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Abstract

Background: Hyperthyroidism is associated with increased oxidative stress
and alterations in enzymatic and non-enzymatic antioxidant systems.
Methionine adenosyltransferase (MAT) plays a key role in cellular
metabolism and may be involved in redox homeostasis in thyroid disorders.
Objectives: This study aimed to evaluate the levels of MAT and investigate
its association with selected enzymatic and non-enzymatic oxidative stress
markers in patients with hyperthyroidism.

Patients and Methods: A total of 90 blood serum samples were collected
from patients with hyperthyroidism and compared with 50 healthy controls.
Enzymatic markers measured included methionine sulfoxide reductase A
(MsrA), thioredoxin (Trx), catalase (Cat), myeloperoxidase (MPO),
lactoperoxidase (LP), xanthine oxidase (XO), glutathione S-transferase
(GST), and senescence marker protein-30 (SMP-30). Non-enzymatic markers
included glutathione (GSH), uric acid (UA), albumin (Alb), malondialdehyde
(MDA), and peroxynitrite (ONOO").

Results: Compared to healthy controls, patients with hyperthyroidism showed
a significant increase in MAT, Cat, XO, GST, Trx, and LP levels, while SMP-
30 was significantly decreased. Among non-enzymatic parameters, MDA and
ONOO~ were significantly elevated, and albumin levels were decreased. No
significant changes were found in the remaining markers. MAT showed a
direct correlation with SMP-30, MPO, MsrA, UA, ONOO™, and Alb, and an
inverse relationship with Cat, XO, and GSH. No correlation was observed
between MAT and GST, LP, or Trx.

Conclusion: The findings suggest a strong association between MAT activity
and oxidative stress in patients with hyperthyroidism. The observed changes
point to metabolic imbalances and compromised antioxidant defense
mechanisms in these patients.

Keywords: Hyperthyroidism, Enzyme, Methionine adenosyltransferase,
Methionine sulfoxide reductase A, Thioredoxin.

Hyperthyroidism is a condition that occurs when the thyroid gland secretes excess hormones (1).
leading to accelerated metabolism pathways (2). Signs of this disorder may include heartbeats,
struggles with heat sensitivity, feelings of unease, and unintended loss of weight (3). Hyperthyroidism
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can manifest in subtle forms. Clear
hyperthyroidism is distinguished by levels of
thyroid  stimulation = hormone  (often
abbreviated as TSH) paired with heightened
levels of triiodothyronine (known as T3) or
increased levels of thyroxine (referred to as
T4). If T3 and T4 levels are elevated while
TSH is diminished and T4 levels remain
normal, "T3".
Subclinical hyperthyroidism is when the TSH
levels are low. Both T3 and T4 levels are
within the normal range, which can lead to
significant long-term complications in both
overt and subclinical cases of hyperthyroidism
(4).

Hyperthyroidism impacts around 2.5% adults,
affecting more women than men at a rate of
2% for women and 0.5% globally. If left
untreated. It can lead to heart irregularities.
Bone fragility and metabolism issues that
result in weight loss Graves’ disease, the cause
of hyperthyroidism, is
condition that appears more frequently in
women (5). Research indicates that genetic
factors play a role in determining the
likelihood of developing Graves’ disease
accounting for approximately 60 to 80 percent
of the risk involved (6). Toxic nodular goiter,
the second most common cause, affects 1.5-18
cases per 100,000 people worldwide annually.
This disease is characterized by thyroid
nodules releasing excess thyroid hormone and
is more common
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the condition is termed

an autoimmune

in areas with iodine
deficiency (5). Excessive exposure to iodine
can also lead to hyperthyroidism due to failure
of normal homeostasis mechanisms. lodine-
induced  hyperthyroidism more
commonly in areas that have historically
suffered from iodine deficiency (7).
Hashimoto's thyroiditis can also cause
hyperthyroidism,  although
thyroiditis is the most common cause of
hypothyroidism (8).

occurs

Hashimoto's
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Methionine  adenosyltransferases (MATs; EC
2.5.1.6) are very important enzymes for living cells.
There are three isomers of the enzyme:

