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ABSTRACT

The objective of this study was to do a comparative study of Follicular and letual phase
of inhibins, estrogen, progesterone, LH and FSH. For women in both phases, levels of
inhibin A, inhibin B, estradiol and progesterone decreased after the removal of the
ovaries. Correlation analysis showed that inhibin , estrogen were significantly negatively
correlated in both phases with FSH concentration. Inhibin had negatively correlated in
follicular phase and progesterone had a negative correlation in the luteal phase. In this
paper we consider the exponentiated Weibull family which has a scale parameter and two
shape parameters for the application part. The Weibull family and the exponentiated
exponential family are the particular cases of this family. The distribution has been
compared with the two-parameter Weibull and Gamma distributions with respect to
failure rates. This study showed that ovarian inhibin A and B were cleared from the
circulation within 12 h of oophorectomy, whereas E, and progesterone remain in the
circulation for longer. Negative correlation between FSH, inhibin suggests that inhibins

may contribute to the observed early rise in FSH after the surgical menopause.

1. Introduction

A new family of distributions, namely the exponentiated
exponential distribution was introduced by Gupta [12]. The
family has two-parameters (scale and shape) similar to the
Weibull or Gamma family. Properties of the distribution were
studied by Gupta and Kundu [12]. They observed that many
properties of the new family are similar to those of the
Weibull or Gamma family. Hence the distribution can be used
as an alternative to a Weibull or Gamma distribution. The
two-parameter Weibull and Gamma distributions are the most
popular distributions used for analyzing life time data. The
Gamma distribution has wide applications other than that in
survival analysis. However, its major drawback is that its
survival function cannot be obtained in a closed form unless
the shape parameter is an integer. This makes the Gamma
distribution a little less popular than the Weibull distribution,
whose survival function and failure rate have very simple and
easy-to-study forms. In recent years the Weibull distribution
has become rather popular in analyzing life time data because
in the presence of censoring it is very easy to handle.

In this paper we consider the exponentiated Weibull
family that was introduced by Mudholkar and Srivastava [7].
It has a scale parameter and two shape parameters. The
Weibull family and the exponentiated exponential family are
found to be particular cases of this family. The distribution
has been compared with the two-parameter Weibull and
Gamma distributions with respect to failure rates. Finally the
distribution has been fitted to a real life data and the fit has
been found to be good.
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2. Exponentiated Weibull Distribution
The Exponentiated Weibull (EW) distribution is

defined in the following way. It has distribution function
given by
G, (2) = [1 — exp{—(12)"}%,2>0,4, &, v>0, (€h)

And therefore its probability density function (pdf) is of
the form
822 = avd’z7 1 — exp {—(A2) "% L exp{—(A2) ¥}, 220

The corresponding survival function is
5.2 =1-[1-exp{-(a2"}]"=
and the failure rate is
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Here (e, +) denote the shape parameters and . is the scale
parameter. For i =1, it represents the exponentiated
exponential [EE] family, and for « =1, it represents the
Weibull family. Thus, EW is a generalization of the
exponentiated exponential family as well as the Weibull
family. EW distribution also has a very nice physical
interpretation. If there are n components in a parallel system
and the life times of the components are independently and
identically distributed as EW, then the system life time is also
EW.

Let us consider Gamma and Weibull distributions with
scale parameters 1 and shape parameter & = ay:

2 e x= 0
£ (x) =1_:.m.r° Lexp(—Ax)
Fr () = 64%x5Lexp(—Ax)E, X= 0
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Thus the failure rate of EW behaves more like the failure
rate of the Weibull distribution than the Gamma distribution.
3. Applications

Dimeric inhibins and activins were initially characterized
as gonadal glycoprotein hormones regulating Pituitary FSH
secretion. In addition to the ovary there are reports
confirming extragonadal sources (e.g. adrenal, bone marrow,
placenta, embryonic tissue, pituitary) of inhibin/activin
subunits and follistatin mMRNA expression [9]. In reproductive
ageing , circulating concentrations of inhibin decreases with
increasing age and disappear after menopause in women. This
is evidence that the ovary produces inhibins. Previous studies
have shown that, after bilateral oophorectomy, in cycling
women levels of FSH rise earlier than H, suggesting that FSH
is more sensitive to ovarian feedback [1]. Metabolic clearance
studies show that secretion rates of FSH and H are higher
during the follicular phase than during the luteal phase of the
cycle [3,8].Yen and Tsai reported that immediately after the
surgical removal of the ovaries, FSH and LH concentrations
rose rapidly in the follicular phase whereas in the luteal phase
concentrations rose slowly [16].

