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RESUMO

Introducdo: A asprosina € um hormonio proteico importante na regulacdo do apetite; glicose e metabdlitos
lipidicos sdo secretados durante o jejum. Objetivos: O presente estudo investiga a relacdo entre o nivel de
asprosina e o estresse oxidativo ha Sindrome Metabdlica (MetS). Métodos: O estudo incluiu 171 participantes
com idade entre 35-65 anos, divididos em dois grupos: um grupo controle, que incluiu 75 participantes, e um
grupo de pacientes, que incluiu 95 participantes em tratamento no Hospital Educacional lbn Sina na cidade
iraquiana de Mosul. A aprovacdo ética foi obtida do Ministério da Saude do Iraque - Saude de Ninive. Cinco
mililitros de sangue venoso foram coletados apds jejum durante uma noite inteira para realizar testes de fatores
oxidativos e antioxidativos, bem como avaliagcfes clinicas. Resultados: Os niveis do horménio asprosina na
MetS aumentaram significativamente, mas houve uma diminui¢cdo significativa dos antioxidantes (glutationa,
capacidade antioxidante total e arilesterase), além de um aumento substancial na malondialdeido,
lactoperoxidase e peroxidase. Foi encontrado através do coeficiente de correlagéo linear (R) que havia uma
correlagdo positiva significativa entre asprosina e fatores oxidativos e uma correlagdo inversa com variaveis
antioxidantes. Discusséo: Esses achados sugerem que a asprosina € um indicador de distlrbios metabdlicos e
esta associada a MetS e aos indicadores de estresse oxidativo. Conclusdes: Portanto, pode ser considerada
um novo indicador e uma ferramenta promissora para diagnéstico e tratamento para iniciar e desenvolver MetS

Palavras-chave: Hormonio Asprosina, Estresse Oxidativo, Sindrome Metabdlica, Resisténcia a Insulina,
Capacidade Antioxidante Total.

ABSTRACT

Background: Asprosin is a protein hormone important in regulating appetite; glucose and lipid
metabolites are secreted during fasting. Aims: The present study investigates the relationship between asprosin
level and oxidative stress in MetS. Methods: The study included 171 participants persons aged 35-65 years who
were divided into two groups: a control group, which included 75 participants, and a patient group, which included
95 participants from patients getting treatment at the lIbn Sina Educational Hospital in the Iraqi city of Mosul.
Ethical approval was obtained from the Iragi Ministry of Health - Nineveh Health. Five milliliters of venous blood
were taken following a fast for an entire night. To perform oxidative and antioxidative factor tests as well as clinical
evaluations. Results: Asprosin hormone levels in MetS significantly increased, but a significant decrease of
antioxidative (glutathione, total antioxidant capacity, and arylesterase) also A substantial rise in malondialdehyde,
lactoperoxidase, and peroxidase. It was found through the linear correlation coefficient (R) that there was a
significant positive correlation between asprosin and oxidative and an inverse correlation with antioxidative
variables. Discussion: These findings imply that asprosin is an indicator of metabolic disorders and is associated
with MetS and oxidative stress indicators. Conclusions: Therefore, it can be considered a new indicator and a
promising tool for diagnosis and treatment to initiate and develop MetS .
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1. INTRODUCTION:

Asprosin is a protein hormone that is
produced in mammals. It was discovered for the
first time in 2016 during a study on a rare genetic
disease known as neonatal progeroid syndrome
(Romere et al., 2016; Duerrschmid et al., 2017).
White adipose tissue is the main source of
asprosin in humans and mice, and it is considered
an adipokine (Zhang et al., 2020). It was found
that asprosin has multiple effects, including
regulating appetite, glucose metabolism, insulin
resistance, and programmed cell death in
pancreatic cells (Yuan et al., 2020; Jung et al.,
2019). Asprosin also impairs the sensitivity of
muscle cells to insulin by promoting inflammation
and oxidative stress, which leads to insulin
resistance (Yuan et al., 2020).

Metabolic Syndrome (MetS, MetSy) has
been described and became widely used at the
end of the twentieth century (Alberti et al., 2009;
Catharina et al., 2018). It isn't a disease in itself
but rather an umbrella term for risk factors for
individuals at increased risk of developing
vascular diseases, high blood sugar, and lipids.
MetS is characterized by a disorder of oxidative
stress levels (Sebekové et al., 2023; Rezzani et
al.,, 2021). Several mechanisms of oxidative
stress processes have been suggested in the
MetS, including changed metabolism of lipids and
glucose, chronic inflammation, and ROS
production (Colak et al., 2021; Vona et al., 2019).

