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ABSTRACT 
Objective: To investigate the association between zinc and copper levels and insulin resistance, a key pathological 

mechanism of Polycystic Ovary Syndrome (PCOS), and to compare these levels with those of healthy subjects in 

Homs.  

Methods: The study included 63 female patients newly diagnosed with PCOS, prior to treatment at Al-Basil 

Hospital in Homs, Syria, along with 25 healthy subjects of similar age. Blood samples were collected using dry 

tubes for laboratory measurements of zinc, copper, glucose, and insulin hormone levels. Subsequently, the HOMA-

IR and QUICKI indices were calculated.  

Results: In the patients' group, serum zinc levels were significantly lower (p-value=0.000), and serum copper 

levels were significantly higher (p-value=0.000) compared to healthy subjects. Among patients with insulin 

resistance, serum zinc levels were significantly lower (p-value=0.004), and serum copper levels were significantly 

higher (p-value=0.000) compared to patients without insulin resistance. Patients without insulin resistance had 

significantly lower serum zinc levels (p-value=0.000) and significantly higher serum copper levels (p-

value=0.000) compared to healthy subjects. There was a positive correlation between copper and HOMA-IR 

(r=0.572**, p-value=0.000), and a negative correlation between zinc and HOMA-IR (r=-0.865**, p-value=0.000).  

Conclusion: The imbalance in zinc and copper levels appears to play a role in the development of PCOS, both in 

relation to insulin resistance and potentially as an independent factor. 
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1. INTRODUCTION 

Polycystic Ovary Syndrome (PCOS) is a hormonal 

disorder that commonly affects women of reproductive 

age, leading to hirsutism and fertility issues primarily due 

to anovulation [1]. The diagnosis of PCOS is based on 

the Rotterdam Criteria, which necessitates the presence 

of two of three distinctive features: oligo or anovulation, 

ovarian cysts detected by ultrasound, and clinical and/or 

biochemical signs of hyperandrogenism [2,3]. In PCOS, 

there is an increase in Leuteinizing Hormone (LH) and a 

decrease in Follicle Stimulating Hormone (FSH), 

resulting in elevated levels of androstendione that 

remains unconverted to estrogen. The excessive 

androgen leads to the formation of small follicles that are 

incapable of maturation [4]. This syndrome presents 

several complications, with the most significant ones 

including cardiovascular issues, infertility, and mood 

disorders [5]. Insulin Resistance (IR) occurs when the 

sensitivity and response of liver, adipose, and skeletal 

muscle cells to normal levels of insulin are reduced. IR 

stands out as one of the most prominent pathological 

mechanisms observed in PCOS [6]. The elevated levels 

of insulin associated with IR increase the action of LH, 
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which in turn stimulates Theca cells, ultimately resulting 

in increased production of androgens [7]. Zinc plays an 

essential role in the body, particularly in insulin secretion 

and sensitivity [8]. Inside pancreatic β cells, insulin pairs 

with two zinc ions in secretory granules to form the 

ZincO₂-Insulin6 complex, which is crucial for hormone 

secretion [9]. The expression of Zinc transporters (ZnTs 

and ZIPs) in pancreatic β cells directly influences insulin 

secretion [10]. Additionally, Zinc can modulate the 

activity of proteins in the insulin signaling pathway, 

ultimately enhancing glucose uptake [11]. Copper is a 

vital mineral essential for the proper functioning of most 

organisms, as it facilitates the movement of electrons 

within biological molecules [12]. However, an excess of 

copper can lead to the generation of free radicals, 

particularly reactive oxygen species (ROS), which in turn 

can cause impairments in insulin signaling pathways[13]. 

 

2. RESULTS AND DISCUSSION  

Table 1 presents the demographic characteristics of 

the study participants. The average age in the patient 

group was (28.68 ± 7.22) years, and in the control group, 

it was (28.84 ± 7.83) years for comparison purposes. 

Based on HOMA-IR values, the patient group was 

divided into two subgroups using a cutoff value of 

HOMA-IR ≥ 2.5 to indicate the presence of insulin 

resistance (IR). Our findings revealed that (65.08%) of 

patients exhibited insulin resistance, while (34.92%) did 

not (refer to Fig. 1). The average age in the insulin-

resistant patient subgroup was (29.56 ± 7.54) years, 

whereas in the subgroup without insulin resistance, it was 

(27.05 ± 6.43) years. 

 

Table 1. Demographic data of subjects included in the study. 

