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Abstract: Heavy metals are released into the environment through both human and natural sources, 

may have a direct hepatic toxicity and are involved in chronic liver diseases. Modification in the 

regulation of heavy metals metabolism enhanced hepatitis c virus (HCV) replication which 

ultimately reduced outcomes of anti-viral therapy in chronic HCV patients. Chelation therapy with 

new drugs seems to eradicate HCV and may prevent liver complications. The present study was 

planned to explore the effects of MiADMSA (lipophilic chelating agent) for achieving maximum 

heavy metals elimination in hepatitis c virus patients with minimum side effects. For this purpose 

concentration of heavy metal was determined in HCV patients and established correlation of heavy 

metals between healthy persons and HCV patients. Atomic absorption spectrophotometer (AAS) was 

used to explore them. Concentrations of heavy metal in different samples (blood serum, nails and 

hair) of patients and healthy individuals. Result revealed that heavy metals (Lead, Cobalt, Cadmium, 

Manganese, Iron and Cooper) concentration were significantly higher in blood of HCV patients as 

compared to normal persons, but some metals like Ni and Zn were present in normal concentration 

and in low concentration respectively. After chelation with monoisoamyl DMSA (MiADMSA) a 

significant amount of heavy metals was excreted in the urine in a dose dependent manner. It was 
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generally observed from the results that TDS is a better treatment option than BD for chelation of 

heavy metals in hepatitis c virus patients. This chelation therapy will be helpful to reverse the HCV 

related health problems. 

Keywords: monoisoamyl DMSA; hepatitis c virus; atomic absorption spectrophotometer; chelation; 

hepatocellular carcinoma 

 

Abbreviations: ASS: Atomic absorption spectrophotometer; ALT: alanine aminotransferase; AST: 

Aspartate Aminotransferase (AST); BD: bis in die (twice in a day); BMI: Body mass index; BP: 

Blood Pressure; Cd: Cadmium; Cu: Copper; CHC: chronic hepatitis C; DMSA: Dimercaptosuccinic 

acid; Fe: Iron; GSSG: Oxidized glutathione; HCV: Hepatitis C virus; MiADMSA: Monoisoamyl 2, 

3-dimercaptosuccinic acid; Mn: Manganese; NADPH: Nicotinamide adenine dinucleotide phosphate; 

Pb: Lead; Pd: Palladium; Sn: selenium, TDS: thrice in a day 

1. Introduction 

Hepatitis is the inflammation of liver and it is characterized by the injurious to liver cells. Viral 

hepatitis is a big health problem around the globe. It is more prevalent in developing countries. In 

Faisalabad district of Pakistan 10–12% population is suffering from HCV [1–4]. HCV infection leads 

to chronic hepatitis which increases the risk of hepatic steatosis, fibrosis, cirrhosis, and hepatocellular 

carcinoma [5–7]. Hepatic diseases modify the regulation of heavy metals metabolism and any 

deregulation in homeostasis can cause inflammatory changes and oxidative stress, which leads to 

enhanced HCV replication reduced the efficacy of anti-viral therapy in chronic hepatitis C (CHC) 

patients [1,8]. The emergence of new chelating agents may have a major impact on the treatment of 

many diseases to prevent serious complications. 

It was generally seen that concentration of heavy metals are enhanced in HCV patients. As these 

heavy metals are very toxic [9] they cause pathological change of organs which ultimately leads to 

cancer [10]. Despite their hazards some metals have essential function in humans life, it was 

investigated that low amount of trace elements and infectious diseases often coexist and had very 

complex interactions. These are involved in most of the immunological, physiological and 

biochemical activities. They are carrying out many metabolic functions in the liver e.g. enzymatic 

functions, oxidative damage, protein synthesis, anti-oxidant defense, interferon therapy response, 

immunological competence and changes in virus genomes [11]. A large numbers of trace elements 

such as zinc (Zn), manganese (Mn), selenium (Sn), copper (Cu), have immunomodulatory functions 

and thus influenced variety of viral infections. It was also correlated that Selenium level decreases in 

HCV patients due to defense strategies of organisms induced by the various carotenoids. Similarly 

zinc levels in the serum of HCV patients lowers with severity of disease, Copper accumulation in 

fibrotic livers caused by chronic HCV infection may be contributed to hepatic injury and thus its 

presence increases the chances of HCV infection [12]. Cadmium placed a unique level among the 

metals due to its toxification. Other metals like Cu, Co, Pd, Nickle (Ni), iron (Fe) and Mn have a 

toxic role as well as act as immunomodulatory in living beings. For the detoxification of these metals 

chelation therapy are used in which the toxic metal complex are ligated with biological ligands 



1140 

Mathematical Biosciences and Engineering   Volume 16, Issue 3, 1138–1149. 

which can further be excreted from body through urinary system [13]. In this therapy chelates 

(detoxificant) are injected or engulfed orally [14]. 

