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Abstract

Fucokinase is involved in the fucosylation of carbohydrates, which are involved in various
biological and pathological processes in eukaryotic organisms, such as tissue development,
angiogenesis, and fertilization. In our study, FUK in addition to Some enzymes, Hormones, Lipid
profiles, oxidants and antioxidants, and other biochemical parameters were measured in serum for
(175) women of ages ranging from (18 — 40) years Also, 80 serum samples were collected from
women suffering from menopause in the same ages from Mosul city. The results showed that there is a
decrease in the FUK, vitamin D, Triglyceride (TG), Very low-density lipoprotein (VLDL), glutathione
(GSH) and high levels of alkaline phosphatase (ALP), total bilirubin (TB) and calcium (Ca),
Progesterone, Testosterone, low-density lipoprotein (LDL), Atherogenic index and malondialdehyde
(MDA) in MP women compared to healthy women. The hormonal changes associated with MP lead to
increased liver enzyme levels, indicating a potential risk for liver dysfunction and increased bone
turnover, while Ca levels may decline due to decreased estrogen. Total bilirubin and phosphorus
levels appear to be less affected. The lipid profile of MP shows significant adverse changes compared
to normal premenopausal women. Menopausal women tend to have lower levels of GSH and higher
levels of MDA and ONOO-, indicating increased oxidative stress. The comparison of FUK values
between MP and healthy women highlights the potential impact of hormonal changes on metabolic
pathways. Further research is needed to elucidate the specific mechanisms by which FUK activity is
altered in early menopause and to explore the clinical implications of these changes.
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Introduction

Menopause is a progressive ageing process
that involves a series of hormonal changes that
occur over time and end in the cessation of
ovarian follicular activity and menstrual
cycles. An early follicular phase during the
late reproductive years with an increase in
FSH and a decrease in inhibin B are the
consequences of the changes that occur, FSH
is suppressed by a glycoprotein that occurs
when ovarian follicles are fewer [1, 2]. FSH
levels are still high as the menopausal
transition progresses. The fluctuation and
eventual decline of estrogen levels are caused

by the permanent cessation of menstruation
that defines menopause. Premenopausal
women have a preference for 17p3- estradiol as
their dominant and most potent form of
estrogen [3]. Menopause can be classified into
several types based on the underlying causes
and timing of its onset: Natural menopause,
Premature menopause, Induced menopause,
Early menopause and Surgical menopause.
Natural menopause occurs as a part of the
ageing process, typically between the ages of
45 and 55. It is understood to be the
discontinuation of menstruation for 12
consecutive months without any other
physiological or pathological reason [4, 5].
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Menopause occurring before the age of 40
is known as premature menopause. This can
happen due to genetic factors, autoimmune
disorders, or other unknown causes, Induced
menopause occurs as a result of medical
interventions, such as surgical removal of the
ovaries (oophorectomy) or medical treatments
like chemotherapy and radiation therapy [6].
Early menopause is defined as menopause
between the ages of 40 and 45. Like premature
menopause, it can be caused by various
factors, including genetics and health
conditions, but it is less common than natural
menopause. Surgical menopause specifically
refers to menopause that results from the
surgical removal of the uterus (hysterectomy)
along with the ovaries [7].

The enzyme is dependent on ATP and L-
fucose, and it produces ADP and beta-L-
fucose 1-phosphate [8], Only FUK can convert
L-fucose to fucose-1-phosphate, and it can
then be wused to produce GDP-fucose,
Fucosyltransferase is dependent on this
substrate as the donor substrate. L-FUK
activity can be detected in different tissues.
For example, rats and mice possess FUK
widely distributed throughout their tissues,
particularly in the brain. The levels of FUK in
the brain vary significantly from species to
species [9].

