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RESUMO

Introdugédo: As medigbes do colesterol lipoproteico variam ao longo do ciclo menstrual, correspondendo a
concentragdes crescentes e decrescentes de gonadotropinas e niveis de hormdnios esteroides ovarianos em
mulheres jovens, enquanto mulheres em pré-menopausa e aquelas que estdo na transicdo menopausica sao
caracterizadas por uma resposta ovariana deficiente a alta secregcédo de gonadotropina, levando a baixos niveis
de esteroides ovarianos. Objetivos: Investigar as mudancgas no colesterol lipoproteico e suas interagdes com
horménios esteroides sexuais durante diferentes fases do ciclo menstrual em mulheres jovens menstruadas e
mais velhas (pré-menopausa). Métodos: A amostra incluiu trinta mulheres saudaveis (com idades entre 20 e
45 anos) divididas em dois grupos (15 mulheres/grupo) de acordo com suas idades (20-25 anos e 40-45 anos).
Amostras de sangue foram coletadas no 8°, 16° e 24° dias do ciclo menstrual em ambas as mulheres jovens e
mais velhas menstruadas para comparar os pardmetros anteriores entre esses dias para cada grupo e também
para comparar esses parametros entre dias semelhantes para os dois grupos. As mudangas no perfil lipidico
(CT, TG, HDL, LDL e VLDL) foram avaliadas pelos componentes do kit Bio-Systems. A analise estatistica foi
realizada utilizando Analise de Variancia de um fator (ANOVA), seguida pelo teste de Duncan, e testes t foram
usados para avaliar as diferengas entre os grupos. Resultados: CT e TG ndao aumentaram significativamente
no 8° dia do ciclo menstrual, que representa a fase folicular, em comparagao com os outros dias (16° e 24°
dias). No entanto, LDL aumentou significativamente (p < 0,05) no 8° dia em comparagdo com os outros dias.
Por outro lado, HDL e VLDL aumentaram no 16° dia do ciclo menstrual, que representa a fase ovulatoria..
Discussao: CT, TG e LDL aumentaram durante a fase folicular e foram acompanhados por niveis elevados de
FSH e estradiol, levando a um perfil lipidico favoravel, uma vez que o FSH e o estradiol sdo considerados
reguladores da biossintese de colesterol e tém uma capacidade de amortecimento. O HDL e o VLDL
aumentam (durante os dias de ovulagdo) para atender aos requisitos da ovulagdo e garantir uma ovulagéo
bem-sucedida. Conclusodes: Estudar e avaliar as mudangas no perfil lipidico de acordo com a fase do ciclo
menstrual representa uma questdo importante para compreender o estado fisioldgico e saudavel da mulher e
prevenir a incidéncia de doengas cardiovasculares.

Palavras-chave: Colesterol total (CT), Colesterol triglicerideo (TG), Lipoproteina de alta densidade (HDL),
Lipoproteina de baixa densidade (LDL), Lipoproteina de muito baixa densidade (VLDL).
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ABSTRACT

Background: Lipoprotein cholesterol measurements fluctuated across the menstrual cycle, corresponding to
rising and declining concentrations of gonadotropins and ovarian steroid hormones levels in young women,
whereas premenopausal women and those who inside the menopausal transition characterized by a poor
ovarian response to high secretion of gonadotropin leading to low levels of ovarian steroids. Aims: To
investigate the lipoprotein cholesterol changes and their interactions with sex steroid hormones during different
phases of the menstrual cycle in menstruated young and old (premenopausal) women. Methods: The sample
included thirty healthy women (aged 20-45 years) divided into two groups with 15 women /group according to
their ages (20-25 years) (40-45 years). Blood samples were collected on the 8, 16t, and 24t days of the
menstrual cycle from both young and old menstruating women to compare the previous parameters between
these days for each group and compare these parameters between similar days for the first and second groups.
Lipid profile (Total cholesterol (TC), Triglyceride (TG), High density lipoprotein (HDL), Low density lipoprotein
(LDL), and Very low density lipoprotein (VLDL) changes be assayed by Bio-Systems Kit components. Statistical
analysis was carried out using one-way Analysis of Variance (ANOVA), followed by Duncan's test, and t-tests
were used to assess differences between groups. Results: TC and TG levels did not significantly increase on
the 8th day of the menstrual cycle, which represents the follicular phase, in comparison with the other days
(16th and 24th days). However, LDL level increased significantly (p < 0.05) on the 8th day compared to the
other days. On the other hand, HDL and VLDL levels increased on the 16th day of the menstrual cycle, which
represents the ovulatory phase. Discussion: TC, TG, and LDL levels increased during the follicular phase and
were accompanied by high levels of FSH and estradiol, leading to a favorable lipid profile, whereas FSH and
estradiol are considered regulators of cholesterol biosynthesis and a buffering capacity. HDL and VLDL levels
rise during ovulaton to meet the requirements of ovulation and ensure successful
ovulation. Conclusions: Studying and evaluating changes in the lipid profile according to the menstrual cycle
phase of the menstrual cycle represents an important issue in knowing the physiological and healthy woman
state and preventing cardiovascular disease incidence.

