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Abstract : The study was done to investigate the effects of cyclical changes
of endogenous sex hormones during different phases of menstrual cycle on
Acylation stimulating Protein (ASP) and its correlation with lipid profile
parameters in healthy reproductive women. Twenty nine healthy
reproductive women with regular menstrual cycles were included in this
longitudinal study. The levels of FSH, LH, progesterone and estradiol were
measured along with ASP. The total cholesterol, triglycerides, HDL-C, LDL-
C levels were estimated during follicular, ovulatory and luteal phases of
the menstrual cycle. There was a significant rise in ASP levels during
luteal phase when compared to follicular phase (P<0.01). The rise in ASP
levels during the luteal phase correlated with elevated progesterone levels
(r=0.472, p=0.027). Multiple regression analysis including all measured
variables in the study showed that progesterone was the only significant
predictor of ASP levels. The level of LDL-C as well as total cholesterol/
HDL-C and LDL-C/HDL-C ratios showed significant decreases during the
luteal phase compared with the follicular phase (P<0.05). No correlation
was seen between ASP levels and the lipid profile parameters. The findings
of this study suggest that adipokines such as ASP levels are increased
during luteal phase associated with elevated progesterone levels which may
contribute to increased fat storage & distribution in women of reproductive
age.
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INTRODUCTION

The menstrual  cyc le  represents  a

continuous state of change in terms of female
sex  stero id  environment .  I t  i s  wel l
established that fat  storage and l ipid
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metabolism are affected by hormonal changes
in humans (1) .  Substantial  amount of
evidence indicates that sex steroids play a
role in fat tissue regulation and distribution
(2, 3). Differences in fat distribution and lipid
profile exist between males and females of
reproductive age. In females these changes
coincide with onset of ovarian production of
estrogen and progesterone during puberty (4-
6) and with cessation of hormone production
during menopause. Marked changes in their
lipid metabolism occur during pregnancy &
in reproductive disorders in response to
hormonal changes (2, 3, 7). Investigations
into the ability of estrogens and other sex
hormones  to  a l ter  p lasma l ip id  and
lipoprotein levels are important because
these factors are significant indicators of
cardiovascular risk in both men and women.
Numerous studies have consistently shown
the influence of exogenous sex hormones on
lipid and lipoprotein levels, but studies of
the effects of menstrual cycle phases on
circulating lipid & lipoprotein levels have not
shown a consistent pattern (8, 9). Due to
the cycling nature of circulating levels of
sex hormones in premenopausal women and
their possible impact on levels of lipids and
lipoproteins, and hence coronary heart
disease risk, it is important to determine
how these levels vary between the follicular
and luteal phases of the menstrual cycle.
This is especially important given that even
small changes, such as may be seen between
menstrual cycle phases, may be clinically
relevant over a long period of time (10). The
effects of menstrual cycle hormonal changes
on factors linked to lipid metabolism are
continuously investigated. These include
studies  on adipokines  such as  lept in,
adiponectin and Acylation Stimulating
Protein (ASP). Acylation Stimulating Protein

is an autocrine hormone shown to affect lipid
metabolism in humans and mice (11). It is
produced through the alternate complement
pathway by the interaction of complement
factor C3 with factor B and factor D (also
cal led  adips in) ,  which results  in  the
formation of C3a-des-Arg, also called ASP.
In vitro, ASP increases triglyceride synthesis
& storage in adipocytes through activation
of diacylglycerol acyltransferase, the rate
limiting enzyme in triglyceride synthesis and
by stimulating glucose uptake (12, 13). The
effect of ASP on fat storage is supported by
some of the studies which have shown that
ASP administration increases triglyceride
clearance in mice and that ASP deficient
(C3-/-) mice exhibit delayed postprandial lipid
clearance & reduce adipose tissue depots (14-
17). In humans ASP released from adipose
t issue  increases  in  coordinat ion with
triglyceride clearance (18).  ASP levels
decrease during fasting & after weight loss
(19)  and increase in obesity  (20)  and
dyslipidemic disorders (21, 22). Limited
evidence is available on effects of endogenous
sex hormones on ASP and its correlation
with lipid profile. Hence this study was aimed
at investigating the effects of cyclical changes
of endogenous sex hormones during different
phases of menstrual cycle on ASP and its
correlation with lipid profile parameters in
healthy reproductive women.