The current study intends to examine
variations in the hormone asprosin in MetS
patients, determine what factors influence it, and

investigate its link to oxidative stress.

2. MATERIALS AND METHODS:

2.1. Materials

The hormones (asprosin and insulin), total
antioxidant capacity, glucose, triglyceride, and
high-density lipoprotein cholesterol levels were
assayed using Kkits. Malondialdehyde (MDA),
glutathione (GSH), arylesterase, lactoperoxidase,
and peroxidase levels were assayed using
Chemical methods using high-purity chemicals
from Sigma-Aldrich companies.

2. 1.1.Study design

2.1.1.1.Patient group

Inclusion of 95 participants with MetS,
(49) were females and (46) males ages (35-65
years), all patients of Arab origins from the city of
Mosul / Irag review the lbn Sina Education
Hospital, noting that the patients were diagnosed
by specialized doctors and were chosen
according to the criteria of (AHA/NHLBI) (Fahed
et al.,, 2022). The patient’s information was
recorded according to the questionnaire paper,
noting that the patient has no family history of the
disease.

2.1.1.2. Control Group:
The study included 76 healthy participants

(36 males and 40 females) whose ages matched
those of the patient group.
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2.2. Methods

2.2.1. Estimation of demographic and clinical
parameters:

Blood pressure (Brunstrom and Carlberg
2016), Body mass index (BMI), and waist
circumference (Ross et al., 2020) were estimated
for participants in control and patient groups.

2.2.2. Blood Sample Collection

Five milliliters of blood were taken from all
participants after an overnight fast, and the blood
was centrifuged for 20 minutes at 4000 rpm to
produce the serum. The serum was stored in the
freezer at -20 °C (Haque et al., 2019).

2.2.3.Hormone Evaluation

Hormones of Asprosin and insulin levels
were tested using an  Enzyme-Linked
Immunosorbent Assay (ELISA) kit from S. B. T.
Co. (China) (Acara et al., 2018).

2.2.4. Total Antioxidant Capacity Measurements

The total antioxidant capacity(T-AOC)
concentration, which represents the total amount
of antioxidants in the serum, was measured using
a colorimetric technique kit from the Chinese firm
Solarbio (Munteanu et al., 2021).

2.2.5.Clinical Evaluations

Glucose, triglyceride, and high-density
lipoprotein cholesterol levels were measured
using enzymatic colorimetric techniques (kits).

Using mathematical equations, it was
estimated that HOMA-IR and HOMA -B (%)
(Jasim et al., 2021).Glucose to Insulin Ratio (G/I)
and Triglyceride Glucose (TyG) Index (Wang et
al., 2021).

HOMA-IR=insulin(uU/ml)xglucose (mmol/l) /22.5

HOMA-B = [( Insulin (uU/ml)x20)/glucose
(mmol/D]-3.5

G/I= Fasting glucose(mg/dl)/Fasting Insulin
(rU/ml)

TyG = In[T.G(mg/dl) xfasting glucose(mg/dl)]/2

2.2.6. Estimation of oxidative stress markers

Serum concentrations of oxidative stress
markers, namely malondialdehyde (MDA) and
glutathione (GSH), as well as the effectiveness of
the following enzymes, arylesterase,
lactoperoxidase, and peroxidase, were estimated
using chemical methods described previously
(Allwsh, 2013).

2.3. Data Analysis:

The statistical analysis of the study results
was conducted through the following:

- Found the mean + SE
- Used the t-test to compare two groups

- Found the Pearson correlation coefficient
() to determine a linear relationship
between variables

- The result is considered significant at P
values < 0.05

3. RESULTS AND DISCUSSION:

3.1. Results

3.1.1. Criteria approved to diagnose metabolic
syndrome:

The clinical and anthropometric Baseline
Data of control groups and MetS and Criteria
approved to diagnose MetS are shown in (Table
1).

The results showed a significant rise in
BMI, waist circumference, blood pressure (BP),
glucose, and TG but lower (HDL-C) in the Mets
group when contrasted to controls at (P <0.01).