Keywords: Total cholesterol (TC), Triglyceride cholesterol (TG), High-density lipoprotein (HDL), Low-density
lipoprotein (LDL), Very low-density lipoprotein (VLDL).
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1. INTRODUCTION:

Numerous studies have reported differences in
lipoprotein cholesterol levels throughout the
menstrual cycle. HDL increased significantly
during the follicular phase and a significant
decrease in TC and LDL during the luteal phase,
whereas estradiol was significantly associated
with increased levels of HDL during the follicular
phase, and ovarian effects itself (corpus luteum)
was associated with significantly reduced levels
of TC, HDL, and LDL during the luteal phase.
Moreover, the corpus luteum consumes LDL to
support  steroidogenesis, @ which  depletes
circulating LDL during the Iluteal phase,
regardless of the independent action of estradiol
and progesterone on the liver (Jensen et al.,
2017; Sharma et al., 2022). Furthermore, Fouad
Kadhuim 2020 found that the permanence of the
estrogen effect is the main cause of ameliorating
the lipid profile changes during different phases
of the cycle in women aged (25-45 years). In
addition, lipoprotein metabolism has been
affected by some estrogenic mechanisms such
as the increase of VLDL synthesis leading to a
subsequent decrease in LDL and increase in
HDL, inhibiting hepatic lipase and lipoprotein
lipase activity, up-regulating the LDL receptors
(Knopp et al., 2005), upregulate ATP binding
cassette transporter-A1 (ABCA1) that exports
HDL generated from excess cellular cholesterol
and Apolipoprotein-A1 (APOA1, an essential HDL
protein, which enhance HDL production)
(Panigrahi and Panda 2018) and suppress
hepatic scavenger receptor class B Type 1 (SR-
Bl) expression leading to decreased hepatic
cholesterol uptake from HDL (Ren et al.,2018),
whereas, LDL and HDL play essential roles in
ovarian cholesterol transport, in addition,
cholesterol is an important substrate for the
synthesis of ovarian sex hormones and follicular
development in the follicular phase (Huang et
al.,2019). In addition, cholesterogenesis
regulated by FSH that binds with hepatic FSHRSs,
activates the Gi2a/B-arrestin-2/Akt pathway and
subsequently inhibits the binding of FoxO1 with
the SREBP-2 promoter, thus preventing FoxO1
from repressing SREBP-2 gene transcription, this
effect, in turn, results in the upregulation of

SREBP-2, which drives HMGCR nascent
transcription and de novo  cholesterol
biosynthesis, leading to the increase of

cholesterol levels (Guo et al.,2019).

Because of this controversy, the present

study shed some light on the lipid profile changes
during different phases of menstruated young
and premenopausal women.

2. MATERIALS AND METHODS:

2.1. Materials

Lipid profile (TC, TG, HDL, LDL, and
VLDL) changes be assayed by Bio-Systems Kit
components.

2.2. Methods

The current study was conducted between
2022 and 2023, following ethical approval from
the Training and Human Development Center at
the Misan Health Directorate, Ministry of Health
(Approval No: 132, Date: 09-03-2023). Thirty
healthy women participated in this study, divided
into two groups, each comprising 15 women. The
first group comprised women aged 20 to 25,
while the second group included premenopausal
women aged 40 to 45.

Blood samples were collected on the
eighth, sixteenth, and twenty-fourth days of the
menstrual cycle in  both young and
premenopausal menstruating women to compare
the previous parameters between these days for
each group and compare these parameters
between similar days for the first and second
groups.

Statistical analysis was carried out using
one-way Analysis of Variance (ANOVA), followed
by Duncan's test, and t-tests were used to assess
differences between groups, with a significance
level set at p < 0.05 (Steel et al.,1997).

3. RESULTS AND DISCUSSION:

3.1. Results
3.1.1. Total cholesterol (TC)
The Total cholesterol (TC) levels

increased not statistically on the 8" day in
comparison with the 16" and statistically (p<0.05)
in comparison with the 24" days for the first and
second groups ( Figure 1).