MAT [, II, and IIT (9). MAT is the only enzyme that
produces S-adenosylmethionine (SAM) from
adenosine triphosphate (ATP) and methionine (10).
SAM is synthesized in the liver and plays a crucial
role as an essential donor of the methyl group
required for many biological functions (11). It
methylates DNA, RNA, and proteins, which is
necessary for maintaining genomic stability,
regulating gene expression, and maintaining cellular
homeostasis (12). Additionally, it regulates cellular
processes whose dysregulation may contribute to
pathological conditions (13). Low levels of SAM
affect lipid metabolism, contributing to the
development of fatty liver disease, injury, and even
cancer. SAM deficiency may lead to increased fat
accumulation in the liver, contributing to the
development of fatty liver disease (12). SAM is used
to treat liver dysfunction (14), and also in the
treatment of depression (11) as it is necessary for the
production of neurotransmitters that affect mental
health (15, 16).

Furthermore, SAM plays a role in reducing increased
homocysteine levels. After demethylation of SAM, it
is converted to S-adenosylhomocysteine (SAH),
which is then hydrolyzed to homocysteine (Hcy)(17).
Homocysteine can enter the transsulfate pathway to
promote glutathione synthesis, or it can be converted
back to methionine and then to SAM (17, 13).
Elevated homocysteine levels are primarily related to
their association with endothelial dysfunction and
atherosclerosis(19). In addition to elevated SAM
levels, homocysteine levels can also be elevated for
several other reasons, including genetic factors,
deficiencies of B vitamins and folic acid, aging,
certain medications, and pathological conditions (19,
20).

A 2020 study showed that changes in the activity of
the MAT1A and MAT2A enzymes affect methionine
metabolism in chronic liver disease, contributing to
the development of cirrhosis and liver cancer (17).
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A 2023 study on mice also found that MAT2A
increases with age. Increased MAT2A activity
in the skeletal muscles of elderly mice led to
impaired metabolism, contributing to muscle
weakness. However, inhibiting MAT2A has
been shown to improve muscle strength (21).

Previous studies have primarily focused on
general thyroid
disorders, with limited evaluation of specific
enzymatic systems such as MAT, MsrA, and
Trx. However, none have systematically
analyzed the interaction between these
enzymatic antioxidants and non-enzymatic
parameters in the context of hyperthyroidism.
Given the lack of studies on the MAT and its
relationship with enzymatic and non-
enzymatic variables in patients with
hyperthyroidism, as well as to understand the
biological changes associated with these
conditions and their relationship to oxidative
balance and metabolism, this study was
conducted to evaluate this enzyme and
important measured variables, especially
methionine reductase A

oxidative markers in

sulfoxide and

thioredoxin.

Patients and Methods

Study design and blood sample collection:
Blood samples collected from
individuals with  hyperthyroidism and
healthy individuals at Al-Salam Teaching
Hospital in Mosul, under the supervision of
specialist physicians, between November
2024 and the end of February 2025(There
was enough time due to the increasing
number of patients in Mosul). After
completing a questionnaire, blood was drawn
from a vein, and serum was separated. The
serum was not hemolyzed to ensure clarity.
The sample was then divided into three parts
and stored frozen at -20°C to measure the
variables selected in the study: The study
protocol was approved by the Institutional

WwWEre
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Ethics Committee of the University of Mosul, Iraq
(Approval No. DMED-2024-015). All participants
gave informed consent before enrollment.

The age range of the hyperthyroid patients was 25—
60 years, and samples were collected between 8:00
and 11:00 am to minimize diurnal variations in
hormonal and oxidative stress markers.

Among the 90 hyperthyroid patients, 68 were female
and 22 were male, reflecting the higher prevalence in
women.

Biochemical assays:

Methods used to measure enzymatic and non-
enzymatic variables:

Standard kits from the French company BioLabo
were used to measure albumin and uric acid
concentrations. Manual methods were also used to
measure the levels of enzymatic and non-enzymatic
parameters, as follows:

MAT activity: The activity of the MAT was
assessed by catalyzing the conversion of methionine
to SAM in the presence of ATP, which releases the
resulting phosphate group, which can be detected by
the Malachite green reaction (22).