In eukaryotic organisms, many biological
and pathological processes involve fucosylated
carbohydrate structures, Examples include the
development  of  tissues,  angiogenesis,
fertilization, cell adhesion, inflammation, and
tumor metastasis. The enzyme FUK is
involved in the process of fucosylation, which
is the addition of fucose sugar units to a
molecule [10]. It has a role in cellular adhesion
and immune regulation. The exploration of
fucosylation inhibition applications is being
done for a variety of clinical applications,
which include some that are related to sickle
cell disease, rheumatoid arthritis, tumour
inhibition, and chemotherapy improvements
When a foreign pathogen enters the body,

fucosylation can assist with immune response.
Increased levels of fucosylation have been
reported in several pathological conditions,
including inflammation and other diseases [11-
14]. Therefore, the focus of our study was on
estimating the level of FUK and several
Hormones, enzymes, lipid profiles and
oxidative stress markers to evaluate the state
of menopause with different causes.

Materials and Methods

This research involved 175 serum samples
collected from women of different ages,
ranging from 18-40 years, and were
considered a normal group. Also, 80 serum
samples were collected from women suffering
from menopause at the same age.

Each lady had her whole medical history
collected, and ten mL of venous blood was
extracted from each participant in this study.
To complete blood serum separation, the blood
samples were immediately transferred into
plain tubes and put in a water bath at 37°C for
10 minutes before centrifugation at 3000 g for
15 min.

The levels of total cholesterol, triglycerides
(TG) and HDL cholesterol were estimated
using Kkits supplied by Biolabo company
(France).

Measurement of cholesterol: Cholesterol
(and HDL cholesterol) and free fatty acid are
the product of the breaking down of
cholesterol esters via cholesterol esterase. A4-
cholestenone and hydrogen peroxide result
from the breakdown of Cholesterol by
cholesterol oxidase. Peroxidase converts 4-
aminoamylpyridine with hydrogen peroxide to
a coloured compound. The coloured
substances were guantified
spectrophotometrically at an OD 510nm, and
cholesterol was calculated after extrapolation
of the colour intensity to the standard
cholesterol solution calibration curve.

Measurement of triglycerides: Glycerol and
free fatty acids result from the breakdown of
TG catalyzed by TG. Glycerol kinase converts



Glycerol to glycerol-3-phosphate produced
adenosine diphosphate. Glycerol phosphate
oxidase generates hydrogen peroxide from
Glycerol-3-phosphate. Peroxidase converts 4-
aminoamylpyridine with hydrogen peroxide to
a coloured compound. The coloured
substances were quantified
spectrophotometrically at an OD 510nm, and
TG was calculated after extrapolation of the
colour intensity to the standard TG solution
calibration curve.

LDL is calculated using the following
equation [16].

LDL-C (mg/dl)=[TC-HDL-C]-TG/5

VLDL is calculated using the following
equation [16].

VLDL (mg/dl)=TG/5

To determine FUK activity, the formation
of I-Fuc-1-P was monitored in the presence of
I-Fuc and ATP. One unit of FUK activity was
defined as the amount capable of producing 1
umol of I-Fuc-1-P from I-Fuc and ATP per
minute [12]. The principle protocol for
determining Fucokinase activity relies on
monitoring the enzymatic formation of I-Fuc-
1-P in the presence of its substrates, I-Fucose
(I-Fuc) and adenosine triphosphate (ATP).
This reaction serves as a fundamental
biochemical assay to quantify the enzyme's
catalytic capacity. Specifically, one unit of
Fucokinase activity is defined as the amount of
enzyme required to produce 1 pmol of 1-Fuc-
1-P per minute under standardized assay
conditions. The specificity of this definition
provides a clear metric for evaluating
Fucokinase efficiency and ensures
reproducibility in experimental studies. By
tracking the production of I-Fuc-1-P,
researchers can not only assess Fucokinase
activity but also gain insights into metabolic
pathways where this kinase plays a crucial
role.

The serum progesterone, testosterone, and
vitamin D were determined based on the

linked enzyme immunosorbent assay (ELISA)
technique using kits from BT LAB of China,
which is an immunological quantification
method based on the sandwich principle. This
assay is based on the addition of samples to
the pre-coated plate. Then biotinylated antigen
was added. The antigens in the samples
compete with the biotinylated antigen to bind
to the capture antibody and incubate. The
unbound antigen is washed away during a
washing step. An avidin-HRP is then added
and then incubated. Unbound avidin-HRP is
washed away during a washing step. TMB
Substrate is then added, and color develops.
The reaction is stopped by the addition of an
acidic stop solution and the colour changes to
yellow, which can be measured at 450 nm.
The intensity of the colour developed is
inversely proportional to the concentration of
progesterone in the sample. The concentration
of progesterone in the sample is then
determined by comparing the O.D. of the
samples to the standard curve.