Demographic 

Characteristics 

Values (mean ± SD) 

Patients Group (63) 

Control Group (25) 
Patients with IR subgroup (41) 

Patients without IR 

subgroup (22) 
Total (63) 

Age (years) 29.56 ± 7.54 27.05 ± 6.43 28.68 ± 7.22 28.84 ± 7.83 

BMI (Kg/m2) 26.13 ± 4.32 24.99 ± 4.39 25.73 ± 4.35 25.38 ± 4.90 

WHR 0.80 ± 0.07 0.77 ± 0.07 0.79 ± 0.07 0.74 ± 0.06 

*BMI: Body Mass Index = weight (kg)/height (m2), IR: Insulin Resistance, WHR: Waist-Hip Ratio = waist (cm)/hip (cm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of patients according to the presence of IR 
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2.1. Distribution of study samples according to the 

status of zinc and copper in the serum 

Table 2 displays the distribution of the study samples 

based on the serum levels of zinc and copper, as illustrated 

in Fig. 2 and Fig. 3.

 

Table 2. Distribution of study samples according to the status of zinc and copper in the serum. 

 
Zinc 

Deficiency 

Normal 

Zinc 

Excess 

Zinc 

Copper 

Deficiency 

Normal 

Copper 

Excess 

Copper 

Control Group 

(n=25) 
0% (n=0) 

100% 

(n=25) 
0% (n=0) 0% (n=0) 100% (n=25) 0% (n=0) 

Patients Group 

(n=63) 
95.24% (n=60) 

4.76% 

(n=3) 
0% (n=0) 0% (n=0) 3.17% (n=2) 

96.83% 

(n=61) 

*n: number 

 

 

 

 

 

 

 
 

 

Figure 2 Distribution of study samples according to the status of zinc in the serum 

  

 

 

 

 

 

Figure 3. Distribution of study samples according to the status of copper in the serum 
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2.2. The comparison of the study parameter values 

between Control Group and Patients' Group 

Table 3 presents a comparison of parameter values 

between the Control Group and Patients' Group. The 

Control Group demonstrated significant differences in 

serum zinc values and QUICK index, favoring this group. 

Conversely, significant differences were observed in 

serum copper values and HOMA-IR, favoring the Patients' 

Group. 

 

Table 3. Comparison of the study laboratory parameters between the patient group and the healthy group. 

Laboratory Parameters 
Values (mean ± SD) 

p-value 
Patients Group (n = 63) Control Group (n = 25) 

Zinc (μg/dL) 54.14 ± 10.07 89.06 ± 11.59 0.000 

Copper (μg/dL) 189.60 ± 33.26 115.13 ± 20.24 0.000 

HOMA-IR a 2.33 ± 0.85 1.26 ± 0.70 0.000 

QUICK b 0.34 ± 0.02 0.38 ± 0.05 0.000 

a: homeostatic model assessment for insulin resistance. b: quantitative insulin sensitivity check index. 

 

Based on the findings from Table 2 and Table 3, it was 

observed that patients exhibited a deficiency in zinc and an 

excess of copper, while these imbalances were not observed 

in the healthy subjects. Consequently, it can be inferred that 

factors related to the environment and dietary patterns 

significantly influence the levels of zinc and copper. It is 

worth noting that factors common to both healthy 

individuals and patients do not predominantly contribute to 

these deficiencies. The potential factors influencing diet- 

and environment-related zinc deficiencies may include: 1) 

The supplementation of calcium can hinder the absorption 

of zinc. 2) Vegetarian patients with a diet high in phytates 

may experience zinc deficiency, as phytates are known to 

bind zinc and inhibit its absorption. 3) Non-heme iron 

supplements may reduce zinc absorption, unlike heme iron. 

4) Deficiency in the ZnT1 transporter, which is responsible 

for transporting zinc from intestinal cells into the 

bloodstream. 5) Deficiency of the Zip4 transporter, which is 

essential for the absorption and transportation of zinc from 

the intestine through epithelial cells [14]. Factors 

influencing copper excess deficiency related to diet and 

environment include: 1) Use of copper pipes for delivering 

drinking water to households in certain regions. 2) 