Methionine sulfoxide reductase A activity: The
activity of the methionine sulfoxide reductase A
(MsrA) was assessed by catalyzing the reduction of
methionine sulfoxide to methionine in the presence
of dimethyl sulfoxide as a substrate and dithiothreitol
(23).

Glutathione S-transferase activity: The activity of
glutathione S-transferase (GST) was estimated
according to the method used by researchers Habig
et al. (1974) (24). GST enzyme catalyzes the binding
of compounds containing electrophilic groups,
especially aromatic rings such as I1-chloro-2,4-
dinitrobenzene, with the thiol group (-SH) of
glutathione. Then, the absorbance intensity of the
resulting  solution is  measured
spectrophotometer.

Trx activity: The researcher Holmgren (1979) (25)
used the method to measure the activity of Trx in the

using a

sample. The measurement process involves using
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Trx in the sample to reduce the disulfide bonds
of the insulin hormone with dithiothreitol,
resulting in a cloudy white color, the
absorption intensity of which is measured
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spectroscopically.
Lactoperoxidase activity: The activity of
lactoperoxidase (LP) was determined

according to the method used by Tayefi-
Nasrabadi et al. (2011) (26), as LP oxidizes
the substrate pyrogallo to purpurogallin in
the presence of hydrogen peroxide.
Gluconolactonase as SMP-30 Activity:
SMP-30 activity was determined by
measuring its gluconolactonase activity
using the colorimetric method (27). It
hydrolyzes the substrate D-gluconolactone,
resulting in ring opening and the formation of
acidity, which reduces the absorption of the
added p-nitrophenol.

Catalase activity: The activity of the
catalase (Cat) was estimated according to the
method of Boriskin et al. (2019) (28), which
is based on the oxidation of 4-ammonium
molybdenum by hydrogen peroxide
remaining from the enzymatic reaction of the
Cat, producing a colored substance whose

absorption intensity can be measured
spectrophotometrically.
Myeloperoxidase activity:

Myeloperoxidase's (MPO) function was
determined using the technique outlined in
the study by Kumar ez al. (2002) (29), which
involves the enzyme oxidizing
orthodiensidine with hydrogen peroxide to
generate a colored compound that can be
analyzed using a spectrophotometer.
Xanthine oxidase activity: The activity of
xanthine oxidase was assessed following the
technique outlined by Ackermann and Brill
in 1974 (30), to measure the production of
acid.

Albumin concentration: The concentration
of albumin was determined using the
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Bromocresol method with a kit from BioLabo, a
company based in France.

Glutathione concentration: To determine serum
glutathione concentration, a modified version of the
method developed by Sedlak and Lindsay in 1968
(31), which utilizes Ellman’s reagent, was employed.
Uric acid concentration: The level of acid was
measured using a BioLab kit that relies on an
enzymatic approach. The enzyme uricase converts
uric acid into allantoin and hydrogen peroxide.
Malondialdehyde concentration:
Malondialdehyde concentration was determined
using a modified method from Guidet and Shah
(1989) (32), which is based on the reaction of
malondialdehyde with thiobarbituric acid (TBA).
Peroxynitrite concentration: Peroxynitrite was
determined wusing a modified method from
Vanuffelen et al. (1998) (33), which oxidizes phenol
to nitrophenol.

Statistical Analysis

SPSS 21 was used to determine the mean, standard
deviation (SD), and correlation. The t-test was
chosen to compare each pair of variables and
determine the significance of the difference indicated
by the p-value. A significant difference occurs when
the p-value is <0.05, while a non-significant
difference occurs when the p-value is >0.05 (34).
Results

Study of MAT enzyme and other enzyme
variables in hyperthyroid patients: The enzymatic
profile in hyperthyroid patients shows statistically
significant alterations in several oxidative stress-
related enzymes when compared to the control group
(Table 1). Specifically, levels of methionine
adenosyltransferase (p=0.031), Thyroidoxin
(p=0.031), Lactoperoxidase (p=0.017), Catalase
(p=0.047), Xanthine oxidase (p=0.0001), and
Glutathione  S-transferase  (p=0.002)
significantly elevated in hyperthyroid patients,
suggesting an upregulation of antioxidant and redox-
modulating enzymes in response to increased
metabolic activity and oxidative stress associated
with hyperthyroidism.