The activity of alanine aminotransferase
(ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), phosphorus (P),
calcium and TSB (Total Serum Bilirubin)
were estimated using kits from the Biolabo
company (France) [14].

The method for determining total bilirubin
described employs a diazo reaction, utilizing
3,5-chlorophenyl diazonium in the presence of
a solubilizing agent and within a strongly
acidic medium. This process hinges on the
chemical coupling of total bilirubin with the
diazonium compound, resulting in the
formation of an intense red azo dye. The
concentration of this dye directly correlates
with the amount of total bilirubin present in
the sample, making it quantifiable through
photometric analysis at a wavelength of 546
nm. This analytical approach exemplifies
precision in biochemical testing by relying on
colourimetric assessment, where greater dye
intensity signifies higher bilirubin
concentrations. Such methodology holds



significant diagnostic utility in assessing liver
function and detecting jaundice-related
conditions since accurate measurement of total
bilirubin levels is critical for identifying
hepatobiliary diseases. Furthermore, the use of
a strongly acidic environment ensures optimal
reactivity between the reagents while
maintaining methodological consistency and
reliability across varied clinical settings.

The enzyme ALT catalyzes the transfer of
an amino group from alanine to 2-
oxoglutarate, forming pyruvate and glutamate,
which are crucial intermediates in metabolic
pathways. This assay exploits the ability of
NADH or other chromogens to undergo a
measurable change—either a decrease in
absorbance at 340 nm if coupled with lactate
dehydrogenase reactions or a colour change
using diazonium salts—reflecting ALT
activity through continuous monitoring. The
reaction mixture typically includes substrates
such as 2-oxoglutarate, often buffered with
Tris-HCI at pH 7.4, ensuring optimal enzyme
activity under physiological conditions. A
calibration curve generated using known ALT
standards enables quantification against
unknown samples, allowing for the precise
determination of enzyme concentrations
present within biological specimens such as
serum or plasma.

The assay relies on the enzymatic reaction
whereby AST catalyzes the transfer of an
amino group from aspartate to 2-oxoglutarate,
resulting in the production of oxaloacetate and
glutamate. This reaction subsequently requires
the presence of a coupled indicator reaction to
facilitate colourimetric detection, commonly
involving malate dehydrogenase (MDH) and
NADH. When oxaloacetate forms through
transamination, it is reduced to malate by
MDH while concurrently oxidizing NADH to
NAD-+, leading to a decrease in absorbance at
340 nm due to NADH consumption—a
measurable proxy for AST activity. To ensure
precision, samples must be incubated at
optimal conditions such as pH and temperature

aligning with  physiological parameters,
typically around pH 7.4 and 37°C,
respectively. Furthermore, meticulous
calibration using known concentrations of
AST helps establish a standard curve against
which experimental data can be compared for
quantitative results.

The protocol for a colourimetric assay to
measure alkaline phosphatase (ALP) activity
typically involves the use of chromogenic
substrates, which yield a coloured product
upon enzyme catalysis, thus enabling
quantification based on absorbance readings.
ALP is an important biomarker often used in
clinical diagnostics for detecting bone and
liver diseases, among other conditions. The
assay begins with preparing the reaction
mixture that consists of an appropriate buffer
solution—commonly  diethanolamine  or
carbonate-bicarbonate buffers—which
maintains the optimal pH range around 9-10
for ALP activity. A substrate such as para-
nitrophenyl phosphate (pNPP) is frequently
employed due to its effectiveness in producing
a yellow-coloured para-nitrophenol product
when dephosphorylated by ALP. After mixing
the enzyme sample with this substrate at a
specific ~ concentration,  usually  under
controlled temperature conditions like 37°C,
the reaction proceeds for a designated period
to reach linear phase kinetics. The reaction is
then stopped using an alkaline reagent such as
sodium hydroxide, stabilizing the chromogenic
product and maximizing its spectral properties
for detection. Absorbance measurements are
subsequently taken at 405 nm using a
spectrophotometer to determine the intensity
of the colour change, which is directly
proportional to enzyme activity levels present
in the sample.