Table 1: Features of Clinical and Anthropological

BMI (kg/m?) 258+1.9 29.7+ 3.5*
Waist
circumference 85.3 +6.4 98.3+8.1*
(cm)
BP (mm Hg) @ 125/78 + 13/7 | 141/91+ 14/6*
(?r:‘;f(;’lfs 4.80.47 6.4+ 0.3*
HDL (mmol/L ) 1.21£ 0.2 0.8 £0.3*
TG (mmol/L) 113+ 0.6 3.54 + 0.5*

* significant at P values < 0.01
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3.1.2. Indicators of Insulin Resistance for MetS

Table 2 shows a significant rise in insulin,
(TyG) Index, HOMA-IR, and (G/I) ratio but a
significantly lower (HOMA-B) (P < 0.01) in the
MetS group when contrasted to controls.

Table 2: The Indicators of Insulin Resistance and
Sensitivity for MetS and Control Groups.

Insulin (1) 8.232.2 14.1 £ 3.7*
HOMA-IR 178+ 051 = 4.0+1.2*
HOMA-B 126.6+12.38  96.5+10.58"

Triglyceride
Glucose (TyG) = 8.64+1.21 11.141.5*
Index
cmlplieees o g0 0.5140.1*

to Insulin (G/l)
* significant at P values < 0.01

3.1.3. Asprosin Hormone for MetS

The results in Table 3 showed a 13.6%
significant increase of asprosin hormone in the
MetS group when contrasted to the control group
(53.8+ 3.7 ng/L).

Table 3: ASPROSIN Hormone for Control Groups
and MetS.

Control

. MetS group
Variables group means + SE %
means + SE
TOTAL 53.813.7 65.6£4.4* | 13.6

* significant at P values < 0.01

3.1. 4. Oxidative and Antioxidant Variables for MetS

Table 4 shows a significant reduction
(P=<0.01) in glutathione, antioxidant capacity, and
arylesterase activity in MetS serum compared to
the control group. MetS showed significantly
higher levels of peroxidase, lactoperoxidase
activity, and malondialdehyde compared to the
control group (P<0.01).

Table 4: Oxidative and Antioxidant Variables for
MetS and Control Groups

Oxidative and MetS r-  Controls r-
Antioxidant Variable value value
Glutathione (umol/l) -0.433* -0.518
Total Antioxidant *

Capacity (umol/g) - 0.611 - 0.656
Aryleasterase(U/ml) -0.668* -0.735
Peroxidase(U/ml) +0.583* +0.521
Lactoperoxidase(U/ml) = +0.436* +0.320
Malondialdehyde +0.760* +0.589

(MDA) (u mol/l)
*significant at P values < 0.01

3.1.5. The Relationship between Asprosin Hormone
and Oxidative and Antioxidant Variables for MetS

Table 5 showed that there was an inverse
correlation significant at (P<0.01) between the
level of asprosin hormone with glutathione, the
total antioxidant capacity, and aryleasterase
activity, also a positive correlation significance at
(P<0.01) between asprosin hormone with
peroxidase, lactoperoxidase activity and
malondialdehyde in MetS and control groups.

Table 5: Asprosin Relation to Oxidative and
Antioxidant Variables for
Groups.

MetS and Control

Glutathione

(umol/l) 13.71+1.75 8.55+1.09*
Total Antioxidant .
Capacity(umol/g) 0.66+0.0 4 0.44+0.08
Aryleasterase "

(U/ml) 132.48+4.99 96.41+8.59

Malondialdehyde .

(umol/l) 5.57+ 0.42 8.65+0.63

Peroxidase (U/ml)  158.60+11.42 @ 194.9+15.75*
Lactoperoxidase 80.58+9 48 106.83310.49

(U /ml)
* significant at P values < 0.01

3.2. Discussion

In the present study, all individuals who
have MetS were shown to have an increase in the
levels of (BMI), waist circumference, blood
pressure, (TG) and glucose, also decline in HDL-
C which are the features of diagnosed MetS
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(Yasein et al., 2010; Grundy et al., 2005), this is
due to an excessive increase in adipose tissue,
especially in the abdomen, which has an important
role in energy metabolism and causing obesity-
related diseases, including high blood pressure
and cardiovascular disease (Abdallha and Allwsh
2023).

