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Abstract: Type 2 diabetes or diabetes mellitus is a metabolic disorder characterized by an increase in blood sugar level. It is 
caused by a lack of insulin secretion, insulin action, or both. There are approximately 501,530 people living with diabetes in 
Côte d’Ivoire with an estimated prevalence of 5.19% in 2013. Unfortunately impairment of zinc and copper leads to increased 
oxidative stress, insulin resistance and diabetic complications. The study aimed to assess the zinc and copper status in patients 
with type 2 diabetes. This study involved 80 type 2 diabetics and 80 non-diabetic as controls. Glycated hemoglobin (HbA1c) 
was analyzed in whole blood using the Hitachi Roche Cobas C311. The serum assays of zinc and copper then of glycemia were 
carried out using a flame-air / acetylene atomic absorption spectrophotometer (AAS) of the brand Varian Spectr AA-20 
Victoria, Australia and on the Cobas C311 respectively. A significant decrease in zinc content (P ˂ 0.0001) and a significant 
increase in copper content as well as the Cu / Zn ratio (P ˂ 0.0001) were observed in type 2 diabetic patients compared to non-
diabetic control. The lower serum zinc values and the high Cu / Zn ratio could justify the high level of oxidative stress in 
patients with type 2 diabetes. Assessment of zinc and copper is essential in the monitoring of complications due to type 2 
diabetes. 
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1. Introduction 

Diabetes mellitus is a group of metabolic diseases 
characterized by an increase in blood glucose level. It results 
from a defective insulin secretion, insulin action or both [1]. 
Type 2 diabetes accounted for about 90-95% of all diabetes 
cases [2]. In 2019, the International Diabetes Federation (IDF) 
estimated that 463 million people are living with diabetes and 
this figure is expected to reach 578 million in 2030 and 700 
million in 2045 worldwide. In Côte d'Ivoire, the 2013 IDF 
estimates indicated the number of diabetics to be 501,530, with 
an estimated prevalence of 5.19% [3]. 

Diabetes-induced hyperglycemia is considered to be a 

leading cause of diabetic vascular complications and is 
associated with oxidative stress, impaired metabolism of 
trace elements and lipids. These changes can affect 
homeostasis [4]. Distruption of trace elements and increased 
oxidative stress in diabetes may contribute to insulin 
resistance, and then the development of diabetes [5, 6]. 
Several studies have reported that the metabolism of certain 
trace elements is altered in diabetes and that these alterations 
may be a factor contributing to the pathogenesis and 
progression of this disease [7, 4]. 

Zinc and copper are trace elements that are not synthesized 
by the body. They must be provided in sufficient quantity 
through feeding. They play a central role in the oxidation / 
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antioxidant mechanism. The imbalance in favor of oxidation 
leads to higher susceptibility to damage of oxidative tissues, 
thus leading to the pathogenesis of diabetes or diabetic 
complications [8]. 

In fact, zinc is an essential trace element which plays a 
vital role in the maintenance of many biological processes 
and cellular homeostasis. Zinc deficiency decreases the 
sensitivity of peripheral tissue cells to insulin and results in 
decreased membrane fluidity, insulin stability, insulin 
receptor synthesis, decreased cellular redox potential and 
increased sensitivity of lipoproteins to oxidative stress [9, 
10]. It is also involved in the synthesis, storage, release and 
conformational integrity of insulin [11]. It also plays a 
critical structural role for the antioxidant enzyme superoxide 
dismutase and can stabilize biological membranes to 
decrease their susceptibility to oxidative damage which can 
impair cellular functions [12]. As for copper (Cu), it acts as a 
pro-oxidant, participating in the formation of free radicals, 
catalyzed by metals. They also act as structural and catalytic 
components of certain metalloenzymes [4]. Human studies 
show that diabetic patients can have abnormal serum copper 
levels [13]. Some authors have shown that in diabetics an 
increase in copper levels can stimulate glycation and the 
release of copper ions, which accelerates oxidative stress 
[14]. Others have shown that copper has insulin-like activity 
and promotes lipogenesis [15]. Moreover, Cu metabolism can 
directly or indirectly affect glucose homeostasis; conversely, 
diabetes can also disrupt Cu metabolism [16]. 

