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            Abstract

            
               
Metallothioneins (MTs) are intracellular metal-protein which not alone have inactivated heavy metals but also have traced
                  elements while improving the antioxidant status. Serum levels of some heavy metals and trace elements showed toxic levels
                  in the end-stage renal failure. This study is aimed to determine the serum level of metallothionein in patients with chronic
                  kidney disease (CKD) and to show the effects of hemodialysis on its level. This cross-sectional study included 125 patients
                  with CKD managed with regular hemodialysis. Estimated glomerular filtration rate (eGFR) was calculated by using the Cockroft
                  and Gault equation adjusted to the body surface area (ml/min/m2), and 4 variable modified diet in renal disease (4-v MDRD) equation (ml/min/1.73m2). The mean ± SD of serum metallothionein was significantly less than the corresponding level of healthy subjects (1113.4±289.5
                  pg/ml versus 1536.0±341.4 pg/ml). Hemodialysis improves the serum level of metallothionein to attain 1437.6±406.1 pg/ml. There
                  is a non-significant correlation between serum metallothionein with the eGFR and hemodialysis did not produce a significant
                  effect on the correlation between serum metallothionein with eGFR.  We conclude that serum metallothionein level is a useful
                  prognostic marker for CKD and hemodialysis plays a role in the recovery of serum metallothionein level.
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               Introduction

            Metallothioneins (MTs) are intracellular metal-protein, which contained 20 cysteine out of 61-68 amino acids in mammalian
               (Alexander, Noble, & Kagi, 1987; Romero-Isart & Vašák, 2002). There are four MT isoforms in the mammalian, in addition, there are another 13 MTs-like proteins  (Wong & Ho, 2012). These isoforms were categorized according to their site in the soft tissue, brain, heart, kidney, reproductive organs,
               and in the stratified squamous cell epithelium  (Moffatt & Denizeau, 1997; Moffatt & Seguin, 1998). The primary function of MTs is to detoxify heavy metals and stabilize the essential metal ion in the body  (Klaassen, Liu, & Diwan, 2009; Vašák, 2005).  With respect to its physiological chelating property, MTs have high affinity to bind zinc metal, and it gets replaced
               by copper or cadmium in pathological conditions leading to an excess of copper or cadmium  (Shaw, Savas, & Petering, 1991).  Zinc-binding MTs served as an antioxidant against free radicals as it regulates the synthesis of glutathione  (Kojima-Yuasa et al., 2005).  Patients with chronic hemodialysis have significantly low levels of serum zinc, copper and manganese while the serum levels
               of cadmium, cobalt and magnesium were significantly increased than corresponding values of healthy people  (Kaya et al., 2012).  Moreover, the serum levels of zinc and selenium were significantly reduced in children with chronic kidney disease (CKD)
               managed with hemodialysis compared with healthy children or patients not subjected to hemodialysis  (Esmaeili & Rakhshanizadeh, 2019).

            Long term adverse clinical outcome of chronic hemodialysis was associated with a low concentration of zinc and significantly
               high concentrations of arsenic, mercury, and lead  (Tonelli et al., 2018). Moreover, the risk of death was associated with high levels of serum copper and cadmium  (Tonelli et al., 2018). Our hypothesis that in the established CKD, there is an alteration in the trace elements alterations and the status of
               antioxidants which changed after hemodialysis. Therefore, serum levels of MTs could be served as a marker of the effects of
               hemodialysis against these alterations. This study aimed to measure the immediate effect of hemodialysis on the serum levels
               of MTs protein in chronic hemodialysis patients with established CKD.
            

         

         
               Materials and Methods

            This cross-sectional observational study was approved by the local Scientific Committee at the Ethical board in the Hawler
               Medical University (No. 9-2664) according to the guidelines of the Helsinki.  According to the guidelines, any intervention
               used in this study does not carry any risk or harm to the patient, and the patient can refuse intervention at any time. The
               patients signed a consent form at a time of entry into the study. All participants’ rights were protected according to the
               Helsinki Declaration.
            

            
                  
                  Figure 1

                  Serum level of metallothionein in healthy subjects and chronic kidney disease patients
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               Setting
               
            

            This cross-sectional study was done in the Department of Pharmacology and Toxicology at the Hawler Medical University in Kurdistan
               region-Iraq from June to December 2018. Patients under regular hemodialysis regimen were collected from the Unit of Dialysis
               at the Rizgary Teaching Hospital in Erbil-Iraq. Eligible patients were both genders of whatever age. The criteria of inclusion
               were known cases of CKD of whatever etiological managed with regular regimens of hemodialysis. Patients with chronic renal
               failure due to terminal illness, intoxication with heavy metals, abnormal electrolytes levels, and complicated pregnancy were
               excluded from the study.
            