Cytotoxicity mechanism through virus core proteins, recurring immune-mediated progressions, 

prolonged inflammation, and triggering oxidative pressure through Fe overload appear to play an 

significant role in HCV infection-induced liver impairment [15]. Oxidative damage that is caused by 

due to pro-oxidants and anti-oxidant. Recent study has shown that pointedly advanced oxidative 

stress status was present in prolonged hepatitis c patients [16]. Prolonged inflammation is responsible 

for increased oxidative stress because polymorphonuclear cells and Kupffer cells stimulate 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidase to constantly produce reactive 

oxygen radicals. Oxidative damage not only disturbs the effectiveness of immune response 

mechanism [17], but also enhance the progress of liver impairment. It is supposed that aspects 

causative to oxidative damage are dynamic to the incidence and pathogenesis of prolonged hepatitis 

c virus. Multiple physiologic progressions in the liver is influenced by numerous vital trace metals 

like copper (Cu), Fe and zinc (Z). These progressions consists of enzymatic activities, immune 

responses, oxidative-antioxidant status, erection and function of proteins [18]. Consociate of 

nonessential metals can also produce oxidative damage that could enter the body via contaminated 

food, dust, water and air. Lead (Pb), aluminum (Al), arsenic and cadmium (Cd) in precise may 

persuade toxic possessions escorted by liver injury and inflammation [19]. The contaminated indices 

might be triggered principally by an inequality of immunodisruptive effects, antioxidant defenses 

and interactions among toxic and vital trace metals [20]. This recommends that an amendment in the 

prestige of trace metals subsidizes pointedly to augmented oxidative pressure which can in turn lead 

to an upsurge in pathological infection, reliable with the liver swelling and grievance frequently seen 

in patients with chronic hepatitis C. 

The present study explore the heavy metal concentrations in HCV patients and established 

correlation of heavy metals between healthy persons and HCV patients. monoisoamyl 2, 3-

dimercaptosuccinic acid (lipophilic chelator) was used in chelation therapy to prevent health 

problems in HCV patients which are due to poisonous concentration of heavy metals. This chelation 

therapy will be helpful to reverse the HCV related health problems. 

2. Material and methodology 

Study population was divided into healthy control subjects (n = 25) and hepatitis c patient  

(n = 25); All patients and control subjects were age and sex matched disparate individuals from 

Faisalabad region. Enrolment of patients was carried out after detailed demonstration of study 

subjects and submission of signed consent letter and questionnaire about the demographic conditions, 

health status, disease history, medication record and smoking status of patients. The diagnosis of 

hepatitis c is based on history of chronic significant, clinical signs of liver disease and supporting 

laboratory test which are AST, ALT and bilirubin level and gamma glutamyltransferase and 

ultrasonographic features. The height, weight, BP and BMI were recorded in both the groups. 

2.1. Collection of samples 

A 5 ml blood sample was drawn from every patient and control individual. The blood was 

transferred into plain tube and allowed to clot at 37 ℃ then centrifuged at 4600 rpm for 10 minutes. 
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Serum was separated and stored at −40 ℃until analyses. The nails & hairs samples from control 

and patients were collected after 7 days from last cut, and then these samples were washed and 

stored for further processing. Blood, nails and hair samples were digested by using nitric acid 

and Perchloric acid. 

2.2. Determination of heavy metals 

Concentrations of the heavy metals were determined in serum samples of hepatitis c patients. 

Analytical analysis was carried out in Hi-tech Laboratory of University of Agriculture Faisalabad 

(UAF) using Hitachi polarized Zeeman AAS, Z-8200, Japan model with standard burner as atomizer. 

2.3. Synthesis of monoisoamyl DMSA 

Dimercaptosuccinic acid (DMSA) was purchased from Sigma Aldrich. Monoisoamyl  

2, 3-dimercaptosuccinic acid (MiADMSA) was synthesized by the controlled esterification of 

DMSA with the corresponding alcohol (isoamyl alcohol) in acidic medium (11). 

 

Figure 1. Scheme for synthesis of MiADMSA. 