were
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Interestingly, senescence marker protein-30
was significantly lower in hyperthyroid
patients (p=0.0001), possibly indicating
altered cellular aging processes or stress
responses. No significant differences were
observed in Methionine sulfoxide reductase A
(p=0.382) and Myeloperoxidase (p=0.966),
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suggesting these enzymes may not be directly
influenced by the hyperthyroid state.

The findings highlight an enhanced oxidative stress
hyperthyroidism,  triggering
compensatory changes in enzymatic antioxidants
(Table 1).

environment  in

Table 1. Enzymatic results in hyperthyroidism patients compared with the control group.

Control srou Hyperthyroid patients -
Measured enzymes (U/L) gStanpdard 'rousptandard Pr({?;l;lellty
SEERD deviation SEERD deviation

Methionine adenosyltransferase 50.04 3.17 60.99 5.58 0.031%*
Methionine sulfoxide reductase A 353.12 12.2 378.85 12.55 0.382
Thyroidoxin 6.12 0.708 8.88 1.01 0.031*
Lactoperoxidase 40.81 1.82 50.06 2.76 0.017*
Catalase 69.15 4.32 81.99 5.38 0.047*

Xanthine oxidase 447.06 10.19 605.12 32.33 0.0001*
Glutathione S-transferase 94.66 8.65 189.1 21.15 0.002*
Myeloperoxidase 55.98 2.77 57.3 5.92 0.966

Aging marker protein-30 0.807 0.029 0.39 0.055 0.0001*

*Significant at (p<0.05)

Study of MAT and other non-enzymatic
variables in hyperthyroid patients: Table 2
shows statistically significant differences in
oxidative stress markers between
hyperthyroid patients and the control group (P
< 0.05). Glutathione and albumin levels were

significantly decreased in hyperthyroid

patients, indicating a compromised antioxidant
defense In contrast, oxidative stress
and malondialdehyde—

system.
markers—peroxynitrite
were elevated considerably, reflecting increased
lipid peroxidation and oxidative damage (Table 2).

Table 2. Levels of antioxidants and oxidants in hyperthyroid patients compared with the control group.

Control group Hyperthyroid patients group Probabilit
Measured variables Average Standard Average Standard Valu:e;
verag deviation verag deviation y
Glutathione (umol/L) 10.66 0.289 6.87 0.263 0.031*
Albumin (g/100ml) 51.25 0.54 38.18 0.893 0.0001*
Uric acid (umol/L) 63.06 2.15 51.94 2.87 0.048*
Peroxynitrite (umol/L) 33.44 2.34 46.52 2.95 0.032*
Malondialdehyde (umol/L) 11.91 1.63 19.89 1.79 0.031*
*Significant at (p<0.05)
Correlation between MAT and measured and various biochemical variables.

variables in hyperthyroid patients: Table 3
presents the correlation coefficients (R values)
and significance levels (p-values) between
methionine adenosyltransferase (MAT)

statistically significant correlations (p< 0.05) were
observed, indicating potential relationships between
MAT activity and oxidative stress-related
biomarkers in hyperthyroid patients.
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A strong positive correlation was found
between MAT and albumin (R = 0.888, p =
0.0001), suggesting a close association
between MAT and plasma protein synthesis or
antioxidant capacity. Similarly, MAT showed
a significant positive correlation with
methionine sulfoxide reductase A (R = 0.638,
p = 0.0001) and myeloperoxidase (R = 0.705,
p = 0.001), indicating potential co-regulation

Diyala Journal of Medicine

or shared pathways in redox balance.