The cells and tissues that are full of fat
cause low sensitivity to insulin activity, a flaw in
beta cells, and increased secreting of insulin,
which results in a rise in glucose and is related to
insulin resistance, which are characteristics of
metabolic syndrome (Yasein et al., 2010; Abdallha
and Allwsh 2023). TyG and (G/l) are new markers
for the development of Mets because it is
associated with a risk factor for heart disease,
diabetes, and hyperlipidemia, which is due to it
representing the relationship between fat and
glucose metabolism (Wang et al., 2021; Quon et
al., 1994).

The results revealed a rise of the hormone
asprosin in MetS group, and the reason is that
asprosin is an adipokine that regulates appetite,
glucose balance, and insulin resistance and that
the role of asprosin in the central nervous system
is on neurons that lead to anorexia
Proopiomelanocortin - (POMC) and peptide
neurons agouti-related peptide (AgRp) lead these
the mechanisms leading to increased food intake,
regulated energy balance, and the tendency to
accumulate fat and increase body weight (Romere
et al., 2016; Duerrschmid et al., 2017). Perhaps
this is because the asprosin hormone is affected
by the level of cholesterol and triglycerides, and
the high level of fat leads to a rise in the asprosin
hormone with an increase in blood pressure.
(Aguilar et al., 2015 ) Found that high blood
pressure is one of the important criteria in
determining the MetS, and dyslipidemia is one of
the most important characteristics that appear in
people with MetS and plays an important role in
high blood pressure (Wang et al., 2018 ).

Oxidative stress is described as an
imbalance between the generation of oxidative
substances, including reactive nitrogen
compounds and reactive oxygen compounds, and
the defending antioxidant mechanism, enzymatic
and non-enzymatic (Masenga et al., 2023 ). It was
found that the concentration of glutathione
decreased in people with metabolic syndrome,
where glutathione acts as an antioxidant that
scavenges free radicals and protects the heart
muscle, reduces fat oxidation, and reduces the
percentage of oxidized LDL, so its concentration
decreases (Bajic et al., 2019; Jasim and Allwsh
2021). Perhaps the reason for the decrease in

glutathione concentration is a decrease in the
activity of the glutathione peroxidase (Jasim and
Allwsh 2021).

Also, a decrease was found in the
concentration of the total antioxidant capacity of
the group of MetS due to a defect in the oxidation
mechanism and the action of antioxidants
resulting from high levels of free radicals. MetS is
due to high levels of free radicals due to fat
oxidation, as the aryl esterase connects with HDL
subunits to exercise its antioxidant activity (Ravi
Kiran et al., 2016 ). The reason for its decrease is
attributed to the association of fats with the free
sulfhydryl group, which then becomes ineffective
(Sabah and Allwsh, 2021 ).

The elevated malondialdehyde in MetS is
produced by an increase in oxidative stress
processes, which raises the amount of lipids and
free radicals peroxide, increasing
malondialdehyde (Sankhla et al.,, 2012). The
elevated lactoperoxidase and peroxidase activity
in MetS may be attributed to the effect of oxidative
stress in the metabolic syndrome, as both of these
enzymes belong to the oxidative variables whose
efficacy rises in the context of oxidative damage,
leading to a rise of resistance to insulin,
malfunction in the activity of pancreas for beta
cells, malfunction of the mitochondria, and
complications of diabetes (Newsholme et al.,
2019).

The inverse correlation between the
hormone asprosin and each of glutathione and the
total capacity of antioxidants and aryl esterase
may be due to the decrease in antioxidant factors
due to their consumption in the processes of
oxidative stress, which causes a defect in the
function of pancreatic beta cells, insulin secretion
and the metabolism of sugars and fats (Masenga
et al., 2023).

The direct correlation between The level of
the hormone asprosin with peroxidase and
lactoperoxidase activity and malondialdehyde may
be due to elevated free radicals as a result of the
effect of oxidative stress by the high concentration
of glucose, lipid, and insulin in the metabolic
syndrome.

These enzymes work to increase the
products of oxidation processes, such as free
radicals, malondialdehyde, and peroxides
(Magacz et al., 2019; Vona et al., 2019).
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4. CONCLUSIONS:

Asprosin hormone is a new biomarker
correlated with metabolic syndrome and is also
related to oxidative stress, and perhaps this is
owing to the elevated levels of metabolic factors in
the blood such as sugatr, lipid, insulin, and insulin
resistance in the metabolic syndrome. Hence, it is
believed that the hormone asprosin plays a
significant role in limiting oxidative stress by
regulating metabolic factors.
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and the analyses were conducted under
experimental circumstances.