            
               Sample size estimation
               
            

            The sample size was calculated by using a margin of errors (α = 0.05, β = 0.2), two tails and 95% confidence interval. Therefore,
               the sample size is equal to 1 + 2C Í  (Standard deviation/difference between means)2,  where C represents the Constant value that derived from the statistical tables and it equals to 7.85 when the 1-β =0.8
               and α=0.05.
            

            A total number of 125 patients (66 men and 59 women) who were diagnosed as chronic kidney patients were enrolled in the study.
               The patients were grouped into Group IA: indicating the data of the patients before hemodialysis and group IB indicating the
               data of the patients after the hemodialysis. Group II represented the data of healthy subjects. 
            

            
               Clinical assessment
               
            

            The authors interviewed each patient and obtained a demographic and illness history. Anthropometric measurements, including
               height (m) and weight (kg) were recorded. 
            

            Venous blood samples drew from the patients, the sera separated by centrifugation (3,000 RPM for 15 minutes) for determination
               of the BUN, serum creatinine and metallothionein. Estimated glomerular filtration rate (eGFR) was calculated by using the
               Cockroft and Gault equation adjusted to the body surface area (ml/min/m2), and  4 variable modified diet in renal disease (4-v MDRD) equation (ml/min/1.73m2). Serum blood nitrogen urea (BNU), creatinine, and electrolytes were determined in the laboratory of the hospital as a routine
               investigation. The serum metallothionein level was measured by using the ELISA technology according to the instruction of
               the manufacturer. 
            

            
               Statistical analysis
               
            

            

            
                  
                  Table 1

                  Characteristics of the participants enrolled in the study

               

               
                     
                        
                           	
                              
                           
                           Determinants

                           
                        
                        	
                              
                           
                           Results

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Gender (Female : Male)

                           
                        
                        	
                              
                           
                           59:66

                           
                        
                     

                     
                           	
                              
                           
                           Age (year)

                           
                        
                        	
                              
                           
                           55.8±12.9

                           
                        
                     

                     
                           	
                              
                           
                           Residency

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Rural

                           
                        
                        	
                              
                           
                           32(25.6)

                           
                        
                     

                     
                           	
                              
                           
                            Urban

                           
                        
                        	
                              
                           
                           92(73.6)

                           
                        
                     

                     
                           	
                              
                           
                           Refugee

                           
                        
                        	
                              
                           
                           1(0.8)

                           
                        
                     

                     
                           	
                              
                           
                           Ethnicity

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Kurd

                           
                        
                        	
                              
                           
                           107(65.6)

                           
                        
                     

                     
                           	
                              
                           
                           Arab

                           
                        
                        	
                              
                           
                           18(14.4)

                           
                        
                     

                     
                           	
                              
                           
                           Family history of renal diseases

                           
                        
                        	
                              
                           
                           19(15.2)

                           
                        
                     

                     
                           	
                              
                           
                           Causes of renal failure

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                            Renal 

                           
                        
                        	
                              
                           
                           54

                           
                        
                     

                     
                           	
                              
                           
                            Extra-renal 

                           
                        
                        	
                              
                           
                           77

                           
                        
                     

                     
                           	
                              
                           
                           No identified cause

                           
                        
                        	
                              
                           
                           04

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Effect of hemodialysis on the renal function tests

               

               
                     
                        
                           	
                              
                           
                           Determinants

                           
                        
                        	
                              
                           
                           Before dialysis

                           
                           (n=125)

                           
                        
                        	
                              
                           
                           After dialysis

                           
                           (n=125)

                           
                        
                        	
                              
                           
                           p-value

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Blood urea nitrogen (mg/dl)

                           
                        
                        	
                              
                           
                           140.2±55.2

                           
                        
                        	
                              
                           
                           60.6±32.5

                           
                        
                        	
                              
                           
                           <0.001

                           
                        
                     

                     
                           	
                              
                           
                           Serum creatinine (mg/dl)

                           
                        
                        	
                              
                           
                           6.14±2.53

                           
                        
                        	
                              
                           
                           3.27±1.61

                           
                        
                        	
                              
                           
                           <0.001

                           
                        
                     

                     
                           	
                              
                           
                           Estimated glomerular filtration rate

                           
                           Cockraft and Gault): (ml/min)

                           
                        
                        	
                              
                           
                           13.53±6.17

                           
                        
                        	
                              
                           
                           33.92±27.02

                           
                        
                        	
                              
                           
                           <0.001

                           
                        
                     

                     
                           	
                              
                           
                           Estimated glomerular filtration rate

                           
                           4-v MDRD (ml/min/1.73m2)

                           
                        
                        	
                              
                           
                           8.74±4.12

                           
                        
                        	
                              
                           
                           24.56±18.04

                           
                        
                        	
                              
                           
                           <0.001

                           
                        
                     

                  
               

               

            

            

            
                  
                  Figure 2

                  Effect of hemodialysis on the correlation between serum metallothionen and estimated glomerular filtration rate  
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            Statistical analyses were performed using SPSS version 20.0 and Excel 2003 program for Windows. 