An imbalance in the Zn / Cu or Cu / Zn ratio may be a 
better indicator of metabolic disturbance than the Zn or Cu 
status alone. This ratio in diabetes is used as an important 
marker for the assessment of vascular complications [17]. 

In Côte d'Ivoire, very few studies have looked at the link 
between diabetes and trace elements. Thus, the objective of 
this study was to evaluate the status of zinc and copper in 
type 2 diabetics patients living in Côte d’Ivoire  

2. Material and Methods 

2.1. Ethical Consideration 

This study was approved by the National Ethics and 
Research Committee (CNER) under number N / Ref: 127-18 
/ MSHP / CNESVS-km. 

2.2. Setting, Site and Study Population 

This experimental and prospective study took place in the 
Department of Biochemistry of the Institut Pasteur of Côte 
d'Ivoire (IPCI) from November 2018 to April 2019. It 
involved 80 type 2 diabetic patients and 80 healthy non-
diabetic controls. 

These people were recruited from the diabetes clinic of the 
University Hospital Center (CHU) of Treichville and at the 
community-based urban health facility (FSU-COM) of 
Yopougon toit rouge. The blood samples were sent to IPCI 
for further analysis. 

Type 2 diabetics age between 39 and 74 years were 

included in this study. On the other hand, type 1 diabetics, 
pregnants and lactating women, patients with a pathological 
history such as tuberculosis, toxicological history (alcohol, 
tobacco, drugs), taking laxatives and food supplements 
(vitamins; mineral salts) and people who refused to give 
informed consent were not included in this study. 

2.3. Samples Collection 

Blood samples were collected from the bend of the elbow 
by venipuncture from subjects fasting for at least 12 hours in 
gray tubes containing sodium fluoride and calcium oxalate, 
in purple tubes containing EDTA and in red tubes without 
anticoagulant. 

The gray and red tubes were centrifuged (horizon 
centrifuge, supplied by DRUCKER CO USA) at 3000 rpm 
for 5 minutes to obtain the sera which were stored at -20°C 
for the assay of biochemical parameters. Blood in EDTA 
tubes was used for the Hb1AC assay. 

2.4. Measuring Anthropometric Data 

Weight and height were measured using a mechanical 
scale and a fixed wall measuring rod respectively. BMI was 
calculated using the following formula: BMI = P / T² (P = 
Weight and T = Height) 

2.5. Biochemical Parameters and Trace Elements 

The determination of glycemia and glycated hemoglobin 
was carried out on the COBAS C311 HITACHI 
spectrophotometer, the principle of which is based on the 
TRINDER reaction which is an enzymatic and colorimetric 
method using a chromogen. The intensity of the color 
developed is directly proportional to the concentration of the 
assayed substance [18].  

Serum zinc and copper concentrations were determined by 
flame-air / acetylene atomic absorption spectrometry (Varian 
AA 20). The serum samples were digested with n-butanol 
(6%) for 30 min at 100°C respecting the ratio of 1/9 (v / v) 
i.e. 1 mL of serum per 9 mL pure water-n-butanol mixture. 
The protein precipitation was carried out by diluting 1 mL of 
serum in 4 mL of a hydrochloric acid solution (2 M) and each 
sample was stabilized after homogenization according to the 
method of [19].  

The obtained supernatant was aspirated directly into the flame 
atomic absorption spectrophotometer at the wavelength of 324.8 
nm for copper and 213.9 nm for zinc. For the preparation of the 
calibration range, a standard multi-elements solution 
concentrated to 1000 ppm was diluted extemporaneously to 
1/500 in nitric acid-deionized water (0.03 M). 