In addition, TC increased statistically (p<0.05) in
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the second group in comparison with the first
group for similar days (Figure 2).

3.1.2. Triglyceride cholesterol (TG)

The Triglyceride cholesterol (TG) levels
increased not statistically on the 8" day in
comparison with the 16™ and statistically (p<0.05)
in comparison with the 24™ days for the first and
second groups ( Figure 3).

In addition, TG increased statistically (p<0.05)
in the second group in comparison with the first
group for similar days (Figure 4).

3.1.3. High-density lipoprotein (HDL)

The first and second groups increased
statistically (p<0.05) on the 16th day compared
with the 8th day and 24th day. (Figure 5).

In addition, HDL decreased statistically
(p<0.05) (except on the 24" day) at the second
group in comparison with the first group for
similar days. (Figure 6).

3.1.4. Low-density lipoprotein (LDL)

LDL increased statistically (p<0.05) in the
8" day compared with the 16" day and 24" day
for the first and second groups. (Figure 7).

In addition, LDL increased not statistically
in the second group compared to the first group
for all similar days. (Figure 8).

3.1.5. Very low-density lipoprotein (VLDL)

VLDL increased not statistically in the 16™
day compared with the 8" day and 24™ day for
the first and second groups. ( Figure 9).

In addition, VLDL increased not
statistically in the second group compared to the
first group for all similar days. (Figure 10).

3.2. Discussion
3.2.1. Total cholesterol (TC)

This 8" day represents the follicular phase
of the cycle that accompanied the high levels of
FSH and estradiol, leading to a favorable lipid
profile. In contrast, FSH and estradiol are
cholesterol biosynthesis regulators and buffering
capacities.

During the follicular phase, there was an
increase in total cholesterol, corresponding to the

rise and peak of estrogen (Panigrahi and Panda,
2018; Sharma et al., 2022). Guo and his
colleagues 2019 showed that FSH regulated
cholesterol  biosynthesis via a complex
mechanism involving FSH/FSHR binding on the
hepatocyte surface followed by different
activation steps to approach HMGCR (the rate-
limiting enzyme for cholesterol biosynthesis).
Furthermore, during the reproductive years,
estradiol promotes a favorable lipid profile (Chu
et al., 2003).

TC elevation in the second group may be
explained by its correlation with the high levels of
FSH and the decrease in estradiol levels in the
menopausal transition women. In contrast, FSH
induced cholesterol biosynthesis via a complex
mechanism that ends by de novo cholesterol
biosynthesis. In addition, the deficiency in some
hormones (including estradiol) led to elevations in
serum cholesterol levels. Furthermore, the
gradual decrease in the ability to remove
cholesterol might also be participating in the age-
related disruption of lipid homeostasis, which led
to an accumulation of cholesterol and elevated its
levels. In premenopausal women, elevated FSH
leads to an unfavorable circulating TC
disturbance by regulating hepatic cholesterol
biosynthesis in the liver. This could be reversed
by blocking FSH to reduce serum cholesterol via
inhibiting hepatic cholesterol biosynthesis (Guo et
al.,2019). In addition, Trapani and Pallottini 2010
demonstrate that the causes of age-related
disruption of lipid homeostasis include the
progressively reduction ability to remove
cholesterol through conversion to bile acids and
the decreased activity of the bile acid rate-limiting
enzyme (cholesterol 7a-hydroxylase C7aOH).

3.22. TG

The elevation in TG may be correlated
with the high levels of both FSH and estradiol on
this 8" day due to their roles in promoting lipid
biosynthesis ending with TG increase. The
follicular phase is characterized by an increase in
both the follicle-stimulating hormone (FSH) and
estradiol (Uenoyama et al., 2021). Simeon and
his colleagues 2022 found that TG has higher
values at the follicular phase due to the
production of high estrogen levels from
developing follicles. In addition, Zhu and his
colleagues 2018 showed that FSH treatment
increased lipid biosynthesis and lipid droplet
formation through the Gai/ Ca?*/cAMP regulatory
element-binding protein (CREB) pathway.
Furthermore, Luo and his colleagues 2017
showed that estrogen is an important factor in
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maintaining TG homeostasis and up-regulates
serum concentrations of Apolipoprotein A5
(APOAS5), which possesses a strong ability to
decrease serum TG levels.