Preparation of food using copper pots. 3) Reduced capacity 

of the liver to eliminate excess copper [15]. The primary 

cause of zinc deficiency and copper excess is associated 

with polycystic ovary syndrome (PCOS) and its 

pathogenesis, attributed to several factors related to 

oxidative stress and the inflammatory response commonly 

observed in PCOS patients: 1) Circulating zinc binds to 

albumin and copper binds to ceruloplasmin in the 

bloodstream. The imbalance between oxidative and 

reductive factors in PCOS patients leads to the dissociation 

of these metals from their binding forms, resulting in an 

abundance of free copper that facilitates the transport and 

displacement of zinc ions into tissues, thereby reducing zinc 

levels [16]. 2) The inflammatory state [17] and the presence 

of inflammatory cytokines (IL-6, TNF-α, IL-1, IFN-

gamma) regulate the production of ceruloplasmin and 

inhibit albumin production, consequently leading to 

decreased zinc levels and increased copper levels [18]. 3) In 

the presence of pro-inflammatory cytokines, Forkhead box 

protein O1 (FOXO1) enhances the antioxidant response, 

leading to upregulation of Zip14 in the liver, causing a 

decrease in zinc. Moreover, it participates in the synthesis of 

ceruloplasmin [19]. Our result supports the findings of 

several previous studies [20-22], and disagrees with a study 

that found no variation in the levels of these two elements; 
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this may be due to the small number of samples in their 

study (47 patients) [23]. 

2.3. The comparison of the study parameter values 

between Patients with Insulin Resistance Group 

(Group 1) and Patients without Insulin Resistance 

Group (Group 2) 

Table 4 presents a comparison of study parameter values 

between two groups: Patients with Insulin Resistance 

(Group 1) and Patients without Insulin Resistance (Group 

2). Significant differences were observed, with Group 2 

showing higher serum zinc values and QUICK index, while 

Group 1 exhibited significant differences favoring copper 

and HOMA-IR. The greater zinc deficiency in Group 1 is 

attributed to its disruption of the insulin signaling pathway, 

a key factor in the development of insulin resistance. Zinc 

plays multiple roles, such as stimulating the phosphorylation 

of the β subunit of the insulin receptor [24], activating PI3K 

and AKT to promote glucose transport into cells, inhibiting 

PTEN (which facilitates PI3P dephosphorylation), and 

regulating the metabolism of glycogen and glucose 

conversion through the phosphorylation of GSK and 

inhibition of its action [25], as well as stimulating the 

phosphorylation of FOXO1 to regulate glucose production 

[26]. Similarly, excess copper in Group 1 leads to 

disruptions in the insulin signaling pathway. Copper's 

conversion from Cu+2 to Cu+1 generates reactive oxygen 

species (ROS), which inhibit insulin-stimulated glucose 

uptake and cause defective insulin signaling by 

phosphorylating the serine/threonine sites of the insulin 

receptor [27], resulting in decreased transcription of the 

GLUT-4 gene and reduced GLUT-4 expression, ultimately 

contributing to insulin resistance [28]. Our findings align 

with several previous studies [29,30]. 

 

Table 4. Comparison of the laboratory parameters between the Patients with IR Group and the Patients without IR Group 

Laboratory Parameters 
Values (mean ± SD) 

p-value 
Patients with IR (Group1) (n=41) Patients without IR (Group2) (n=22) 

Zinc (μg/dl) 51.52 ± 10.49 59.01 ± 7.16 0.004 

Copper (μg/dl) 204.62 ± 31.92 161.59 ± 7.90 0.000 

HOMA-IR 2.88 ± 0.33 1.29 ± 0.48 0.000 

QUICK 0.32 ± 0.004 0.37 ± 0.02 0.000 

*n= number 

a: homeostatic model assessment for insulin resistance.  b: quantitative insulin sensitivity check index. 

 

(Table 5) shows Pearson test. 

Table 5. Correlation coefficient in patienrs with insulin resistance group 

 
HOMA-IR QUICK Zinc BMI WHR 

r p r p r p r p r p 

Zinc - 0.865** 0.000 0.851* 0.000 1 - - 0.146 0.361 0.160 0.317 

Copper 0.572** 0.000 - 0.574** 0.000 - 0.484** 0.001 0.174 0.275 - 0.049 0.760 

 

In our analysis, we observed a significant negative 

correlation between Zn and HOMA-IR (Fig. 4) in 

patients with insulin resistance. Additionally, a 

significant positive correlation between Zn and QUICK 

index was identified in the same patient group (Fig. 5).
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Figure 4. Correlation between serum Zn and HOMA-IR in Patients with İnsulin Resistance (r2 = 0.784, P-value = 0.000) 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Correlation between serum Zn and QUICK in patients with insulin resistance (r2 = 0.7234, P-value = 0.000). 

 

Our investigation revealed a noteworthy negative 

correlation between Cu and QUICK (Fig. 6), as well as a 

significant positive correlation between Cu and HOMA-IR 

in patients with insulin resistance (Fig. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Correlation between serum Cu and QUICK in patients with insulin resistance (r2 = 0.3291, P-value = 0.000). 