MATERIALS AND METHODS

This was a longitudinal study involving
29 female subjects aged between 18-24 years.
All of them had regular menstrual cycles of
an average of 28 days, which was evident
from the questionnaire provided to them
during screening for enrolment. The women
were considered healthy based on a medical
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was performed using automated Roche
Integra 800’s analyzer, Switzerland-Germany.
The ASP estimation was done by using
Sandwich ELISA technique. The human
plasma EDTA samples, controls, and standard
ASP were pretreated with polyethylene glycol
8000 to precipitate C3, thus preventing any
artifactual generation of ASP. The samples
were centrifuged, the supernatant was
removed, and ASP was assayed immediately
by an in-house ELISA using a monoclonal
antibody as capture antibody and a polyclonal
antibody as detecting antibody.

Al l  the  results  were  expressed as
mean±standard error .  Within – group
differences at different phases were assessed
by one way repeated measures analysis
o f  var iance  (RM ANOVA).  Pair  wise
comparisons were done by paired-t test to
compare the means of variables at the
different phases. Correlations between the
measured variables in the different phases
of the cycle were examined by bivariate
analysis using pearson coefficients. For
parameters  with  skewed distr ibut ion
spearman correlation coefficient test was
used. Logarithmic transformations were
applied for parameters that did not follow a
normal distribution. Stepwise multiple linear
regress ion analys is  was  per formed to
determine the factors that significantly
associated with variations in ASP levels. ‘P’
value <0.05 was considered as statistically
significant. Analysis was done using SPSS
vers ion 11 .0  for  windows;  SPSS,  Inc ,
Chicago, IL.

RESULTS

All the 29 subjects had ovulatory cycle
as judged by luteal progesterone levels above

history questionnaire and routine blood
invest igat ions .  They were not  on any
medications and had no disorders that may
affect hormonal function such as polycycstic
ovary syndrome. Women with irregular
menstrual cycles & abnormally low hormone
levels that suggest anovulatory cycles were
excluded from the study. The study was
approved by institutional ethics committee,
and informed consent was taken from the
subjects enrolled in the study. 2 ml of
Peripheral venous blood sample was collected
after overnight fasting on days 7, 14, & 21
days of the menstrual cycle. These days were
chosen to represent different phases of an
average 28 day menstrual cycle. Day 7
represented the midfollicular phase, day 14
represents the ovulatory phase & day 21
represents the midluteal phase. The blood
samples were col lected in plain tubes
without anticoagulant for serum lipid and
hormone estimation whereas EDTA tubes
were used for ASP estimation. The serum
was separated by centfifugation & stored at
–80°C until analysis. The hormones that
were estimated include Luteinizing Hormone
(LH), Follicle Stimulating Hormone (FSH),
estradiol & progesterone. Estradiol, FSH &
LH levels  were measured by two-step
immunoassays using Chemiluminiscent
Microparticle Immunoassay (CMIA) technology
with flexible assay protocols, referred to as
chemiflex TM, using system-architect i2000
(abbott laboratories). The progesterone assay
was done using competitive immunoassay
with direct Chemiluminiscent technology,
ADVIA centaur system (Bayer Diagnostics).
Samples were analysed for lipid profile
parameters which included triglycerides,
total cholesterol, Low Density Lipoprotein
cholesterol  (LDL-C) and High Density
Lipoprotein cholesterol (HDL-C). Analysis
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menstrual cycle for LH, FSH, progesterone
and estradiol (P<0.0001). The ASP levels also
showed significant changes during different
phases of the cycle (RM ANOVA, P<0.05) as
shown in Table II. There was a significant
r ise  in  ASP levels  during  midcyc le
(19.8±2.7nM) when compared to the follicular
phase levels (14.6±1.8nM) (P<0.05). Similarly
there was a significant rise in ASP levels
during luteal phase (32.3±7.4) when compared
to follicular phase (P<0.01). The increase in
ASP levels during the luteal phase coincided
with the increase in progesterone levels and
progesterone/estrogen ratio in the luteal
phase. Table III shows the levels of lipids
and lipoproteins during follicular and luteal
phases. There was no statistically significant
differences in the levels of total cholesterol
& triglycerides, between follicular phase &