Significant negative correlations  were
observed with catalase (R = —0.538, p =
0.005), xanthine oxidase (R = —0.673, p =
0.0001), and glutathione (R = —0.758, p =
0.0001), reflecting an inverse relationship
between MAT and these oxidative stress

markers. These findings suggest that increased
MAT activity may be associated with
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decreased levels or activity of certain antioxidant
enzymes, potentially due to feedback mechanisms or
shifts in redox homeostasis.

Additionally, uric acid exhibited a moderate positive
correlation with MAT (R = 0.487, p = 0.010), which
may reflect its role as a secondary antioxidant in
compensating for oxidative stress.
In contrast, lactoperoxidase,
transferase, peroxynitrite, malondialdehyde, and
thioredoxin did not show statistically significant
correlations with MAT (p > 0.05), suggesting limited
or variable associations in the hyperthyroid context.
Overall, the results indicate that MAT activity is
significantly correlated with key oxidative stress and
antioxidant parameters, highlighting its potential role
in redox regulation during hyperthyroidism.

glutathione  S-

Table 3. Correlations of the measured biochemical variables with methionine adenosyl transferase.

Measured variables R value p value
Lactoperoxidase -0.338 0.085
Catalase -0.538 0.005*
Xanthine oxidase -0.673 0.0001*
Glutathione S-transferase 0.135 0.501
Glutathione -0.758 0.0001*
Albumin 0.888 0.0001*
Uric acid 0.487 0.010*
Methionine sulfoxide reductase A 0.638 0.0001*
Peroxynitrite 0.031 0.877
Malondialdehyde -0.003 0.989
Myeloperoxidase 0.705 0.001*
Aging marker protein 0.765 0.0001*
Thioredoxin -0.334 0.15

Discussion

The current findings demonstrate significant
enzymatic alterations in hyperthyroid patients,
reflecting increased oxidative stress and
compensatory antioxidant
Methionine adenosyltransferase, thioredoxin,
lactoperoxidase, catalase, xanthine oxidase,
and glutathione S-transferase levels were
significantly elevated in the hyperthyroid
group compared to controls. These enzymes

responsces.

have functions in maintaining redox balance

and defending against oxidative harm. This aligns
with the heightened metabolic state linked with a
thyroid (35, 36). An increase in xanthine oxidase
activity could lead to the production of reactive
oxygen species (ROS), intensifying oxidative stress
(37). Likewise. In the same vein as well as similarly,
the surge in thioredoxin and glutathiophoresis S
transferase levels indicates a compensatory boost in
cellular antioxidant mechanisms aimed at reducing
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oxidative harm (36). The notable rise in
catalase and lactoperoxidase levels might also
help  counteract  hydrogen  peroxide

Diyala Journal of Medicine

production— a reactive oxygen species
generated when metabolic
heightened (38).

It is quite intriguing that the noticeable
reduction in SMP-30 among individuals with
hyperthyroidism could point towards a
cellular aging process or hampered stress
response. This is because SMP- 30 typically
diminishes in conditions. On the other hand,
there were no significant variances noted in
the levels of methionine sulfoxide reductase A
and myeloperoxidase in hyperthyroid patients
(39). This might indicate regulation of
enzymes in the hyperthyroid state due to
potential  tissue-specific
differing regulatory pathways (40). These
results back up the theory that an overactive
thyroid leads to stress and prompts specific
enzyme reactions to maintain the redox
balance.

activity  is

expression  or

In individuals with a thyroid gland
(hyperthyroidism), the rise in MAT activity is
a typical reaction to the body’s increased
metabolic rate and the greater demand for
methylation  reactions essential for
biosynthesis that rely upon SAM. A
compound derived from MAT itself. This
phenomenon is directly influenced by the
activation of genes prompted by thyroid
hormones. Thyroid hormones, recognized for
their metabolic effects, are heightened. The
hormones trigger thyroid hormone receptors
(TRs), which attach to gene promoters, like
the MAT enzyme promoter, to produce the
MAT enzyme. The activation of these genes
results in MAT gene activity. As a result of the
heightened metabolic functions during
hyperthyroidism, there is a demand for S-
adenosylmethionine (SAM), a

compound in cell methylation processes. This

crucial
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increased need for SAM is essential for DNA
adjustments (DNA methylation), controlling gene
expression patterns, and creating phospholipids and
polyamines vital for cell expansion and development
(41).