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 2, 2024 

- 248 - 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Correlation between serum Cu and HOMA-IR in Patients with İnsulin Resistance (r2 = 0.327, P-value = 0.000). 

 

2.4. The comparison of the study parameter values 

between Patients without Insulin Resistance Group 

and Control Group  

Table 5 displays a comparison of the study parameter 

values between the Control Group and the Patients without 

Insulin Resistance Group. The study revealed significantly 

higher Cu levels in the Patients without Insulin Resistance 

Group compared to the Control Group, whereas Zn levels 

were markedly higher in the Control Group. These 

disparities in zinc and copper values between the Control 

Group and Patients without IR Group are attributed to their 

influential role in the context of PCOS independent of 

insulin resistance [31]. The insufficiency of zinc 

contributes to the pathogenesis of PCOS through causing 

defects in ovarian development [32], impairing the 

secretion of both FSH and LH [33], and acting as an anti-

androgenic agent [34]. Conversely, excessive copper plays 

a role in the development of PCOS by affecting the 

secretion of adrenocorticotropic hormone and luteinizing 

hormone [35], reducing progesterone levels, and inhibiting 

the absorption of zinc, which is pertinent to the 

reproductive pathway [36,37]. 

A noteworthy observation was the significant inverse 

correlation identified between Cu and Zn in Patients with 

Insulin Resistance, as illustrated in (Fig. 8). 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Correlation between serum Cu and serum Zn in patients with insulin resistance (r2 = 0.2347, P-value = 0.001). 
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3. CONCLUSION 

The study revealed a significant role for zinc and 

copper in the development of this syndrome, either through 

their association with insulin resistance or as isolated risk 

factors independent of insulin resistance. Consequently, 

we advocate for monitoring serum levels of zinc and 

copper and recommend maintaining them within the 

normal range, particularly for women with PCOS and 

women of childbearing age. 

 

4. MATERIALS AND METHODS 

This research was conducted at Al-Basil Hospital in 

Homs, Syria, spanning from June to September 2022, with 

each study participant providing informed written consent 

prior to participation. 

 

4.1. Patients 

Sixty-three (63) untreated adult female patients who 

were newly diagnosed with polycystic ovary syndrome 

were included in the study, along with 25 age-matched 

healthy subjects serving as the control group. The 

inclusion criteria stipulated that participants must be 

female, aged 18-43, and newly diagnosed with PCOS, 

without having commenced treatment. Exclusion criteria 

comprised individuals with diabetes, hyperprolactinemia, 

thyroid diseases, congenital adrenal hyperplasia, uterine 

cyst, breast cancer, epilepsy, Cushing's disease, and those 

who had used hormonal drugs, metformin, or supplements 

containing zinc and copper over specified time periods. 

 

4.2. Samples 

Venous blood samples were obtained from the enrolled 

patients after an overnight fasting period. The samples 

were collected from the cubital vein in sterile and dry 

plastic tubes and incubated in a water bath at 37°C for 30-

45 minutes. Subsequently, the tubes underwent 

centrifugation at 3000 rpm for 10 minutes, leading to the 

separation of serum after clot formation. The serum was 

then divided into two parts, with the first part used for 

conducting biochemical tests (including fasting glucose, 

zinc, and copper) using a spectrophotometer. The second 

part was stored at -20°C for later measurement of fasting 

insulin via an ELISA device. 

Insulin resistance was assessed using the homeostatic 

model assessment for insulin resistance (HOMA-IR) and 

the quantitative insulin sensitivity check index (QUICKI). 

An HOMA-IR value of ≥ 2.5 and a QUICKI value of ≤ 

0.333 were considered indicative of insulin resistance. The 

HOMA-IR and QUICKI were calculated using their 

respective formulas. 

 

𝐻𝑂𝑀𝐴_𝐼𝑅

= 𝐺𝑙𝑢𝑐𝑜𝑠𝑒(𝑚𝑚𝑜𝑙 𝐿⁄ ) ∗ 𝐼𝑛𝑠𝑢𝑙𝑖𝑛𝑒(𝑚𝑈 𝐿⁄ ) 22.5⁄  

𝑄𝑈𝐼𝐶𝐾1

= 1 log 𝐼𝑛𝑠𝑢𝑙𝑖𝑛 (𝑚𝑈 𝑚𝐿) + log 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 (𝑚𝑔 𝑑𝐿)⁄⁄⁄  

 

4.3. Materials 

In this study, various laboratory equipment was 

utilized, including 5 mL syringes, 5 mL dry tubes, yellow 

and blue micropipette heads, Eppendorf tubes, tube 

holders, micropipettes of different capacities, a centrifuge, 

and a water bath. 