Serum UA can be estimated using the
Biolabo kit (France) [13]. The protocol
involves enzymatic methods, utilizing uricase
to oxidize uric acid into allantoin and
hydrogen peroxide. This reaction releases
measurable byproducts that can be quantified



spectrophotometrically or through
colourimetric assays to determine precise uric
acid levels. Consistency in sample preparation,
reagent accuracy, and environmental control
factors like pH and temperature ensure
reliability within this procedure.

Calcium was estimated based on the
interaction of the compound o-Cresolphthalein
with calcium ions to form a red-coloured
complex [15]. The principle protocol for
calcium estimation utilizes the interaction
between the compound o-Cresolphthalein and
calcium ions to produce a red-coloured
complex, enabling quantitative analysis of
calcium concentration. This method is
predicated on a colourimetric approach,
wherein the reaction of o-Cresolphthalein with
free calcium ions results in a chromogenic
shift, producing an intensely coloured complex
whose absorbance can be measured
spectrophotometrically.

The principle protocol for  serum
phosphorus measurement is a critical
component in the diagnostic process for
assessing phosphorus levels, which play an
essential role in numerous physiological
processes, including energy production, bone
mineralization, and cellular function. Serum
phosphorus testing typically involves a
colourimetric assay method, in which
inorganic phosphate reacts with molybdate to
form phosphomolybdate complexes. These
complexes are subsequently reduced to
produce a measurable colour change that
corresponds to the concentration  of
phosphorus present in the sample. The
accuracy of this procedure depends on strict
adherence to pre-analytical protocols, such as
proper sample collection—usually requiring
fasting blood samples—and avoidance of
hemolysis or contamination during handling,
as these factors could result in falsely elevated
readings.

A modified method was used by researchers
to estimate the concentration of MDA in the
serum [17]. The interaction of

malondialdehyde with thiobarbituric acid
(TBA) is crucial for the method. In 1998, [18].
The principle protocol involving the catabolic
byproduct of lipid peroxidation highlights a
critical biochemical process in oxidative stress
research, where malondialdehyde (MDA), a
reactive aldehyde formed during lipid
peroxidation, serves as a significant
biomarker. MDA reacts with thiobarbituric
acid (TBA) under acidic and high-temperature
conditions to produce a coloured compound
known as the thiobarbituric acid reactive
substance (TBARS). This coloured product
absorbs light at 532 nm, allowing for its
quantification via spectrophotometry. The
intensity of the colour correlates directly with
the concentration of MDA in the sample.

We used the dithiobisnitro benzoic acid
(DTNB) to measure the GSH levels [19]. The
use of dithiobisnitrobenzoic acid (DTNB),
commonly referred to as Ellman’s reagent, is a
standard protocol for measuring reduced
glutathione (GSH) levels due to its specificity
and efficiency in detecting thiol groups. This
protocol capitalizes on the reaction between
DTNB and GSH, which generates 5-thio-2-
nitrobenzoic acid (TNB), a yellow-coloured
compound measurable through
spectrophotometry at 412 nm. The sensitivity
of this method ensures accurate quantification
even in complex biological samples, providing
insights into oxidative stress and redox
balance. The absorbance measured
corresponds directly to the concentration of
free thiol groups present, primarily from GSH
molecules. By using DTNB as an efficient
reactant, researchers can assess the cellular
antioxidant  capacity, allowing  further
investigation into pathophysiological states
linked to oxidative damage or therapeutic
interventions targeting redox homeostasis.
Employing this principle protocol ensures
reproducibility and consistency in results
while facilitating comparative studies across
diverse experimental conditions.



Statistical Analysis: The data was analyzed
using the t-test to determine statistical
significance. The mean and standard
deviations (SDs) are included when presenting
the data. A significant variation was
considered when the P-values were < 0.05.