The notable rise in catalase (CAT) action among
individuals with hyperthyroidism when compared to
those who are in good health is linked to a rise, in
oxidative stress. This increase is believed to stem
from the overproduction of thyroid hormones (T3
and T4) (42). These hormones are known to boost
metabolism and oxygen intake levels. Consequently,
this leads to the generation of levels of reactive
oxygen species (ROS) (43). The body responds by
triggering its defense mechanisms, which involve
boosting the activity of the catalase enzyme. This
enzyme helps break down hydrogen peroxide into
oxygen and water, mitigating the impact of oxidative
stress (OS), minimizing oxidative damage, and
upholding the balance within cells (44).

Supporting this interpretation, a recent study in mice
with  hyperthyroidism demonstrated
activity of antioxidant enzymes, such as catalase, in
pancreatic tissue (45, 46).

increased

Elevated XO is a biomarker of exacerbated OS
associated with  hyperthyroidism (47). The
significant increase in the activity of this enzyme in
patients may be attributed to increased OS resulting
from hypermetabolic syndrome associated with
increased secretion of thyroid hormones, which leads
to increased production of various ROS such as
hydrogen peroxide and anion superoxide radical
formed by XO (2, 48) through the conversion of
xanthine to uric acid, with hydrogen peroxide being
produced as a by-product (49). In cases of
hyperthyroidism, an increase in the activity of XO is
observed, which exacerbates OS, leading to cell and
tissue damage (50). A study by Kihara et al. (51) on
the effect of some compounds on the XO showed that
inhibiting XO using allopurinol reduces ROS levels
in animal models of hyperthyroidism. Studies have
shown that the effectiveness of XO increases in cases
of hyperthyroidism, which enhances OS.
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The significant increase in thioredoxin (Trx)
in hyperthyroid patients is attributed to the
increased OS resulting from the increased
production of thyroid hormones (52). This
condition leads to the stimulation of gene and
protein expression of thioredoxin as a defines
mechanism  against damage
resulting from hyperthyroidism, which
improves the ability of cells to resist free
radicals and protects tissues from damage
resulting from OS by reducing hydrogen
peroxide to water and oxygen by Trx,
improving the redox balance and maintaining
the redox balance (53). A study by Kihara et
al. (2005) (54) showed that serum Trx levels
were significantly elevated in Graves' disease
patients compared to healthy controls,
regardless of thyroid function status,
suggesting a role for thioredoxin in responding
to OS and regulating thyroid hormone
production. A recent study conducted on
animal models showed that hyperthyroidism
led to increased gene expression of
thioredoxins (TXN1 and TXN2) and
thioredoxin reductase 1 (TXNRDI1) in the
liver, suggesting a compensatory response to
OS. Furthermore, treating these models with
an antioxidant decreased this expression,
demonstrating the role of antioxidant therapies
in reducing oxidative damage (55).

Diyala Journal of Medicine

oxidative

The significant increase in lactoperoxidase
(LP) levels in hyperthyroid patients may be
attributed to elevated levels of T3 and T4
hormones, which stimulate the body's
metabolism. This acceleration of metabolism
leads to increased production of oxidizing
compounds such as hydrogen peroxide,
causing OS in cells (2, 56, 57).To reduce
harmful hydrogen peroxide, the body
stimulates the production of lactoperoxidase
(LP). LPO contributes to the consumption of
hydrogen peroxide, forming thiocyanate
(OSCN"), a compound with antibacterial
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properties that reduce oxidative damage to cells (58).
GST is significantly elevated in hyperthyroid
patients as a result of increased OS resulting from
accelerated metabolic processes (2). GST acts as an
antioxidant enzyme that contributes to detoxification
and neutralization of free radicals by binding to the
glutathione molecule, which explains its high level
as a cellular defines response (59).