• Zınc monolıquıd: BIOREX / UNITED KINGDOM  

• Copper (urıne/serum) colorımetrıc: BIOREX / 

UNITED KINGDOM  

• Glucose: BIOSYSTEM / SPANISH  

• Insulın ELISA: DIAMETRA / ITALY  

 

4.4. Devices 

The analysis of fasting blood glucose, zinc, and copper 

levels was conducted using a UV-visible 

spectrophotometer, while the analysis of fasting insulin 

hormone was performed using an ELISA device. 

• ELISA: REBONIC 

• U.V VIS spectrophotometer single beam, Simitronic 

 

4.5. Statıstıcal Analysıs 

Statistical analysis was performed using the Statistical 
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Package for the Social Sciences (SPSS) version 26.0 for 

Windows. Descriptive statistics were reported as mean ± 

standard deviation (SD). To compare means, Student's t-

test was utilized. For examining binary correlations, 

Pearson's correlation test was employed, with the results 

presented as correlation coefficient (r) and P-value. 

Statistical significance was defined as P < 0.05. 

Acknowledgements: I would like to thank Dr. 

Mouhab AL-Hosami for his immense contribution to the 

selection of appropriate patients. 

Conflict of interest statement: The authors declared 

no conflict of interest. 

 

 

 

REFERENCES 

 

 

1. Ajmal N., Khan S., and Shaikh R. Polycystic ovary 

syndrome (PCOS) and genetic predisposition: A review 

article. European Journal of Obstetrics & Gynecology 

and Reproductive Biology: X. 2019; 3:100060. 

http://dx.doi.org/10.1016/j.eurox.2019.100060 

2. Peña A. S., Codner E., and Witchel S. Criteria for 

Diagnosis of Polycystic Ovary Syndrome during 

Adolescence: Literature Review. Diagnostics. 2022; 

12:1931. https://doi.org/10.3390/diagnostics12081931. 

3. El Sayed A. M., El Ghwaji W., Youseif, Z. M., El-Deeb 

K. S., and ElSayed, A. M. Fertility control impact of the 

aerial parts Ferula tingitana L. via alteration of 

hypothalamic-pituitary-gonadal axis responses of female 

Wistar rats. Jordan Journal of Pharmaceutical Sciences. 

2022; 15(1). 

4. Saadia Z. Follicle Stimulating Hormone (LH: FSH) Ratio 

in Polycystic Ovary Syndrome (PCOS) - Obese vs. Non- 

Obese Women. Medical archives (Sarajevo, Bosnia and 

Herzegovina). 2020; 74(4):289-293.  

http://dx.doi:10.5455/medarh.2020.74.289-293. 

5. Teede H., Michelmore J., McCallister V., and Norman R. 

Norman RJ on behalf of the International PCOS Network. 

Recommendations from the international evidence-based 

guideline for the assessment and management of 

polycystic ovary syndrome. Fertil Steril In press, (2018). 

6. Xu, Y. and Qiao, J. Association of Insulin Resistance and 

Elevated Androgen Levels with Polycystic Ovarian 

Syndrome (PCOS): A Review of Literature. Journal of 

Healthcare Engineering. 2022.  

https://doi.org/10.1155/2022/9240569. 

7. Rocha, A. L., Oliveira, F. R., Azevedo, R. C., Silva, V. 

A., Peres, T. M., Candido, A. L., Gomes, K. B., and Reis, 

F. M. Recent advances in the understanding and 

management of polycystic ovary syndrome. 

F1000Research. 2019; 8:565.  

https://doi.org/10.12688/f1000research.15318.1. 

8. Safarzad, M., Jazi, M. S., Kiaei, M.,  Asadi, J. Lower 

serum zinc level is associated with higher fasting insulin 

in type 2 diabetes mellitus (T2DM) and relates with 

disturbed glucagon suppression response in male patients. 

Prim Care Diabetes. 2023; 17(5):493-498. https://doi: 

10.1016/j.pcd.2023.05.008 . 

9. Khalighinejad, P., Suh, E. H., Sherry, A. D. MRI Methods 

for Imaging Beta-Cell Function in the Rodent Pancreas. 

Methods Mol Biol. 2023; 2592:101-111. https://doi:  

10.1007/978-1-0716-2807-2_7 .  

10. Zhang C. Internalization and trafficking of zinc 

transporters. Methods in Enzymology. 2023; 687:241-262. 

https://doi: 10.1016/bs.mie.2023.06.004  

11. Tamura Y. The Role of Zinc Homeostasis in the 

Prevention of Diabetes Mellitus and Cardiovascular 

Diseases. Journal of Atherosclerosis and Thrombosis. 