Results

FUK and Some enzymes: When measuring
FUK and comparing them between the groups,
we notice a significant reduction When

measuring an AST, ALT and ALP activity and
comparing it between the normal and
pathological conditions, we notice that there is
a significant increase but and when measuring
TSB we also notice significant rises, Inorganic
phosphorus (P) was also measured and
compared, but we did not find a significant
difference when comparing calcium, we notice
a significant rise (Table 1).

Table 1. Fuk and some Enzymes with Other Parameters Levels in Menopause Patients

Parameters Control Patients p-value
FUK (umol/L) 1077+3.56 926+10.38 0.0001*
ALT (U/L) 8+0.22 145+0.64 0.039*
AST (U/L) 11+0.23 13+0.49 0.036*
ALP (U/L) 93+1.91 98+2.38 0.051*
TSB (mg/dL) 0.42+0.01 0.47+0.03 0.016*
P (mg/dL) 3+0.04 340.07 0.392
Ca (mg/dL) 6+0.09 6.5+0.18 0.002*
*Significant at (P<0.05).

Some hormones and lipid profiles: Table 2
shows when measuring progesterone, there
was a significant rise between the normal and
pathological conditions. When measuring
testosterone, we notice a significant rise, but
there is a significant decrease in Vit D. When
measuring and comparing the lipid profile, we
notice that there is a significant rise in Chole

and low-density lipoprotein (LDL) and
atherogenic index (Athero), however, there
was a significant decrease in both triglycerides
(TG) and wvery low-density lipoprotein
(VLDL), but we did not find a significant
difference  when comparing high-density
lipoprotein (HDL).

Table 2. Some Hormones and Lipid Profile Levels in Menopause Patients

Parameters Control Patients p-value
Progesterone (ng/mL) 0.49+0.32 0.83+0.27 0.002*
Testosterone (ng/mL) 0.3+0.02 0.38+0.001 0.004*
Vitamin D (ng/mL) 25+1.89 18+1.7 0.002*
Cholesterol (mg/dL) 175+£1.59 21145 0.029*
TG (mg/dL) 130+1.91 109+3 0.0001*
HDL (mg/dL) 49+0.52 47+1 0.227
LDL (mg/dL) 123+1.50 141+4.03 0.049*
VLDL (mg/dL) 26+0.38 22+0.6 0.0001*
Atherogenic index 3.8+0.04 4.5+0.07 0.024*
*Significant at (P<0.05)

Some oxidants and antioxidants: A
significant decrease was observed in GSH and

a significant increase in MDA, ONOO- and
UA (Table 3).



Table 3. Oxidants And Antioxidant Levels in Menopause Patients

Parameters Control Patients p-value
GSH (umol/L) 8+0.1 4.65+0.17 0.0001*
MDA (umol/L) 9+0.16 15+0.18 0.0001*
ONOO" (umol/L) 119+2.11 141+5.35 0.044*
UA (mg/dL) 340.05 540.11 0.028*
*Significant at (P<0.05)

Correlation between FUK with biochemical
parameters: The present study showed a
significant positive correlation between FUK
with HDL in patient groups. While significant
negative correlation between FUK with ALT

and atherogenic index. Whereas there was no
correlation between FUK with AST, ALP,
TSB, P, Ca, Cholesterol, TG, LDL, VLDL,
Progesterone, Testosterone, Vitamin D, GSH,
UA, MDA and ONOO (Table 4).

Table 4. Correlation Between Fuk with Biochemical Parameters in Menopause Patients

Discussion

Parameters Menopause patient
R-value P value
ALT -0.676 0.016*
AST 0.052 0.872
ALP -0.187 0.561
TSB 0.369 0.238
P -0.182 0.570
Ca -0.256 0.421
Chole -0.235 0.462
TG -0.011 0.973
HDL 0.731 0.007*
LDL -0.545 0.067
VLDL -0.012 0.971
Atherogenic index -0.841 0.001*
Progesterone 0.102 0.752
Testosterone -0.453 0.139
Vitamin D 0.144 0.656
GSH -0.013 0.969
UA 0.429 0.164
MDA -0.496 0.101
ONOO 0.434 0.159

The significant decrease in FUK enzyme
values observed in women experiencing early
menopause compared to those in a normal
premenopausal state can be attributed to

several
hormonal

interrelated
changes and their

factors,

including
impact on

metabolic pathways. [20]. During menopause,
the decline in estrogen and progesterone
significantly  alters metabolic  processes.