            The results were provided number, percentage and as mean ±SD. Two-tailed independent two-sample was used to compare between
               healthy subjects and patients with CKD, and two-tailed paired t-test was used to show the effect of hemodialysis. Simple (Pearson)
               correlation test was used to show the correlation between serum metallothionein and the estimated glomerular filtration rate.
               The differences were considered statistically significant when p ≤0.05. 
            

         

         
               Results 

            Table  1  shows the characteristics of the participants included in the study.  The majority of patients were residents in the urban
               areas which are three folds of the patients lived in the rural area. Most of the patients were of Kurd ethnicity, and a family
               history of chronic kidney disease was observed in 15.2% of patients. Extra-renal causes that related to systemic diseases
               are the etiological factors of chronic renal disease in this study. 
            

            Hemodialysis produced a significant decrease in blood indices of renal function and improved the glomerular filtration (Table  2). 
            

            Blood urea nitrogen and serum creatinine declined by 56.8% and 46.7% of the baseline levels, respectively.  Estimated glomerular
               filtration rate by using the Cockroft and Gault, and 4-vMDRD equations, improved by 2.5 and 2.8 folds of the baseline rate
               (before hemodialysis), respectively. Patients with CKD had a significant lower serum metallothionein level compared with the
               corresponding level of healthy subjects (Figure  1). 
            

            In Figure  1 shows, Group I (A): Chronic kidney disease before hemodialysis, Group I (B): Chronic kidney disease after hemodialysis, and
               Group: Healthy subjects. *p<0.001 compared with Group II, †P<0.001 compared with Group I (A).
            

            Hemodialysis elevates the level of metallothionein level, which approximates the serum level of healthy subjects. Hemodialysis
               is not producing a significant correlation between the serum metallothionein and the estimated glomerular filtration rate
               (Figure  2).
            

            Figure  2 shows, (Before dialysis r=0.117, p=0.194; after dialysis r=0.101, p=0.262) and by 4 variable modified diet in renal disease
               (4-v MDRD) equation [below figure)] (Before dialysis r=0.046, p=0.610; after dialysis r=0.091, p=0.313).
            

         

         
               Dicussion

            The results of this study show chronic kidney disease patients have significant low serum metallothionein levels which do
               not significantly correlate with estimated glomerular filtration rate. In addition, hemodialysis improves the serum level
               of metallothionein with a non-significant correlation with estimated glomerular filtration rate. Low serum metallothionein
               levels which were observed in this study may be due to the generation of the free radicals as the oxidative stress that played
               a role in the pathogenesis of chronic kidney disease  (Ziedan & Bhandari, 2019). Moreover, certain serum trace elements were increased in chronic kidney disease and contributed to the generation of free
               radicals  (Esmaeili et al., 2019; Zeng, Ai, Zhang, & Zheng, 2019). Therefore, low serum level of metallothionein and increased levels of circulating heavy metals or trace elements aggravate
               the nephrotoxicity  (Hao et al., 2015; Zeng et al., 2019). Immunohistochemistry study revealed that low score of tubular expression of metallothionein indicates a poor renal out
               cone in patients with nephritis  (Faurschou, Penkowa, Andersen, Starklint, & Jacobsen, 2008). Moreover, expression of tubular metallothionein increases with advanced age, which has a form of protective effect against
               the oxidative stress syndrome as the reactive oxygen species are increased with ageing  (Leierer et al., 2016).   Hemodialysis significantly improves the serum levels of metallothionein irrespective of the improvement of the renal
               function indices which indicates the following explanations: 
            

            a. Hemodialysis improves the binding of metallothionein with heavy metals and trace elements.  Metallothionein inactivates
               the toxic effects of circulating heavy metals which are available in an ionized form by conjugation and thereby clears it
               from the body  (Lentini et al., 2017) 
            

            b. Hemodialysis removed the trace elements, heavy metals and other nutrients from the circulation  (Joyce, Brown, Wallace, Reid, & Sinha, 2018). Therefore, higher serum level of metallothionein is the unbound form which up-regulated in response to kidney disease.
               
            

            Therefore, high serum level of metallothionein indicating that patients with chronic kidney disease were recovered from the
               toxic effects of the heavy metals and trace elements, and from oxidative stress.
            

            Limitations of the results of this study, including the determination of heavy metals, trace elements, and the status of antioxidant
               to prove the explanation of high serum levels of metallothionein.
            

         

         
               Conclusions

            We conclude that metallothionein is a useful prognostic marker for chronic kidney disease and hemodialysis plays a role in
               the recovery of the metallothionein. 
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