A study by Baek et al. (2021) (51) showed that SMP-
30 is one of the proteins directly linked to aging
indicators and OS. Due to severe OS resulting from
metabolic hyperactivity in hyperthyroid patients (2,
37), SMP-30 becomes deficient due to cell damage
and increased enzyme consumption in attempts to
combat oxidative damage. Consequently, the
efficiency of SMP-30 expression decreases, leading
to lower levels in the blood. This accelerates cellular
aging, which impairs the cells' ability to regenerate
and perform their functions properly (60).

Recent studies indicate that hyperthyroid patients
have significantly higher levels of malondialdehyde
(MDA), a biomarker of lipid peroxidation and OS
(61), compared to healthy individuals. This increase
is attributed to the heightened production of ROS due
to increased metabolic activity and high oxygen
consumption associated with hyperthyroidism (2).
Especially superoxide anion radical and nitric oxide,
which rapidly react to form peroxynitrite (ONOO-)
(62), a potent oxidizing molecule that can damage
proteins, lipids, and DNA (54). Oxidants interact
with lipids in cell membranes, leading to their
decomposition and the formation of MDA upon lipid
damage. Studies indicate that this elevation in MDA
is associated with a decreased ability of the body to
resist OS, leading to tissue damage and worsening
clinical symptoms in hyperthyroid patients (61).

Low glutathione levels in hyperthyroid patients are
an essential indicator of increased OS in the body.
Evidence suggests that hyperthyroidism leads to an
increase in the production of ROS, which depletes
glutathione stores and leads to decreased levels. This
decrease in glutathione may contribute to the
worsening of oxidative damage associated with
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hyperthyroidism (63). A study published in
2022 analyzed the relationship between
hyperthyroidism and OS. The results showed
a positive correlation between thyroid
hormone levels and OS markers such as
malondialdehyde (MDA) and glutathione
(GSH). This suggests that hyperthyroidism
may lead to increased OS, reflected in
decreased GSH levels (64). Low albumin
levels in hyperthyroid patients are caused by
excessive secretion of thyroid hormones,
which accelerates metabolism (2) and
increases the breakdown (consumption) of
proteins in the body, including albumin (58).
Albumin acts as an essential antioxidant in

Diyala Journal of Medicine

plasma, and continuous exposure to OS leads
to the degradation and oxidative modification
of albumin, reducing its functional levels and
consequently causing a deficiency in active
albumin in the body (59). In hyperthyroidism,
metabolism accelerates, increasing uric acid
production due to the accelerated purine
metabolism. However, these hormones also
improve kidney function by increasing
glomerular filtration rate (GFR) and renal
plasma flow, enhancing the kidneys' ability to
excrete uric acid. Thus, despite increased uric
acid production, increased renal excretion
leads to lower blood levels. Supporting this
interpretation, a recent study showed that
patients with hyperthyroidism had
significantly lower uric acid levels, suggesting
that increased GFR plays a significant role in
this (64). When comparing
hyperthyroid patients with each other, a direct
correlation was observed between MAT and
methionine sulfoxide reductase A, senescence
aging marker-30, myeloperoxidase, uric acid,
and albumin (Table 3), and an inverse
correlation with catalase, xanthine oxidase,
and glutathione: The correlation analysis
reveals that methionine adenosyltransferase
(MAT) is significantly associated with several

decrease
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oxidative stress markers in hyperthyroid

patients. The strong positive correlations with
albumin, methionine sulfoxide reductase A, and
myeloperoxidase suggest a possible link between
MAT activity and antioxidant defense mechanisms.
Conversely, the negative correlations with catalase,
xanthine oxidase, and glutathione indicate a potential
compensatory or regulatory relationship in.
Conclusion

Our findings demonstrate that Al can effectively
automate blood cell classification, reducing the
subjectivity of manual microscopy. All three
models-wavelet scattering with SVM, a custom
CNN, and ResNet-achieved high accuracy (>95%),
with the wavelet-SVM combination performing best
(~98.9%). However, a limitation of this study is the
genetic properties of our dataset, which differs from
others and may impact model generalizability.
Future should expand datasets
incorporate genetic variability to strengthen clinical
applicability. Despite this, our work confirms that
Al-driven frameworks are promising tools for
enhancing hematological diagnostics
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