The net increase in serum FSH was higher than that in
serum H after surgery in both phases of the cycle [15]. In
reproductive ageing , there is no clear relationship between
increasing FSH and circulating estrogen until the menopause.
In this study we investigate the endocrine mechanis involved
in the rapid rise in FSH at the menopause induced by surgery.
The gradual decline in circulating inhibins in the years
preceeding the menopause, their absence in post-menopause
women and the reduction of inhibins that is significant after
bilateral oophorectomy are indications that ovaries are the
predominant source of circulating inhibins in pre-menopausal
women[2,3]. The objectives on this study is to confirm the
source of inhibin in cycling women and their disappearance
after the removal of the source; and to study the endocrine
feedback relationship between FSH, inhibins, estrogen and
progesterone at surgical menopause.

3(a) Follicular phase

Mean inhibin A and inhibin B levels were 11+4 and
173.5+46 pg/ml respectively in the early follicular phase.
Inhibin A and inhibin B levels decreased rapidly and were
below the limit of detection after 12 h [inhibin A<2 pg/ml (P
< 0.05) and inhibin B 16 pg/ml] of bilateral oophorectomy in
women who had surgery in their early follicular phase (day
3-8; Figure la). Mean serum E2 level was 0.171 +0.06
nmol/l in the patients. Estradiol levels fell rapidly within the
first 6 h of surgery and then levels were stable after 6 h
(0.028-0.042 nmol/l) until the end of the study period (Figure
1b). Mean progesterone level was 3.76 + 0.84 nmol/l in the
early follicular phase patients.
Inhibins in menopause

Serum progesterone levels were not significantly altered
for the first 6 h and then levels decreased until the end of the
study (0.48+ 0.1 nmol/l) (P < 0.001; Figure 1b). Mean serum
FSH was 6.3 + 1.6mIU/ml; the levels did not significantly
change until 6 h post surgery, after which there was a 2-fold
rise between 12 and 24h followed by a progressive rise
throughout the 3 day study period. By the end of the study,
mean FSH had risen by ~5 fold (P< 0.01, Figures 1c and 2a).
There was a trend of rising LH levels after 24 h of surgery
(Figures 1c and 2b) that was not significant.
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Figure 1. Mean + SEM serum concentrations of (a) inhibin A
and inhibin B (b) estradiol and progesterone and (c) FSH and
LH before and after surgical menopause in the follicular
phase (n =5). One-way analysis of variance was carried out to
investigate the time-dependent changes in concentration. NS
= not significant.
3(b) Luteal phase

Mean inhibin A levels were 28.3 + 7 pg/ml and the
mean inhibin B levels were just above the detection limit
(18.5+ 5 pg/ml) in the luteal phase patients (day 16-23).
Inhibin A levels fell rapidly within the first 2 h and the levels
were below the limit of detection after 12 h (P< 0.001).
Inhibin B levels fell below the limit of detection (15 pg/ml)
within 30 min of bilateral oophorectomy in women who had
their surgery in their luteal phase (Figure 2a). The mean
serum E2 and progesterone levels were 0.23+ 0.06 and 26+4
nmol/l respectively. Estradiol and progesterone levels fell
rapidly within the first hour and continued to fall throughout
the study period (P<0.001; Figure 2b). Mean serum FSH was
2.561 0.24 mlU/ml. There was a rise in FSH levels after 6 h
and then the levels were similar between 12 and 24 h. Again
there was a steady rise after 24 h until 3 days after surgery
(~5-fold; P < 0.001, Figures 2¢ and 2a). There was a trend of
rising LH levels after 24 h of surgical menopause; the
changes in LH concentration were not significantly altered
(Figures 2c and 2b).
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Figure2.Mean +SEM serum concentrations of (a) inhibin
A and inhibin B, (b) estradiol progesterone and (c) FSH and
LH before and after surgical menopause in the luteal phase (n
=5). One-way analysis of variance was carried out to
investigate the timedependent changes in concentration. NS =
not significant.
3. Methods