2021; 28:1109-1122. http://doi.org/10.5551/jat.RV17057. 

http://dx.doi.org/10.1016/j.eurox.2019.100060
https://doi.org/10.1155/2022/9240569
https://pubmed.ncbi.nlm.nih.gov/?term=Safarzad+M&cauthor_id=37391316
https://pubmed.ncbi.nlm.nih.gov/?term=Jazi+MS&cauthor_id=37391316
https://pubmed.ncbi.nlm.nih.gov/?term=Kiaei+M&cauthor_id=37391316
https://pubmed.ncbi.nlm.nih.gov/?term=Asadi+J&cauthor_id=37391316
https://doi.org/10.1016/j.pcd.2023.05.008
https://pubmed.ncbi.nlm.nih.gov/?term=Khalighinejad+P&cauthor_id=36507988
https://pubmed.ncbi.nlm.nih.gov/?term=Suh+EH&cauthor_id=36507988
https://pubmed.ncbi.nlm.nih.gov/?term=Sherry+AD&cauthor_id=36507988
https://doi.org/10.1016/j.pcd.2023.05.008
https://doi.org/10.1007/978-1-0716-2807-2_7
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+C&cauthor_id=37666634
https://www.sciencedirect.com/bookseries/methods-in-enzymology
https://doi/
https://doi.org/10.1016/bs.mie.2023.06.004
http://doi.org/10.5551/jat.RV17057


The Relationship between Levels                                                                                               Lana Alzahr, Sulaf Alwassouf 

- 251 - 

12. Kopeček, J., Bajtošová, L., Veřtát, P., and Šimek, D. 

Structure Development in Gradually Swaged 

Electroconductive Bars. Materials (Basel). 2023; 

16(15):5324.  

https://doi: 10.3390/ma16155324.  

13. Ribeiro, J. C., Braga, P. C., Martins, A. D., Silva, B. M., 

Alves, M. G., and Oliveira P.F. Antioxidants Present in 

Reproductive Tract Fluids and Their Relevance for 

Fertility. Antioxidants. 2022; 10:1441. 

14. Nishito Yand Kambe T. Absorption mechanisms of iron, 

copper, and zinc: An overview. Journal of Nutritional 

Science and Vitaminology. 2018; 64:1-7. 

15. Taylor, A. A., Tsuji, J. S., Garry, M. R., McArdle, M. E., 

Goodfellow, Jr. W. L., Adams, W. J., and Menzi, C. A. 

Critical Review of Exposure and Effects: Implications for 

Setting Regulatory Health Criteria for Ingested Copper. 

Environmental Managements. 2020; 65:(131-159):5324. 

https://doi.org/10.1007/s00267-019-01234-y 

16. Malavolta, M., Piacenza, F., Basso, A., Giacconi, 

R., Costarelli, L., and Mocchegiani, E. Serum 

copper to zinc ratio: Relationship with aging and 

health status. Elsevier. 2015; 151:93-100. 

http://dx.doi.org/10.1016/j.mad.2015.01.004 

17. Juita, T. R., Hildayanti, R. A., Wahyuni, S., Handono, K., 

Irwanto, Y., Raharjo, B., Rahajeng, R., and Handayani, T. 

S.  The Effect of Black Garlic Extract on Levels of IL-6, 

TGF-β, TNF-α, IL-10, Vaginal pH, Bacterial Colonies in 

Pregnant Rats Aerobic Vaginitis Model.  Jordan Journal 

of Pharmaceutical Sciences. 2022; 15(4).  DOI: 

https://doi.org/10.35516/jjps.v15i4.669  

18. Sidhu, A., Miller, P. J., and Hollenbach A. D. FOXO1 

stimulates ceruloplasminpromoter activity in human 

hepatoma cells treated with IL-6. Biochem. Biophys. Res. 

Commun. 2011; 404:963–967. 

19. Beker, A. T., Chang, S. M., Guthrie, G. J., Maki, A. B., 

Ryu, M. S., Karabiyik, A. and Cousins, R. J. Zinc 

transporter ZIP14 functions in hepatic zinc, iron and 

glucosehomeostasis during the innate immune response 

(endotoxemia). PLoS One. 2012; 7:e48679. 

20. Kanafchian, M., Mahjoub, S., Esmaeilzadeh, S., 

Rahsepar, M., and Mosapour, A. Status of serum selenium 

and zinc in patients with the polycystic ovary syndrome 

with and without insulin resistance. Middle East Fertility 

Society Journal. 2017; 23:241-245.  

http://dx.doi.org/10.1016/j.mefs.2017.11.003. 