2.6. Statistical Analysis 

Student's t test was used for the comparison of the means 
of the concentrations. The ANOVA test including Tukey's 
multiple comparison test for analysis of variance. For both 
tests, the significance level was set at 5% (P <0.05). 
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3. Results 

Epidemiological characteristics: the mean age of type 2 
diabetics was 57 ± 1.05 years while that of controls was, 43 ± 
1.36 years (Table 1). 

The BMI of diabetics was significantly higher (27 Kg / m2) 
than that of controls (25 Kg / m2). Regarding the biochemical 
profile, the mean concentrations of glycemia and Hb1AC 
were respectively 1.85 ± 0.08 g / L and 10% in type 2 
diabetics against 0.84 ± 0, 01 g / L and 5% in the controls (P 
<0.05) (Table 1). 

The mean zinc values in type 2 diabetics (T2DM) were 
8.37 ± 0.29 µmol / L versus 16.76 ± 0.65 µmol / L in non-
diabetic controls a significant difference (p <0.05). On the 
other hand, the mean copper concentrations in diabetics was 
significantly higher 25.18 ± 0.68 µmol / L than those in 
controls 17.24 ± 0.61 µmol / L (Table 2). In diabetics, the Cu 
/ Zn ratio was significantly higher 3.51 ± 0.23 µmol / L than 
in controls 1.19 ± 0.07 µmol / L. 

The study showed a significant decrease in zinc 
concentrations and a significant increase in the Cu / Zn ratio 
in both groups of diabetics compared to non-diabetic controls 
group (p <0.05) (Figures 1, 2 and 3). 

Table 1. General characteristic of the study population. 

Parameters Type 2 diabetics  Controls P value 

Gender (M/F) 33/47 34/46 - 
Age (Année) 57 ± 1.05 46 ± 1.36 < 0.0021 
BMI (kg/m2) 27 25 0.0884 
Glycemia (g/L) 1.85 ± 0.08 0.84 ± 0.01 < 0.0001 
Hb1AC (%) 10 ± 0.33 5 ± 0.07 < 0.0001 

Normal values: Glycemia (0.75-1.10 g / L), Hb1AC (4.7-6.2%), BMI ≥ 25 
Kg / m2 (Overweight) 
BMI ≥ 30 kg / m2 (Obesity), BMI: 18.5-24.99 kg / m2 (Normal weight) 

Table 2. Average concentration of trace elements in T2DM patients and 

controls. 

Parameters Type 2 diabetics  Controls P value 

Zinc 8.37 ± 0.29* 16.76 ±0.65 < 0.0001 
Copper 25.18 ± 0,68* 17.24 ±0.61 < 0.0001 
Ratio Cu/Zn 3.51 ± 0.23* 1.19 ±0.07 < 0.0001 

Normal values: Zinc (11.5 - 18.5 µmol /L), Copper (11.0 - 22.0 µmol /L), Cu 
/ Zn ratio (1.1 - 1.3) 

 

Figure 1. Zinc Concentration in Diabetics and Controls (INS = Insulin). 

 

Figure 2. Copper Concentration in Diabetics and Controls (INS = Insulin). 

 

Figure 3. Cu / Zn ratio in Diabetics and Controls (INS = Insulin).  