5.2. Acknowledgements

The authors would like to thank very
grateful to the Nineveh Health/lbn Sina Teaching
Hospital in Mosul and the University of Mosul for
their provided facilities, which helped us to
improve the quality of this research.

5.3. Funding source

The authors did not receive any funding
and relied on self-financing.

5.4. Competing Interests

There is no potential conflict of interest in
this publication.

5.5. Open Access

This article is licensed under a Creative
Commons Attribution 4.0 (CC BY 4.0
International License, which permits use, sharing,
adaptation, distribution, and reproduction in any
medium or format, as long as you give appropriate
credit to the original author(s) and the source,
provide a link to the Creative Commons license,
and indicate if changes were made. The images or
other third-party material in this article are included
in the article’s Creative Commons license unless
indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative
Commons license and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy

of this license, visit http://creativecommons.org/
licenses/by/4.0/.

6. HUMAN AND ANIMAL-RELATED
STUDIES

6.1. Ethical Approval

This study received ethical approval from
the Medical Research Ethics Committee of the
Iraqi Ministry of Health - Nineveh Health
(Research No. 111/21, approval No. 32772, dated
September 14, 2021). Before sample collection,
each participant provided written informed
consent.

6.2. Informed Consent

All participants provided written informed
consent for both study participation and
subsequent publication of research findings.

7. REFERENCES:

1. Abdallha Mohammed, S., & Allwsh, T.A.

(2023).  ASPROSIN  AND TS
RELATIONSHIP TO INSULIN
RESISTANCE IN METABOLIC

SYNDROME. MMSL, 92(4), 376-384. doi:
10.31482/mmsl.2023.008.

2. Acara, A.C., Bolatkale, M., Kiziloglu, 1.,
Ibisoglu, E., & Can, C. (2018). A novel
biochemical marker for predicting the
severity of ACS with unstable angina
pectoris: Asprosin. Am. J. Emerg. Med.,
36(8), 1504-1505.

3. Aguilar, M., Bhuket, T., Torres, S., Liu, B.,
& Wong, R.J. (2015). Prevalence of the
metabolic syndrome in the United States,
2003-2012. Journal of the American
Medical Association, 313(19), 1973-1974.

4. Alberti, K.G., Eckel, R.H., Grundy, S.M.,
Zimmet, P.Z., Cleeman, J.l., Donato, K.A.,
Fruchart, J.C., James, W.P.T., Loria, C.M.,
& Smith, S.C. Jr. (2009). Harmonizing the
Metabolic Syndrome: A Joint Interim
Statement of the International Diabetes
Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and
Blood Institute; American Heart
Association; World Heart Federation;
International Atherosclerosis Society; and
International Association for the Study of
Obesity. Circulation, 120(16), 1640-1645.

5. Allwsh, T.A. (2013). Clinical Study of

Periddico Tché Quimica. ISSN 2179-0302. (2024); vol.21 (n°48)
Downloaded from www.periodico.tchequimica.com

137



10.

11.

12.

13.

14.

Adiponectin Hormone and its Relation with
Some Variables in Cardiovascular Patients
in Nineveh Province. Rafidain Journal of
Science, 24(2), 64-65.

Bajic, V.P., Neste, C.V., Obradovic, M.,
Zafirovic, S., Radak, D., Bajic, V.B., &
Isenovic, E.R. (2019). Glutathione "redox
homeostasis" and its relation to
cardiovascular disease. Oxidative
Medicine and Cellular Longevity, 1-14.
Brunstrom, M., & Carlberg, B. (2016).
Effect of antihypertensive treatment at
different blood pressure levels in patients
with diabetes mellitus: systematic review
and meta-analyses. BMJ (Clinical research
ed.), 352, i717.
https://doi.org/10.1136/bm;j.i717
Catharina, A.S., Modolo, R., Ritter, A.M.V.,
Sabbatini, A.R., Lopes, H.F., Moreno
Junior, H., & Faria, A.P. (2018). Metabolic
Syndrome-Related Features in Controlled
and Resistant Hypertensive Subjects. Arq
Bras Cardiol, 110(6), 514-521.