However, premenopausal women (second
group) are accompanied by an imbalance of lipid
profiles caused by a deficiency of estradiol that
plays a prominent role in lipid homeostasis,
besides the continual impacts of FSH secretion
on the TG increase. The present findings and
thoughts are in consent with many studies.
Kawamura and his colleagues 2020 showed that
women aged 30 - 45 years have increased and
decreased FSH and estradiol levels, respectively.
Warjukar and his colleagues 2020 found that
premenopausal healthy women (with regular
menstrual cycles) have significant lipid parameter
(TG increase) differences due to estradiol
decrease. Moreover, triglyceride negatively
correlates with estrogen in premenopausal
women (Swarnalatha and Ebrahim, 2012).

3.2.3. High-density lipoprotein (HDL)

The rise in HDL (during the ovulatory days
and beyond) is crucial for successful ovulation.
HDL is necessary to both approach lipids
homeostasis and correct ovulation without any
defects during these days. The present findings
and thoughts are in line with many studies. HDL
levels increased in ovulatory days during the
menstrual cycle (Mumford et al.,2011; Panigrahi
and Panda,2018; Sharma et al.,2022). HDL is
generated from excess cellular cholesterol
exported by ATP-binding cassette A1 (ABCA1A)
expressed in theca cells. Its deficiency inhibits
successful  ovulation  through  cholesterol
accumulation in the ovarian follicle (Futamata et
al.,2023). Moreover, Quiroz and his colleagues
2020 found that HDL and oocyte ABCA1
transporters regulate mouse oocyte cholesterol
homeostasis and contribute to female fertility.
Furthermore, Hamdi and his colleagues 2010
mentioned that HDL is the primary lipoprotein in
human follicular fluid and is important in ovulation
and fertilization. Moreover, Panigrahi and Panda
2018 mentioned that estradiol upregulates
ABCA1 and APOA1, the essential HDL proteins
that enhance HDL production. In addition,
estradiol also increases VLDL synthesis, leading
to a subsequent decrease in LDL and an
increase in HDL.

The deficiency in HDL in the second
group may be attributed to the bad behavior of
lipoproteins caused by the low present levels of
estradiol (which plays a prominent role in lipids

homeostasis) during transitional and progressive
age. Lipid pattern changed (HDL decrease) with
loss of estradiol effect during the menopausal
transition (Swarnalatha and Ebrahim, 2012;
Inaraja et al., 2020).

Moreover, HDL levels decreased in aging
women due to their low level of estradiol and the
highest activity of hepatic lipase, which enhances
the uptake and catabolism of HDL (Fatima and
Sreekantha, 2017). However, HDL is not always
good cholesterol, and large HDL particles were
found to become dysfunctional during the
menopause transition. In contrast, its ability to
promote cholesterol efflux capacity (CEC) from
macrophages becomes weaker (ElI Khoudary et
al., 2021).

3.2.4. Low-density lipoprotein (LDL)

The behavior of lipoproteins and their
relationship with the sex hormones is still unclear.
Nevertheless, estradiol (perhaps FSH) plays a
role in lipid metabolism physiologically due to its
benefit impacts, especially during the growth and
repair period (follicular phase), through its ability
in lipid homeostasis and maintenance via several
routes, such as a modulator of the hepatic LDL
receptors (LDLR),up—regulated the LDL uptake
and its ability to prevent PCSK9 mediated LDLR
degradation in liver cells. Many studies
mentioned that estradiol has physiologically
beneficial effects on lipid metabolism during the
follicular phase ( Mumford et al.,2010; Faulds et
al.,2012; Ko et al.,2020). Also, several studies
indicated that the peak levels of LDL observed
during the follicular phase occurred
simultaneously with increased levels of estrogen,
which is associated with an improved lipid profile
(Mumford et al.,2011; VaShiShta et al.,2017;
Panigrahi and Panda, 2018; Sharma et al.,2022).
Huang and his colleagues 2019 found that LDL
and HDL play essential roles in ovarian
cholesterol transport. In contrast, cholesterol is
an important substrate for synthesizing ovarian
sex hormones and follicular development in the
follicular phase.

It seemed that the chronological age
besides the estradiol deficiency is beyond these
lipid (LDL) alterations in these premenopausal
women, in addition to the continuing effects of
FSH secretion on the LDL increase. Several
researchers indicated that menopausal transition
women have a deficiency of estradiol and
increased activity of plasma LPL that causes
elevation of LDL along with downregulation of

LDLR (Mallick et al.,2015; Fatima and
Sreekantha,2017; Warjukar et al.,2020).
Moreover, Song and his colleagues 2016
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mentioned that higher FSH is related to higher
levels of LDL. In contrast, FSH participated in
hepatic LDL metabolism via attenuated
degradation of LDL and inhibited LDLR
expression in liver tissue. However, Lee and his
colleagues 2022 showed no correlation between
FSH and lipid profile.