4. Discussion 

The present study showed a decrease in zinc 
concentrations in type 2 diabetics compared to controls. 
These low zinc concentrations are in agreement with several 
studies, which have also found low zinc levels in type 2 
diabetics [20, 21]. These authors indicated that the low serum 
zinc level in diabetics may be due to diabetes-related 
hyperzincemia, impaired gastrointestinal absorption and 
osmotic diuresis [22]. Lower levels of Zn can affect the 
ability of pancreatic islet cells responsible for insulin 
production and secretion, as in type 2 diabetes [23]. Zinc is 
essential for the proper processing, storage, secretion and 
action of insulin in the beta (β) cells of the pancreas [24]. 
Indeed six insulin monomers need two Zn 2+ ions to form 
the hexameric structure on which mature insulin crystals rest 
[25]. When the zinc concentration decreases, there is a 
decrease in insulin secretion and peripheral insulin 
sensitivity. Zinc may be involved in the regulation of the 
signal transduction mechanism initiated by insulin receptors 
and the synthesis of insulin receptors. In addition, some 
authors indicated that the latter is necessary for the 
maintenance of glucose transporters 4 (GLUT 4) in order to 
ensure the absorption of glucose in the tissues [26]. 
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The copper concentrations observed in this study were 
significantly higher in type 2 diabetic patients compared to 
non-diabetic controls. These results corroborate to those of 
several authors [27, 21]. It is well known that copper plays a 
vital role in oxidative stress [28, 4]. 

Copper in its free form is a potent cytotoxic element due to 
its redox chemistry. It readily participates in Fenton and 
Haber-Weiss reactions to generate reactive oxygen species 
[29]. The increase in Cu ion levels in patients with type 2 
diabetes can be attributed to hyperglycemia. This 
hyperglycemia can stimulate glycation leading to the 
formation of hydrogen peroxide and the release of copper 
ions from copper binding sites to proteins [13]. The 
formation of hydrogen peroxide could cause the superoxide 
radical to oxidize at higher rates to produce a hydroxide 
radical responsible for tissue damage [30]. In addition, the 
increase in hydrogen peroxide could also lead to a decrease 
in the activity of Cu-Zn SOD, and to the release of copper 
ions, therefore to an acceleration of oxidative stress [13]. 
Therefore copper participates in the pathogenesis of diabetic 
complications. 

The Cu / Zn ratio observed in this study were significantly 
higher in type 2 diabetic patients compared to non-diabetic 
controls. These results are in agreement with those of 
Bakacak et al [17]. In fact, hyperglycemia and 
hyperinsulinemia increase the production of free radicals and 
decrease the effectiveness of antioxidant defense systems and 
therefore certain trace elements such as copper and zinc act 
as antioxidants and prevent membrane peroxidation [4]. The 
Cu / Zn ratio is an indicator of all the antioxidant defenses to 
measure oxidative stress. Abnormal Cu and Zn metabolism 
may affect SOD function and lead to decreased protection of 
cells against superoxide radicals [31, 7]. Therefore a 
modification of Cu, Zn and an increase in the Cu / Zn ratio 
influences the antioxidant defense system and increases the 
toxic effect of free radicals. 

5. Conclusion 

The present study shows that a modification of the 
metabolism of Cu, Zn in particular and of the Cu / Zn ratio is 
associated with the action of insulin and with oxidative stress 
in type 2 diabetics. The alteration of these trace elements 
could represent a major risk factor for the occurrence of 
diabetic complications.  

It is therefore necessary to take into account their 
associations with chronic hyperglycemia in the management 
of diabetic patients in order to avoid the occurrence of 
complications. 

Acknowledgements 

We thank all the healthy participants and volunteers who 
agreed to participate in this study. We would also like to 
thank Dr. Ankocthe Amos, head of the Diabetes Clinic at 
Treichville University Hospital, who allowed us to recruit 
patients from his clinic. Finally, we would like to thank the 

National Research and Ethics Committee for their valuable 
contributions to this study. 

 

References 

[1] American Diabetes Association. (2014). Diagnosis and 
classification of diabetes mellitus. Diabetes Care, 37(1): 81-90. 

[2] Farid, S. (2018). Study of correlation between anthropometric 
parameters (BMI, WC, WHR) and atherogenic index of plasma 
(AIP) in type 2 diabetics in Jeddah, Saudi Arabia. Global 
Journal of Bio-sciences and Biotechnology, 7(1): 60-69. 

[3] Fédération Internationale du Diabète.(2014). Atlas du diabète. 
6e éd. FID; 159p. 