21. Mohammed, A. H., Awad, N. A., and AL-Fartosy, A.JM. 

Study of Trace Elemants Selenium, Copper, Zinc and 

Manganese Level in Polycystic Ovary Syndrome (PCOS). 

International Journal for Research in Applied Sciences 

and Biotechnology. 2019; 6:2349-8889.  

http://dx.doi.org/10.31033/ijrasb.6.6.4. 

22. Kanafchian, M., Esmaeilzadeh, S., Mahjoub, S., 

Rahsepar, M., and Ghasemi M. Status of Serum Copper, 

Magnesium, and Total Antioxidants Capacity in Patients 

with Polycystic Ovary Syndrome. 2019.  

http://dx.doi.org/10.1007/s12011-019-017057. 

23. Pokorska-Niewiada, K., Brodowska, A. and Szuzuko, M. 

The Content of Minerals in the PCOS Group and the 

Correlation with the Parameters of Merabolism. 

Nutrients. 2021; 13:2214.  

http://dx.doi.org/10.3390/nul3072214. 

24. Bellomo, E., Massarotti, A., Hogstrand, C. and Maret, W. 

Zinc ions modulate protein tyrosine phosphatase 1B 

activity. Metallomics. 2014; 6:1229–1239.  

http://doi.org/10.5551/jat.RV17057.  

25. Alqassieh, R., Odeh, M., and Jirjees, F. Intraoperative 

Insulin Infusion Regimen versus Insulin Bolus Regimen 

for Glucose Management during CABG Surgery: A 

Randomized Clinical Tr. Jordan Journal of 

Pharmaceutical Sciences. 2023; 16(3).  

DOI: https://doi.org/10.35516/jjps.v16i3.708  

https://pubmed.ncbi.nlm.nih.gov/?term=Kope%C4%8Dek+J&cauthor_id=37570027
https://pubmed.ncbi.nlm.nih.gov/?term=Bajto%C5%A1ov%C3%A1+L&cauthor_id=37570027
https://pubmed.ncbi.nlm.nih.gov/?term=Ve%C5%99t%C3%A1t+P&cauthor_id=37570027
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0imek+D&cauthor_id=37570027
https://doi.org/10.3390/ma16155324
https://doi.org/10.1007/s00267-019-01234-y
https://doi.org/10.35516/jjps.v15i4.669
http://dx.doi.org/10.3390/nul3072214
http://doi.org/10.5551/jat.RV17057
https://doi.org/10.35516/jjps.v16i3.708


Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 2, 2024 

- 252 - 

26. Vardatsikos, G., Pandey, N. R., and Srivastava, A. K. 

Insulino-mimetic and anti-diabetic effects of zinc. J Inorg 

Biochem. 2013; 120:8-17.  

http://doi.org/10.5551/jat.RV17057 

27. Naskar, A.,  Dasgupta, A., and Acharya, K.  Antioxidant 

and Cytotoxic Activity of Lentinus fasciatu. Jordan 

Journal of Pharmaceutical Sciences. 2023; 16(1): 2023. 

DOI: https://doi.org/10.35516/jjps.v16i1.1064  

28. Rochette, L. et al. Diabetes, oxidative stress and 

therapeutic strategies. Biochimica et Biophysica Acta. 

2014; 1840(9):2709-2729. 

29. Bizon, A., Slowiak, A., Franik, G., Biernacka-Bartnik, A., 

and Madej, P. Zinc, copper, sirtuin 1 concentration, and 

glucose metabolism parameters in the blood of women 

with polycystic ovary syndrome. Gynecological 

Endocrinology. 2020.  

http://doi.org/10.1080/09513590.20201751111 

30. Cummings, J. E. and Kovacic, J. P. The ubiquitous role of 

zinc in health and disease. J. Vet. Emerg. Crit. Care. 2009; 

19:215-240. 

31. Nasiadek, M., Stragierowicz, J., and Kilanowicz, A. The 

Role of Zinc in Selected Female Reproductive System 

Disorders. Nutrients. 2020; 12:2464.  

http://doi.org/103390/nu12082464. 

32. Cummings, J. E. and Kovacic, J. P. The ubiquitous role of 

zinc in health and disease. J. Vet. Emerg. Crit. Care. 2009, 

19: 215-240. 

33. Wang, H., Hu, Y. F., Hao, J. H., Chen, Y. H., Su, P.Y., 

Wang, Y., Yu, Z., Fu, L., Xu, Y. Y., Zhang, C. et al. 