Colak, E., & Pap, D. (2021). The Role of
Oxidative Stress in the Development of
Obesity and Obesity-Related Metabolic
Disorders. J. Med. Biochem., 40, 1-9.
Duerrschmid, C., He, Y., Wang, C., Li, C.,
Bournat, J.C., Romere, C., Saha, P.K,
Lee, M.E., Phillips, K.J., Jain, M., et al.
(2017). Asprosin is a centrally acting
orexigenic hormone. Nat Med, 23, 1444-
1453.

Fahed, G., Aoun, L., Bou Zerdan, M.,
Allam, S., Bou Zerdan, M., Bouferraa, Y.,
& Assi, H.l. (2022). Metabolic Syndrome:
Updates on  Pathophysiology and
Management in 2021. Int. J. Mol. Sci., 23,
786. https://doi.org/10.3390/ijms23020786
Grundy, S.M., Cleeman, J.I., Daniels, S.R.,
Donato, K.A., Eckel, R.H., Franklin, B.A., et
al. (2005). American Heart Association;
National Heart, Lung, and Blood Institute.
Diagnosis and management of the
metabolic syndrome: an American Heart

Association/National Heart, Lung, and
Blood Institute Scientific Statement.
Circulation, 112(17), 2735-2752. doi:

10.1161/CIRCULATIONAHA.105.169404
Haque, T., Rahman, S., Islam, S., Molla,
N.H., & Ali, N. (2019). Assessment of the
relationship between serum uric and
glucose levels in healthy, prediabetic and
diabetic individuals. Diabetology &
Metabolic Syndrome, 11, 49.

Jasim, R.F., & Allwsh, T.A. (2008). Study
of Arylesterase and Its Relationship with

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Some Clinical Variables in Atherosclerotic
Patients in Mosul (Part I). Rafidain Journal
of Science, 19(2), 157-143.

Jasim, R.F., & Allwsh, T.A. (2021). Effect
of plasma isolated Orexin-A on the
regulation of metabolites in male rats. Iraqi
Journal of Veterinary Sciences, 35(3), 451-
457. doi: 10.33899/ijvs.2020.127001.1429
Jasim, R.F., Sabah, S., & Allwsh, T.A.
(2021). The Relation between Fibroblast
Growth Factor 21 and Insulin Resistance in
Hyperlipidemia Patients. Egyptian Journal
of Chemistry, 64(12). doi:
10.21608/ejchem.2021.80062.3947

Jung, T.W., Kim, H.C., Kim, H.U., et al.
(2019). Asprosin  attenuates insulin
signaling pathway through PKC-activated
ER stress and inflammation in skeletal
muscle. J Cell Physiol, 234, 20888-20899.
Magacz, M., Kedziora, K., Sapa, J., &
Krzy$ciak, W. (2019). The Significance of
Lactoperoxidase System in Oral Health:
Application and Efficacy in Oral Hygiene
Products. International  Journal  of
Molecular Sciences, 20(6), 1443.
Masenga, S.K., Kabwe, L.S., Chakulya,
M., & Kirabo, A. (2023). Mechanisms of
Oxidative Stress in Metabolic Syndrome.
Int. J. Mol. Sci., 24,  7898.
https://doi.org/10.3390/ijms24097898
Munteanu, 1.G., & Apetrei, C. (2021).
Analytical Methods Used in Determining
Antioxidant Activity: A Review.
International  Journal of  Molecular
Sciences, 22(7), 3380.

Newsholme, P., Keane, K.N., Carlessi, R.,
& Cruzat, V. (2019). Oxidative stress
pathways in pancreatic B-cells and insulin-
sensitive cells and tissues: Importance to
cell metabolism, function, and dysfunction.
Am J Physiol Cell Physiol, 317, C420-433.
Quon, M.J., Cochran, C., Taylor, S.I., &
Eastman, R.C. (1994). Direct comparison
of standard and insulin-modified protocols
for minimal model estimation of insulin
sensitivity in normal subjects. Diabetes
Res, 25(4), 139-149.

Ravi Kiran, S.B., Lakshmi, T.M., Srikumar,
R., & Reddy, P.E. (2016). Total Antioxidant
Status and Oxidative Stress in Diabetes
Mellitus and Metabolic  Syndrome.
International Journal of Pharmaceutical
Sciences Review and Research, 40, 271-
277.