[4] Praveeena, S., Pasula, S., and Sameera. K. (2013). Trace 
elements in diabetes mellitus. Journal of Clinical Diagnostic 
Research, 7(9): 1863. 

[5] Dubey, P., Thakur, V. and Chattopadhyay, M. (2020). - Role 
of Minerals and Trace Elements in Diabetes and Insulin 
Resistance. Nutrients, 12(6): 1864. 

[6] Cheng, Z., Tseng, Y. and White M. (2010). Insulin signaling 
meets mitochondria in metabolism. Trends in Endocrinology 
and Metabolism, 21(10): 589–598. 

[7] Atari-Hajipirloo S., Valizadeh, N., Khadem-Ansari M., Rasmi 
Y., Kheradmand, F. (2016). Altered concentrations of copper, 
zinc, and iron are associated with increased levels of glycated 
hemoglobin in patients with type 2 diabetes mellitus and their 
first-degree relatives. International journal of endocrinology, 
14(2): e33273. 

[8] Pujar, S., Pujar, L., Ganiger, A., Hiremath, K., Mannangji, N. 
and Bhuthal, M. (2014). Correlation of serum zinc, 
Magnesium, and copper with HbA1c in type 2 diabetes 
mellitus patients among Bagalkot population-A case control 
study. Medica Innovatica, 3(2): 4-8. 

[9] Miao, X., Sun, W., Fu, Y., Miao, L. and Cai, L. (2013). Zinc 
homeostasis in the metabolic syndrome and diabetes. 
Frontiers of medicine, 7(1): 31-52.  

[10] Toma, A., Makonnen, E. and Yimer, G. (2013). Role of zinc in 
diabetes mellitus, oxidative stress and other human healthy: a 
review article. American Journal of Research Communication, 
1(11): 421-426. 

[11] Ghazi, D., Mahmoud, Z., Mohamad, O., Prem, C., Amin, J., 
Lubna, M., Buthaina, A., Ibrahim, M. and Mohamad, D. 
(2014). Zinc Status among Type (2) Diabetes Mellitus in the 
State of Qatar. Journal of Public Health Frontier, 3(1): 4-10. 

[12] Cruz, K. J., de Oliveira, A. and do Nascimento Marreiro, D. 
(2015). Antioxidant role of zinc in diabetes mellitus. World 
journal of diabetes, 6(2): 333-337.  

[13] Manideep, E., Aruna, P. and Kumar, A. (2018). Study of 
serum copper and zinc levels in association with albumin and 
uric acid as antioxidant markers in type II diabetes mellitus. 
International Journal of Clinical Biochemistry Research, 5(1): 
106-111.  

[14] Lowe, J., Taveira‐da‐Silva, R. and Hilário‐Souza, E. 
(2017). Dissecting copper homeostasis in diabetes mellitus. 
International Union of Biochemistry and Molecular Biology 
Life, 69(4): 255-262.  



 Advances in Biochemistry 2020; 8(4): 57-61 61 
 

[15] Olaniyan, O., Awonuga, M., Ajetunmobi, A., Adeleke, I., 
Fagbolade, O., Olabiyi, K., Oyekanmi, B. and Osadolor, H. 
(2012). Serum copper and zinc levels in Nigerian type 2 
diabetic patients. African Journal of Diabetes Medicine, 20(2): 
36-38. 

[16] Hordyjewska, A., Popiołek L. and Kocot, J. (2014). The many 
‘‘faces’’ of copper in medicine and treatment. Biometals, 
27(4): 611-621.  

[17] Bakacak, M., Kılınç, M., Serin, S., Ercan, Ö., Köstü, B., Avcı, 
F., Kıran, H. and Kıran, G. (2015). Changes in copper, zinc, 
and malondialdehyde levels and superoxide dismutase 
activities in pre-eclamptic pregnancies. Medical science 
monitor, 21: 2414-2420. 