Estrogen is essential for the regulation of
various metabolic pathways, and its decrease
can lead to the dysregulation of enzymes
involved in glucose and lipid metabolism. [21]
This hormonal shift may directly affect FUK
activity, as FUK is involved in fucose
metabolism, which is critical for glycoprotein
synthesis and cellular signalling.

Research indicates that menopausal women
often experience increased insulin resistance



[22]. This condition could lead to changes in
enzyme activity, including FUK, as the body's
metabolic state shifts. Insulin resistance is
associated with altered glucose metabolism,
which may reflect decreased FUK levels.

Lower FUK levels in early menopausal
women may have important health
implications. Fucose metabolism is linked to
immune function and inflammation. A
decrease in FUK could contribute to increased
susceptibility to metabolic disorders and
inflammation [23]. Studies indicate that
women undergoing early menopause may
exhibit higher levels of ALT and AST
compared to those who experience menopause
at the typical age. This increase may be
attributed to the earlier loss of estrogen's
protective effects on the liver [24].

Studies have shown that women
experiencing early menopause often have
higher ALP levels compared to their
premenopausal counterparts. This increase is
attributed to accelerated bone resorption due to
decreased estrogen levels, which normally
help maintain bone density [25, 26]. Research
indicates that TSB levels do not significantly
differ between normal and early menopausal
women. However, hormonal changes during
menopause can indirectly affect liver function,
which may influence other liver enzymes more
than bilirubin levels.

Postmenopausal women, particularly those
who experience early menopause, often
exhibit lower serum calcium levels. This
decline is due to increased bone resorption and
decreased intestinal absorption of calcium,
exacerbated by lower estrogen levels [27].
Studies have reported that early menopausal
women may have calcium levels that fall
below the normal reference range, indicating a
higher risk for osteoporosis and fractures [28].

Phosphorus levels tend to remain stable;
however, some studies suggest that they may
be slightly altered in conjunction with calcium
levels. In early menopausal women,
phosphorus levels may not show significant

differences compared to normal menopausal
women, but individual dietary and metabolic
factors can influence these values.

In normal premenopausal women, During
the luteal phase, progesterone levels peak and
experience  fluctuations  throughout the
menstrual cycle. In early menopausal women,
progesterone levels significantly decline due to
reduced ovarian function. This decline can
lead to symptoms such as irregular menstrual
cycles and an increased risk of endometrial
hyperplasia [29]. Testosterone levels in
premenopausal women are generally stable but
can vary with the menstrual cycle.

In early menopausal women, testosterone
levels may not decline as sharply as estrogen
and progesterone, but the ratio of androgens to
estrogens changes, which can lead to
symptoms such as decreased libido and
changes in body composition [30]. Some
studies suggest that early menopausal women
may experience an increase in free
testosterone levels relative to estrogen,
potentially  leading to symptoms of
hyperandrogenism [31].

Normal premenopausal women typically
have adequate levels of vitamin D, which can
be influenced by sun exposure and dietary
intake. Early menopausal women often exhibit
lower levels of vitamin D, which may be
linked to changes in body composition and
lifestyle factors. Vitamin D deficiency is
associated with an increased risk of
osteoporosis and cardiovascular diseases in
this  population.  Studies indicate that
maintaining adequate vitamin D levels is
essential for mitigating some of the adverse
health effects associated with menopause [30].

Typically, premenopausal women have
lower total cholesterol levels due to the
protective effects of estrogen. Studies indicate
that total cholesterol levels significantly
increase in early menopausal women
compared to their premenopausal counterparts.
This increase is attributed to the decline in



estrogen, which normally helps maintain a
favourable lipid profile [32].