Materials and methods Study design Regularly cycling
women between the ages of 42 and 47 years (n= 5, follicular
phase; n = 5, luteal phase) with day 1-5 FSH levels <10
miU/ml were recruited for the study. All women had
oophorectomy for non-ovarian pathology and were not on any
hormonal therapy prior to surgery. One blood sample was
taken before the removal of the ovaries. At surgery the time
interval between the removal of one ovary and the removal of
the second was ~5 min. The index time for ‘time zero’ was
the removal of the second ovary. Samples were then taken
every 15 min from time zero up to 1 h, hourly up to 6 h, after
12 h and daily during their hospital stay (~4 days). On day 3,
some women were started on hormone replacement therapy
(n=4). Therefore the time dependent changes in hormones
were studied until 3 days after surgery.
4. Discussion

Several studies have investigated the changes in inhibin
A, inhibin B and FSH and have shown that inhibin B is a
marker of ovarian follicular reserve and that both inhibins
decrease in reproductive ageing [2,5,13,14].

These studies provide evidence that the ovaries produce
inhibins. This is the first study to investigate the dynamic
changes in inhibin A and inhibin B after surgical menopause.
These data show that inhibin A and B are cleared from
circulation within 12 h of bilateral oophorectomy, confirming
the ovary as the predominant source for these circulatory
proteins in normal cycling women. However, the presence of
inhibin/activin subunit proteins in extragonadal tissue has
been reported previously [9], suggesting that extragonadal
inhibins may act locally without making a significant
contribution to the systemic circulation. It is clear that soon
after the removal of the ovary, inhibin A and inhibin B
rapidly decrease in the circulation. Data show that the time
taken to reach half-maximal concentration in the circulation
(maximal concentration the concentration before surgery)
after surgical castration for inhibin A, inhibin B and E; in the
follicular phase was 60, 45 and 60 min respectively, whereas
in the luteal phase, half-maximal concentrations in the
circulation were achieved for inhibin A, E, and progesterone
after 60, 30 and 15 min respectively post castration,
suggesting that E, and progesterone were cleared faster in the
luteal phase. We speculate that after the removal of the
ovaries and the fall in inhibins, E, and progesterone increases
the synthesis of FSH followed by increased FSH release. If
there was a surge in the release of FSH from a pre-
synthesized stored pool, concentrations would have risen with
falling concentrations of inhibins and E, within the first few
hours after surgery. However, although the magnitude of rise
of FSH in the follicular phase was similar to the rise in the
luteal phase, the absolute concentration of FSH was 2-fold
higher in women who had surgical castration in their
follicular phase, suggesting that the pituitary gland is more
sensitive to negative feedback in the follicular phase. Mean
LH levels started to rise within the study period but the rise
was not significant, confirming a previous study which
showed that FSH is more sensitive to negative feedback than
LH [16].