3.2.5. Very low-density lipoprotein (VLDL)

The increased tendency in VLDL,
accompanied by the current high levels of HDL
(Figure 5 ) to provide the ovulation requirements,
may be attributed to the estradiol role in lipid
metabolism (VLDL) directly and or indirectly, as
well as the actions of other hormones (such as
kisspeptin, LH and prolactin that secreted during
the ovulatory days) that facilitated ovulation
process and may be contributed in lipid
metabolism. VLDL levels increase during the
follicular to ovulatory phase, the menstrual cycle
(Gupta et al., 2015; VaShiShta et al., 2017;
Panigrahi and Panda, 2018). The oocyte (as a
rapidly growing cell) has a considerable demand
for energy and cholesterol. Therefore, it appears
that ApoB-containing lipoproteins (VLDL) might
have a nourishing function that the TG-poor HDL
lipoproteins are not able to fulfill properly
(Stouffer et al., 2007; Gautier et al, 2010).
Moreover, estradiol exerts a regulatory control for
every step of the lipid metabolism chain.

In contrast, estradiol mediates the
packaging of circulating fatty acid into TG-rich
VLDL particles by the liver. In addition, some of
estradiol’s protective effects in the liver are likely
indirectly due to estrogen signaling adipose
tissue to limit the release of serum fatty acid
made into TG, which is matched with increased
VLDL-TG secretion. Moreover, estradiol also
increased VLDL levels by regulated LPL, which is
responsible for hydrolyzing TG to chylomicrons
and VLDL (Saxena et al., 2012; Palmisano et al.,
2017; Berad, 2019).

Furthermore, kisspeptin, LH, and prolactin
have many roles in lipid metabolism (VLDL). In
contrast, exogenous KP 10 was associated with a
significant elevation in hepatic lipids synthesis
and transport in quails. In contrast, LH receptors
(LHR) expression is intimately associated with
cholesterol transport, synthesis, and
steroidogenesis in the ovary, whereas increased
prolactin receptor signaling is associated with an
increase in VLDL cholesterol levels (Wang and
Menon, 2005; Wu et al., 2013; van der Sluis et
al., 2014).

Despite this slight elevation in VLDL in
the second group, the disruption of lipid

homeostasis related to progressive age may be
caused by the deficiency of estradiol ( during this
transition period ), which plays an essential role
in lipid homeostasis via different mechanisms.
Estradiol deficiency in menopausal transition
women causes a relative accumulation of small
VLDL particles due to increased VLDL
catabolism, resulting in more VLDL residual
particles. Additionally, the converse implication
of estrogen-mediated reductions in fatty acid
delivery to the liver and estrogen-mediated
increases in VLDL-TG export leads to fat
accumulation (Liu et al., 2015; Fatima and
Sreekantha, 2017; Palmisano et al., 2017;
Berad, 2019; Warjukar et al., 2020).

4. CONCLUSIONS:

Studying and evaluating the lipid profile
changes according to the menstrual cycle phase
represents an important issue in knowing the

physiological and healthy woman state and
preventing cardiovascular disease incidence.
This may help manage and control

cardiovascular disorders and other pathological
conditions associated with alterations in lipid
profile, especially in premenopausal women.
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Figure 1. The levels of TC changes during different phases of the menstrual cycle in both groups.
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Figure 2. The levels of TC for similar days in different phases between both groups.
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Figure 3. The levels of TG during different phases of the menstrual cycle in both groups.
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Figure 4. The levels of TG for similar days in different phases between both groups.
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Figure 5. The levels of HDL changes during different phases of menstrual cycle in both groups.
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Figure 6. The levels of HDL for similar days in different phases between both groups.

Periddico Tché Quimica. ISSN 2179-0302. (2023); vol.20 (n°45)
Downloaded from www.periodico.tchequimica.com
18



LDL

mg/dl
a

. 121.93 b be

b +558 110.86 10566

150 96.73 aans  be : 507  yaus
100
50
0

group 1 group 2
m8thday m16thday ™ 24thday

Figure 7. The levels of LDL change during different phases of the menstrual cycle in both groups.
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Figure 8. The levels of LDL for similar days in different phases between both groups.
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Figure 9. The levels of VLDL change during different phases of the menstrual cycle in both groups.
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Figure 10. The levels of VLDL for similar days in different phases between both groups.
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