LH,FSH,
progesterone, oestradiol-17 beta and prolactin alongwith the basal body
temperature in women with normal menstrual cycle and proven fertility are in
good agreementwith the previousfindings.11-13

12

Table I: LH and FSH ratio (LH:FSH,Mean ::J: StandardError) in womenwith
normal or abnormal menstrual cycles.

Days of cycle Unspecified 6 9 12 14 16 21 23 25

Subjects

Normal -- 1.08 1.95 1.72 1.50 1.89 1.60 1.48 1.41

cycle :J: 0.13 :J: 0.59 :J:0.09 :J:0.39 :J:0.47 :J:0.14 :J: 0.18 :J:0.11

Irregular -- 1.49 1.68 1.66 1.74 1.58 1.60 1.31 1.35

cycle :J:0.36 :J:0.31 :J:0.4O :J:0.48 :J:0.26 :J:0.42 :J:0.25 :J:0.26

Primary
Amenorrhea 118

:J: 0.14

Secondary

Amenorrhea 1.65

:J:0.31
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As evidence from the results in the cases of women with irregular period
and infertility the most significant characteristics could be attributed to the high
levels of the oestrogen and prolactin while those of LH, FSH and progesterone
remain normal during the first week of the follicular phase. The elevation of the
oestrogen at Day 12 indicates the growth of the follicles under the action of the
FSH. The rise on the Day 12 of oestrogen reaching a mean value around 400
pg/ml is sufficiently high enough to trigger a LH surge. However, the failure of
LH as well as FSH to increase at the midcycle following the rise of the oestrogen
indicates the irresponsiveness of the pituitary gland to the positive feedback
action of the oestrogen known to exert at this concentration and at time of the
cycle. This irresponsiveness of the pituitary could probably be the result of the
action of high prolactin levels. This is one reason which explains the occurrence
of LH surge and ovulation when the prolactin in hyperprolactinemic women is
suppressed down with the administrationof bromocriptine. 7-10

When the hyperprolactin secretion is checked by the bromocriptine normal
positive feedback action of oestrogen is restored and ovulatory surge of LH
occurs.14 At the same time the importance of the disordered GnRH (LHRH)
secretion should also be considered. Induction of ovulation in hyper-
prolactinemic women using pulsatile GnRH therapy has become an established
practice15-17.Most interestingly, during the pulsatile GnRH therapy restoration
of normal prolactin secretory pattern is not required. Similarly pulsatile
administration of gonadotrophins has been successful in bringing about
ovulation18. Thus it is evidenced that restoration of the pulsatile patterns of the
GnRH or the gonadotrophins even in the presence of high prolactin level could
normalize the ovulatory response of LH to the positive feedback action of the
oestrogen.

The oestradiol-17 beta levels (100-230 pg/ml) observed in the first week of
the follicular phase in these women with irregular period and infertility fall in the
range of the luteal phase values. It is probable in these women that the follicular
development remains incomplete and ovum maturation is not accomplished.
This may be referred as a prolonged follicular phase in contrast to the
pseudopregnancy or prolonged luteal phase in which progesterone levels
remain high.

On the other hand the basal body temperature pattern in these women at
the midcycle is somewhat indicative of occurrence of ovulation. However,
absence of the midcycle LH surge and subsequent rise of progesterone argues
strongly against it. Since the increase of the basal body temperature is a
response to the thermogenic effect of progesterone19 it is expected that the

13
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basal temperature would fall as the progesterone levels decline. However, it is
not so in the present observation. In overall considerations it must be taken that
basal body temperature actually is not reliable parameter to determine the
ovarian function and ovulation during the menstrual cycle. Similarly, LH and
FSH ratios (LH:FSH)do not render a strong basis for any clinical diagnosis of
the fertilitystatus.

On the basis of the modestly high level of LH and FSH level observed in
women with primary amenorrhea it is reasonable to assume that pituitary
function is intact in them. Since primary amenorrhea could be endocrinologicaly
interpreted as a failure of puberty onset it is reasonable to assume that the
disorder lies either with the hypothalamus or higher centres of the central
nervous system ( ego the areas of limbic system) which are sensitive to the
oestrogenic action20.

In contrast the observation in the cases of secondary amenorrhea of low
ovarian steroids levels with high LH and FSH concentrations indicates the
ovarian failurewiththe hypothalamo-hypophysealaxis functionallyintact.

The prolactin values in the cases of primary or secondary amenorrhea are
in the range of those observed in women with normal menstrual cycle and
proven fertility.In the lightof this, it is reasonable to conclude that prolactin does
not exert any critical physiological influence on the manifestation of primary or
secondary amenorrhea.
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