The acute changes in inhibin concentrations in this study
are consistent with our previous observation in first trimester
pregnancy termination [10]. However, the mechanism(s) by
which inhibins are cleared from the circulation is yet to be
elucidated. It will be interesting to measure these proteins in
urine samples to investigate if they are cleared by the kidney.
We have studied the temporal relationship between FSH rise
and fall of inhibins, E, and progesterone after menopause.
The relationship between E, and FSH/LH (but not inhibins)
has been studied by other groups in the past [4,8,16]. This is
the first study to investigate the relationship between the
acute changes in FSH and inhibins in women at surgical
menopause. The correlation analysis shows a significant
negative correlation between inhibin A and FSH in both
phases of the cycle, whilst inhibin B levels were negatively
correlated with FSH in the follicular phase. This indicates that
inhibin B is involved in controlling FSH in the follicular
phase whereas inhibin A has a negative feedback role on
pituitary FSH suppression in both phases of the cycle. Our
observation is consistent with previous studies that have
suggested a negative feedback role for inhibin B on FSH in
the follicular phase [6]. Inhibin B levels were very low in the
luteal phase, as expected. Hence, a lack of a demonstrable
relationship between FSH and inhibin B in the luteal phase
was not surprising. As in the previous studies, falling E,
levels were significantly related to the rising FSH in both
phases of the cycle.
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In the luteal phase, falling progesterone levels were also
negatively correlated with the FSH rise, suggesting that FSH
is regulated by inhibin A, E; and progesterone in the luteal
phase and by inhibin A and B and E; in the follicular phase.
However, we are aware that correlation analysis should not be
used to evaluate a cause-and-effect relationship. A previous
study reported that the effect of oral conjugated estrogens
(commencing 1 week after surgery) increased the E,
concentrations in circulation but did not suppress FSH to pre-
menopausal levels until 2.5 mg (achieving circulating E;
levels above pre-menopausal levels) was administered [15].
Our preliminary observations suggest that concentrations of
FSH did not fall significantly 1 day after estrogen
replacement therapy in our patients. However, these
observations are preliminary and future studies have been
planned to investigate the changes in FSH with estrogen
replacement in the patients who have had surgical menopause
and to analyze the relative contribution of inhibins and E, on
controlling pituitary FSH. In summary, this study confirms
the ovary as the predominant source for circulating inhibins
in normal cycling women. The rise in FSH after surgical
menopause is caused by the fall in inhibins, estradiol and
progesterone after ovariectomy. The time lag between the fall
of the levels of ovarian inhibitors in the circulation and the
rise of serum FSH may be due to the time taken for the up-
regulation of FSH synthesis before release.

Mathematical Figures

probability distribution function
M 1
E 08 |
* 06 |
B —#— Inhibin
5 04 -
& 02 L i = Estradiol/progestrone
e, =L LH/FSH
1234567 8911011213
Time in Hrs
Figure A.
12 Survival
1 -
T
2oz
i
I 06 ~4—inhibin
J
2 04 4 ~f—estrogen/ progestrone
® g2 - LH/FsH
0 T
1234567 8510111213
Time in Hrs
Figure B.
Failure rate
16
14 LN
B2
£
o
508 3‘? \ —4—inhibin
2 06
E 0a -\\ ] == gstrozen progestrone
0z = LH/FSH
0 b
1234567 8 9510111213
Time in Hrs

Figure C.

probability distribution function
a7

06 - &

[ \
| 04 1‘ A
% 0z ‘\ —4#—inhibin

- 02 ~f-Estrozen/progestrone
01 LH/FSH
c T ET T T T TN T TH

1234567 3951011121314

Time in Hrs
Figure D.
Survival
12
1 Lt
E og || \
Zos I ‘.\ —a—inhibin
% 04 -4‘ =@—Estrogen/Progestrane
oz LH/FEH
:' T T T T T TakT T L LT T 'Il'"l!'"|
1234567 831011121314
Time in Hrs
Figure E.
Failure rate
2
g 15 )
£ \
2 —4—Inhibin
z o .—kl"_'\ ——Estrogen/progestrone
- - ™
c '_I_I_l_l_ll 4 T - 4 4l U U LHIIIIFSH
123465678 31011121314
Time in Hrs
Figure F.

6. Conclusion

A comparative study of Follicular and luteal phase of
inhibins, estrogen, progesterone, LH and FSH for women in
both phases i.e Follicular and Luteal phase was done. The
medical curves shows only fluctuations of levels of inhibin A,
inhibin B, estradiol and progesterone in Follicular phase, also
we could see from the figures that the FSH and LH levels are
increasing in follicular phase and Luteal phase. The
mathematical curves [Figure A-F]was found using the
Weibull family and the exponentiated exponential family The
distribution has been compared with the two-parameter
Weibull and Gamma distributions with respect to failure rates
decreased after the removal of the ovaries. The mathematical
curves[Figure A-F] show a monotonically decreasing curves
for the Inhibin, Estrogen, progesterone , LH and FSH levels
in both follicular and Luteal phase . This study confirms that
the ovary as the predominant source for circulating inhibins
in normal cycling women. The rise in FSH after surgical
menopause is caused by the fall in inhibins , estradiol and
progesterone after ovariectomy. The time lag between the fall
of the levels of ovarian inhibitors in the circulation and the
rise of serum FSH may be due to the time taken for the up-
regulation of FSH synthesis before release.
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