Maternal zinc deficiency during pregnancy elevates the 

risks of fetal growth restriction: A population-based birth 

cohort study. Sci. Rep. 2015; 5:11262. 

34. Özer, A., Bakacak, M., Kıran, H., Ecran, Ö., Köstö, B., 

Kanat-Pektaş, M., and Aslan, F. Increased oxidative stress 

is associated with insulin resistance and infertility in 

polycystic ovary syndrome. VIA MEDICA. 2016; 

87(11):733-738. http://doi.org/10.5603/GP.2016.0079. 

35. Hussien, K. A., Al-Salih, R. M., and Ali, S. A. Evaluation 

of Hormones and Trace Elements in Women with 

Unexplained Infertility. University of Thi-Qar Journal of 

Medicine. 2017; 14:2. 

36. Watts, D. and David, L. Trace Elements and Other 

Essential Nutrients. 4th Writ B-L-O-C-K Ed USA. 

(2003). 

37. David, L. and Watts, D. The Nutritional Relationships of 

Copper. J Orthomol Med. 1989; 4:99-108.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://doi.org/10.5551/jat.RV17057
https://doi.org/10.35516/jjps.v16i1.1064
http://doi.org/10.1080/09513590.20201751111
http://doi.org/10.5551/jat.RV17057
http://doi.org/10.5603/GP.2016.0079.


The Relationship between Levels                                                                                               Lana Alzahr, Sulaf Alwassouf 

- 253 - 

 
الزّنك والنّحاس ومقاومة الأنسولين لدى مريضات متلازمة المبيض متعدّد الكيسات في  العلاقة بين مستويات 

 مدينة حمص 
 

 1، سلاف الوسوف1*لانا الزهر

 
 .قسم الكيمياء الحيويّة والأحياء الدّقيقة، كليّة الصّيدلة، جامعة البعث، حمص، سوريا 1

  

 ملخـص
الزّنك  :  الهدف مستويات  بين  العلاقة  لمتلازمة دراسة  الرّئيسيّة  الإمراضيّة  الآليّة  هي  الّتي  الأنسولين  ومقاومة  والنّحاس 

 ص. ، ومقارنة مستويات المعادن مع الأشخاص الأصحّاء في حم(PCOS) المبيض متعدّد الكيسات
الكيسات، وقبل أن  تتم معالجتهن    مريضة تم تشخيصهن حديثاً بمتلازمة المبيض متعدّد  63شمل البحث  :  طريقة العمل

تمَّ الحصول على عيّنات الدّم باستخدام .  امرأة سليمة من نفس العمر  25في مستشفى الباسل في حمص، سوريا، إلى جانب  
وفي وقت لاحق، تم حساب المؤشّرات .  الأنابيب الجافّة للقيام بمقايسة مستويات الزّنك والنّحاس والغلوكوز وهرمون الأنسولين

 .  QUICKو HOMA-IR التّالية
بشكل ملحوظ  :  النّتائج أقل  الدّم  في  الزّنك  المريضات، كانت مستويات  ، وكانت مستويات p = 0.000)) في مجموعة 

الدّم أعلى بشكل ملحوظ   تعانين من    في المريضات.  مقارنة بالأشخاص الأصحّاء   p = 0.000))النّحاس في  الّلواتي 
، وكانت مستويات النّحاس في الدّم  (p = 0.004)مقاومة الأنسولين، كانت مستويات الزّنك في الدّم أقل بشكل ملحوظ  

الّلواتي لا    في المريضات.  الّلواتي لا تعانين من مقاومة الأنسولين  مقارنة بالمريضات(  p = 0.000)أعلى بشكل ملحوظ  
، ( p = 0.000)لحوظ  السّليمات، كانت مستويات الزّنك في الدّم أقل بشكل م  تعانين من مقاومة الأنسولين مقارنة بالنّساء

   HOMA-IRوُجِد ارتباط إيجابي بين النّحاس و (.  p = 0.000)وكانت مستويات النّحاس في الدّم أعلى بشكل ملحوظ  
(r=0.572**) p=0.000))وارتباط سلبي بين الزّنك و ،HOMA-IR  (r=-0.865**)   (p=0.000) . 

على تطوّر متلازمة المبيض متعدّد الكيسات، سواء ترافقت مع مقاومة إنَّ خلل مستويات الزّنك والنّحاس له آثار  :  الخلاصة
 . الأنسولين أو تواجدت بشكل مستقل عنها

 .متلازمة المبيض متعدّد الكيسات، الزّنك، النّحاس، مقاومة الأنسولين الكلمات الدالة:
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