5 ng/ml.  General characteristics of  the
women included in this study are shown
in table  Liable  2  depicts  the  serum
concentrations of endogenous sex hormones
and ASP during follicular phase, midcycle
and luteal phase of menstrual cycle. The
fluctuations in estradiol, progesterone, LH
and FSH levels are according to the expected
levels in a typical regular 28 day cycle.
Repeated measures  ANOVA showed a
s igni f i cant  overal l  change during the

TABLE I : Basic characteristics of subjects studied.

Parameter n mean±SEM

Age (yrs) 29 19.28±1.24
Weight (kgs) 29 52.37±11.35
Height (mts) 29 1.58±0.08
BMI (kg/m2) 29 22.23±0.47

TABLE II : Concentrations of hormones & ASP during different phases of menstrual cycle.

Parameter Follicular phase Midcycle Luteal phase ‘P’

Estradiol (pg/ml) 25.72±1.60 105.3±11.5*** 85.0±6.63## 0.002
Progesterone (ng/ml) 0.76±0.19 2.18±0.48** 7.18±0.76### 0.003
FSH (μIU/ml) 5.08±0.37 8.11±0.41** 3.19±0.32## 0.017
LH (μIU/ml) 3.42±0.25 13.40±2.24*** 3.64±0.46### 0.038
ASP (nM) 14.6±1.8 19.8±2.7 32.3±7.4## 0.015

Values are expressed as mean±SEM.
*depicts comparison with follicular phase.
#depicts comparison with midcycle.
**P<0.01,***P<0.001.
##P<0.01, ###P<0.001.

TABLE III : Lipid profile in different phases of menstrual cycle.

Parameter Follicular phase Midcycle Luteal phase ‘P’

Total cholesterol (mg/dl) 138.41±5.19 141.39±1.42 144.58±2.35 0.142
Triglycerides (mg/dl) 131.72±1.96 132.43±1.04 133.21±4.08 0.063
LDL-C (mg/dl) 142.33±3.08 108.6±2.76** 98.64±6.34## 0.015
HDL-C (mg/dl) 38.57±0.83 41.65±1.05 44.67±0.66 0.467

Values are expressed as mean±SEM.
*depicts comparison with follicular phase.
#depicts comparison with midcycle.
**P<0.01, ##P<0.01.
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DISCUSSION

In the  present  study we observed
expected reproductive hormonal variations
during different phases of an average 28 day
menstrual cycle. An important finding of this
study was  that  ASP levels  changed
significantly across the phases of menstrual
cycle correlating with progesterone levels
and progesterone /estrogen rat io .  The
increase in ASP levels correlated positively
with the normally elevated progesterone
levels in the mid luteal phase whereas no
significant association of ASP was seen with
estrogen levels or any other reproductive
hormone.  Multiple  regression analysis
including all measured variables in the study
showed that progesterone was the only
significant predictor of ASP levels. Our
findings of increased ASP levels in the luteal
phase of the menstrual cycle is in accordance
with the findings of some of the recent
studies on ASP. These studies showed that
C3 and factor B (precursors of ASP) are
produced in the human endometrium in a
cyclic specific manner. It was found that
luteal  phase  endometr ium synthesize
complement  C3 de  novo ,  whereas
proliferative endometrium produces little or
no C3. Likewise factor B, which is critical to
the activation of the complement alternative
pathway which leads to ASP production, has
been shown to be present only in the luteal
phase endometrium & not in the follicular
phase. Also, factor B, was found to be
synthesized in the endometrial cells of
patients treated with exogenous progesterone
therapy. Therefore, these precursors are
found in the presence of high progesterone/
estrogen ratio characterizing the luteal phase
& not in the follicular phase which is marked
with low progesterone & estrogen levels (23,