Triglyceride levels are generally lower in
premenopausal women, Research shows that
triglyceride levels rise significantly in early
menopausal women, contributing to an
unfavourable lipid profile and increasing
cardiovascular risk [33]. LDL levels are
typically lower in premenopausal women due
to estrogen's role in lipid metabolism. There is
a marked increase in LDL cholesterol levels in
early menopausal women, which is a
significant risk factor for cardiovascular
disease [32, 33]. HDL levels are generally
higher in premenopausal women, providing a
protective effect against heart disease. HDL
levels tend to decrease in early menopausal
women, further exacerbating cardiovascular
risk. The reduction in HDL is particularly
concerning as it is associated with increased
atherogenic risk [32, 33].

The atherogenic index, calculated as the
ratio of total cholesterol to HDL cholesterol, is
significantly higher in early menopausal
women compared to normal women. This
indicates a greater risk for atherosclerosis and
cardiovascular events [34]. The higher
atherogenic index in early menopausal women
compared to their premenopausal counterparts
is primarily due to hormonal changes, altered
lipid metabolism, and lifestyle factors. These
changes significantly increase the risk of
atherosclerosis and cardiovascular events.
[35].

In normal premenopausal women, GSH
levels are typically higher, reflecting a robust
antioxidant defence system. Early menopausal
women often exhibit significantly lower GSH
levels. This decline is associated with
increased oxidative stress due to hormonal
changes, particularly the reduction of estrogen,
which plays a role in maintaining antioxidant
levels [36, 37].

Normal premenopausal women generally
have lower MDA levels, indicating less
oxidative stress. In contrast, early menopausal

women show significantly elevated MDA
levels. This increase is attributed to heightened
oxidative stress resulting from decreased
estrogen levels, which normally help mitigate
oxidative damage [37, 38]. Research indicates
that ONOO levels may be elevated in early
menopausal women compared to normal
women. This increase is linked to the overall
rise in oxidative stress during menopause,
contributing to various menopausal symptoms
and health risks [39].

Normal premenopausal women typically
have balanced UA levels, which contribute to
their antioxidant capacity. UA levels may be
altered, with some studies suggesting an
increase. This change can be a compensatory
response to increased oxidative stress,
although excessively high UA levels can also
pose health risks [36, 37].

The positive correlation between FUK and
HDL suggests that as FUK levels increase,
HDL levels also tend to rise. HDL is
frequently termed as ‘'good cholesterol'
because it facilitates the removal of other
forms of cholesterol from the bloodstream,
thus playing a protective role against
cardiovascular diseases. This relationship may
indicate that higher FUK levels are associated
with better lipid profiles and cardiovascular
health [40]. The negative correlation between
FUK and ALT suggests that higher FUK
levels are associated with lower ALT levels.
Elevated levels of ALT can indicate liver
damage or dysfunction, as it is a marker of
liver function. This finding may imply that
higher FUK levels are linked to better liver
health or less liver injury in the patient groups
studied [41]. The negative correlation with
Athero (likely referring to atherogenic indices
or markers) indicates that higher FUK levels
are associated with lower atherogenic risk.
This could suggest that higher FUK levels may
be protective against the development of
atherosclerosis, which is characterized by the
buildup of fats, cholesterol, and other
substances in and on the artery walls [40].



The absence of correlation between FUK
and parameters such as AST, ALP, TSB, P,
Ca, cholesterol, TG, LDL, VLDL,
progesterone, testosterone, Vitamin D, GSH,
UA, MDA and ONOO- may indicate that FUK
does not significantly influence or is not
influenced by these biochemical parameters in
the studied population. This could be due to
biochemical pathways reasons: FUK may be
involved in specific metabolic pathways that
do not directly interact with the pathways
influencing these other parameters.

Conclusion

Changes in FUK wvalues in early
menopausal  women  suggest  hormonal
influences on metabolism, warranting further
investigation. Significant differences in ALT
and AST levels indicate potential liver
dysfunction risks associated with hormonal
changes in early menopause. Elevated ALP
levels indicate increased bone turnover, while
calcium levels may decline. These changes
highlight the need for monitoring women's
health in early menopause. Early menopausal
women experience decreased progesterone and
altered testosterone levels, impacting overall
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