Rezzani, R., & Franco, C. (2021). Liver,
Oxidative Stress and Metabolic
Syndromes. Nutrients, 13, 301.

Periddico Tché Quimica. ISSN 2179-0302. (2024); vol.21 (n°48)
Downloaded from www.periodico.tchequimica.com

138



25.

26.

27.

28.

29.

30.

Romere, C., Duerrschmid, C., Bournat, J.,
Constable, P., Jain, M., Xia, F., Saha, P.K.,
Del Solar, M., Zhu, B., et al. (2016). A
Fasting-Induced  Glucogenic  Protein
Hormone. Cell, 165(3), 566-579.

Ross, R., Neeland, I.J., Yamashita, S., et
al. (2020). Waist circumference as a vital
sign in clinical practice: a Consensus
Statement from the IAS and ICCR Working
Group on Visceral Obesity. Nat Rev
Endocrinol, 16, 177-189.
https://doi.org/10.1038/s41574-019-0310-
7

Sabah, S., & Allwsh, T.A. (2020). The
Relation Between Fibroblast Growth
Factor 21 and Oxidative Stress in Insulin

Resistance with Diabetics. International
Journal of Pharmaceutical Research,
12(4), 351. doi:

10.31838/ijpr/2020.12.04.351

Sankhla, M., Sharma, T.K., Mathur, K.,
Rathor, J.S., Butolia, V., Gadhok, A.K., et
al. (2012). Relationship of Oxidative Stress
with Obesity and Its Role in Obesity
Induced Metabolic Syndrome. Clinical
Laboratory, 58(5-6), 385-392.

Sebekova, K., Staruchova, M., Mi§l'anova,
C., LiSkova, A., Horvathova, M., Tulinska,
J., Lehotska MikuSova, M., Szabova, M.,
Gurecka, R., Koborova, 1., et al. (2023).
Association of Inflammatory and Oxidative
Status Markers with Metabolic Syndrome
and Its Components in 40-To-45-Year-Old
Females: A Cross-Sectional Study.
Antioxidants, 12, 1221.
https://doi.org/10.3390/antiox12061221
Vona, R., Gambardella, L., Cittadini, C.,
Straface, E., & Pietraforte, D. (2019).
Biomarkers of Oxidative Stress in
Metabolic Syndrome and Associated
Diseases. Oxid. Med. Cell. Longev., 2019,

31.

32.

33.

34.

35.

8267234.

Wang, K., Yang, Q.F., Chen, X.L., Liu,
Y.W., Shan, S.S., Zheng, H.B., Zhao, X.F.,
Chen, C.Z., & Liu, C.Y. (2018). Metabolic
Syndrome and Its Components Predict the
Risk of Type 2 Diabetes Mellitus in the
Mainland Chinese: A 3-Year Cohort Study.
International Journal of Endocrinology,
9376179.

Wang, S., Shi, J., Peng, Y., et al. (2021).
Stronger association of  triglyceride
glucose index than the HOMA-IR with
arterial stiffness in patients with type 2
diabetes: a real-world single-center study.
Cardiovascular Diabetology, 20, 82.
Yasein, N., Ahmad, M., Matrook, F., Nasir,
L., & Froelicher, E.S. (2010). Metabolic
syndrome in patients with hypertension
attending a family practice clinic in Jordan.
East Mediterr Health J, 16(4), 375-380.
PMID: 20795419

Yuan, M., Li, W., Zhu, Y., Yu, B., & Wu, J.
(2020). Asprosin: a novel player in
metabolic diseases. Front Endocrinol, 11,
1-7.

Zhang, X., Jiang, H., Ma, X., & Wu, H.
(2020). Increased serum level and
impaired response to glucose fluctuation of
asprosin is associated with type 2 diabetes
mellitus. Journal of Diabetes Investigation,
11(2), 349-355.

Periddico Tché Quimica. ISSN 2179-0302. (2024); vol.21 (n°48)
Downloaded from www.periodico.tchequimica.com

139



	ASPROSINA: RELAÇÃO COM O ESTRESSE OXIDATIVO EM PACIENTES COM SÍNDROME METABÓLICA EM MOSUL/IRAQUE
	ASPROSIN: RELATION TO OXIDATIVE STRESS FOR METABOLIC SYNDROME PATIENTS IN MOSUL/IRAQ