luteal phase. There was slight increase in
the levels of HDL-C during the luteal phase
which was statistically not significant. The
luteal phase measurement of LDL-C was
significantly lower (p=0.01) compared with
that during the follicular phase. The total
cholesterol/HDL-C & LDL-C/HDL-C ratios
were significantly lower [4.9% lower (p=0.006)
and 7.9% lower (p=0.001) respectively] during
the luteal phase compared to the follicular
phase measurements. Table IV shows the
correlation of ASP with hormones and lipids
during the mid luteal phase. Increased ASP
levels in the mid luteal phase showed a
s igni f i cant  pos i t ive  corre lat ion  with
progesterone levels (r=0.472, p=0.027) and
with progesterone/estrogen ratio (r=0.511,
p=0.024). ASP also positively correlated with
BMI (r=0.563, p=0.018). Setting plasma ASP
(log transformed) as the dependent variable
a multiple regression model was set to
determine factors that predicted ASP levels
in mid luteal phase. Hormones, lipids and
BMI were  entered into  the  model  as
predictors .  The  results  showed that
progesterone significantly associated with
ASP levels (p=0.508, p=0.022) and entered
this model as the only significant predictor.

TABLE IV : Bivariate correlation between ASP levels in
the midluteal phase with other variables.

Variable r P

BMI 0.563* 0.018
Progesterone 0.472* 0.027
Estradiol 0.253 0.263
Progesterone/Estradiol ratio 0.511* 0.024
LH –0.026 0.902
FSH –0.362 0.143
Triglycerides –0.934 0.702
Total cholesterol 0.291 0.236
LDL-C 0.333 0.187
HDL-C 0.122 0.642

*p=spearman correlation significant, two tailed.
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atherogenic effects seen in females of
reproductive age (9,  28).  This may be
associated with hormonal  ef fects  that
enhance fat clearance from the circulation
during that phase. Due to the cycling nature
of circulating levels of endogenous sex
hormones in women of reproductive age, and
their possible impact on levels of lipids and
lipoproteins, and hence Coronary Heart
Disease (CHD) risk, it is important to
determine how these levels vary between the
follicular and luteal phases of the menstrual
cycle. This is especially important given that
even small  changes,  may be cl inically
relevant over a long period of time. These
findings support our hypothesis of a lipid and
lipoprotein profile that is associated with
decreased risk of coronary heart disease
during the luteal phase compared with the
follicular phase of the menstrual cycle.

In  conclusion ASP levels  change
signif icantly across the phases of  the
menstrual cycle and increase in ASP levels
correlate posit ively with the normally
elevated progesterone levels in the luteal
phase .  The progesterone  is  the  main
predictor of ASP levels emphasizing the role
of progesterone on ASP production and its
lipogenic effects in women of reproductive
age. This finding may therefore contribute
to further understanding of the mechanism
of ASP regulation regarding fat storage and
distribution in women.

24). Although progesterone is considered to
exert lipogenic effects in females, controversy
still exists as to whether it mediates these
effects directly or indirectly. Some studies
have suggested direct anabolic effects or by
effecting on insulin action, others suggest
an action through specific transcription
factors (25-27). This study has shown a link
between levels of ASP, which is a potent fat
storage factor, and progesterone which is
known for its lipogenic effects in females.
The significant positive association between
luteal phase ASP and progesterone, as the
main predictor of ASP levels in this study,
may suggest a role for progesterone on ASP
production and its lipogenic effects in healthy
women of reproductive age.

The level of LDL-C as well as total
cholesterol/ HDL-C & LDL-C/HDL-C ratios
showed significant decreases during the
luteal phase compared with the follicular
phase. The slight increase in the level of
HDL-C in the luteal phase, which may be
c l in ical ly  a l though not  stat ist ica l ly ,
significant does indicate the exertion of an
estrogenic influence on this lipoprotein level.
No correlation was seen between ASP levels
& the lipid profile parameters. However,
small but highly significant decreases were
seen in the luteal phase of the cycle which
is consistent with previous studies that
showed that lipid levels decrease during the
luteal phase of the cycle explaining the anti
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