[18] Deyhimi, F., Arabieh, M. and Parvin, L. (2006). Optimization 
of the Emerson–Trinder enzymatic reaction by response 
surface methodology. Biocatalysis and Biotransformation, 24: 
263-271. 

[19] Banjoko, S., Oseni, F., Togun, R., Onayemi O., Emma-Okon, 
B. & Fakunle, J. (2012). Iron status in HIV-1 infection: 
implications in disease pathology. BMC Clinical Pathology, 
12: 26-32. 

[20] Devi, T., Hijam, D., Dubey, A., Debnath, S., Oinam, P., Devi, 
N. and Singh, W. (2016). Study of serum zinc and copper 
levels in type 2 diabetes mellitus. International Journal of 
Contemporary Medical Research, 3(4): 1036-1040. 

[21] Sanghani, H., Parmar, V. and Khubchandani, A. (2018). 
Correlation of trace elements (serum zinc and copper) in type 
2 diabetic patients with and without complications. 
International Journal of Clinical Biochemistry and Research, 
5(2): 249-253. 

[22] Masood, N., Baloch, G., Ghori, R., Memon, I., Memon, M. 
and Memon, M. (2009). Serum zinc and magnesium in type-2 
diabetic patients. Journal of College of Physicians and 
Surgeons Pakistan, 19(8): 483-486. 

[23] Khan, F., Al Jameil, N., Arjumand, S., Khan, M., Tabassum, 
H., Alenzi, N., Hijazy, S., Alenzi S., Subaie S. and Fatima S. 
(2015). Comparative study of serum copper, iron, magnesium, 

and zinc in type 2 diabetes-associated proteinuria. Biological 
Trace Element Research, 168(2): 321-329. 

[24] Tripathy, B., Chandalia, H., Das, A. and Rao, P. (2012). 
RSSDI Textbook of Diabetes Mellitus. Jaypee Brothers, 
Medical PublishersLTd, India. 259p. 

[25] Li, Y. (2014). Zinc and insulin in pancreatic beta-cells. 
Endocrine 45(2): 178-189. 

[26] Buchner, D., Charrier, A., Srinivasan, E., Wang, L., Paulsen, 
M., Ljungman, M., Bridges, D. and Saltiel, A. (2015). Zinc 
finger protein 407 (ZFP407) regulates insulin-stimulated 
glucose uptake and glucose transporter 4 (Glut4) mRNA. 
Journal of Biological Chemistry, 290(10): 6376-6386. 

[27] Kumar D., Priya V., Jaiprabhu J. & Ramalingam K., 2014. - 
Serum copper and zinc levels significance in type 2 diabetic 
patients Journal of Medical Science and Technology, 3(2): 79-
81. 

[28] Omer, T., Saeed, A. and Elmukashfi, S. (2020). Assessment of 
Serum Zinc and Copper Levels among Sudanese Patients with 
Diabetes Mellitus Type 2 in Khartoum State-Sudan. Journal 
of Advances in Medicine Medical Research, 32(4): 120-125. 

[29] Sarkar, A., Dash, S., Barik, B., Muttigi, M., Kedage, V., 
Shetty, J. and Prakash, M. (2010). Copper and ceruloplasmin 
levels in relation to total thiols and GST in type 2 diabetes 
mellitus patients. Indian journal of clinical biochemistry, 
25(1): 74-76. 

[30] Dworzański, J., Strycharz-Dudziak, M., Kliszczewska, E., 
Kiełczykowska, M., Dworzańska, A., Drop, B. and Polz-
Dacewicz, M. (2020). Glutathione peroxidase (GPx) and 
superoxide dismutase (SOD) activity in patients with diabetes 
mellitus type 2 infected with Epstein-Barr virus. Plos one, 
15(3): e0230374.  

[31] Marreiro, D., Cruz, K., Morais, J., Beserra, J., Severo, J. and 
De Oliveira, A. (2017). Zinc and oxidative stress: current 
mechanisms. Antioxidants, 6(2): 1-10. 

 