The product was purified (purity 99.9%) and characterized using spectral and analytical 

methods before experimentation. The samples were stored, refrigerated in a dessicator to avoid 

oxidation and thermal decomposition. MiADMSA was dissolved in 5% sodium bicarbonate 

solution. The antidote solution was prepared immediately before use. MiADMSA was given 500 mg 

per day orally in two and three separated doses for every supplementary day for 5 weeks. It was 

given between meals. After chelation the urine samples were collected and analyzed. Heavy metals 

were analyzed from urine samples. Analytical analysis was performed with atomic absorption. 

Encet test was applied for the statistical analysis. The probability level of 95% was taken as 

significant in all cases. 
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3. Results 

The patients group was 25 patients with chronic HCV infections that included 12 males and 13 

females (aged 35 ± 15 years), ranging between 20 and 65 years. The control group comprised 25 

healthy volunteers that included 12 males and 13 females aged between 19 and 55 (mean of 40 ± 14) 

years (Table1). 

Table 1. Age and gender distribution of control and HCV patients group. 

Group Age in years  Gender  

 N Mean ± SD Range of years  Male/Female 

Control 25 40 ± 14 19–55  12/13  

Patients (HCV) 25 35 ± 15 20–65  16/9  

The findings of investigation indicated that Fe, Pb, Co, Cd, Mn and Cu concentration were 

significantly higher and their concentration in blood, nails and hair samples varied significantly  

(p < 0.05) in normal individuals and HCV patients. Ni was found in nearly normal concentration 

(1.34 ± 0.18) in blood samples but it varied significantly (p < 0.05) in nails and hairs samples  

(1.14 ± 0.39) in normal individuals and HCV patients. The serum level of Zn was low (42.9 ± 17.09), 

(129.8 ± 23.42) in blood and nails and hair samples of patients with chronic HCV infection. It 

significantly differs from that of control blood, nails and hair samples (81.8 ± 13) (Table 2). 

MiADMSA (orally) was used for the chelation of heavy metals Fe, Pb, Co, Cd, Mn and Cu. 

After the urine samples analysis, a significant amount of heavy metals were excreted in the urine 

against two different doses of MiADMSA. MiADMSA, which was given 500 mg in three 

separate doses, significantly lower the concentration of heavy metals as compared to given in 

two separate doses. 

Table 2. The concentration of heavy metals in Blood, Nails and Hair samples of Control 

and HCV patients. 

 Blood  Nails and Hairs  

 Normal Hepatitis c 

patients 

p-value Normal Hepatitis c 

patients 

p-value 

Iron (µg/dl) 120.2 ± 36.11 150.22 ± 19.73 0.000** 23.4 ± 5.18 25.55 ± 1.93 0.012** 

zinc (µg/dl) 81.8 ± 13.52 42.9 ± 17.09 0.000** 199 ± 19.11 129.8 ± 23.42 0.000** 

lead (µg/dl) 24.5 ± 7.33 46.5 ± 6.73 0.000** 3.04 ± 0.63 4.372 ± 0.93 0.002** 

nickel (ng/ml) 1.34 ± 0.18 1.34 ± 0.58 0.784** 0.96 ± 0.311 1.14 ± 0.39 0.013** 

Manganese (ng/ml) 0.59 ± 0.179 1.5 ± 0.50 0.000** 1.06 ± 0.673 4.4 ± 1.59 0.000** 

Copper (µg/L) 110 ± 24.55 176 ± 17.44 0.000** 70.68 ± 20.85 136.8 ± 22.72 0.000** 

Cobalt (ng/ml) 0.4 ± 0.243 3.496 ± 1.105 0.000** 0.092 ± 0.0571 0.20 ± 0.072 0.000** 

Cadmium (ng/ml) 1.256 ± 0.515 4.828 ± 0.9825 0.000** 0.23 ± 0.0426 0.403 ± 0.053 0.000** 
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Table 3. The concentration of heavy metals after chelation in Blood samples of HCV patients. 

Heavy Metals Before Chelation After Chelation 

(Twice a day) BD 

After Chelation 

(Thrice a day) TDS 

p-value 

Iron (µg/dl) 150.22 ± 19.73 133.6 ± 6.4 129.4 ± 9.1 0.000** 

lead (µg/dl) 46.5 ± 6.73 30.2 ± 9.02 26.1 ± 3.1 0.000** 

Manganese (ng/ml) 1.5 ± 0.50 0.9 ± 1.2 0.7 ± 5.8 0.002** 

Copper (µg/L) 176 ± 17.44 135 ± 12.3 127 ± 2.9 0.001** 

Cobalt (ng/ml) 3.496 ± 1.105 1.8 ± 1.4 1 ± 2.5 0.012** 

Cadmium (ng/ml) 4.828 ± 0.9825 2.9 ± 1.3 2.1 ± 4.3 0.023** 

 

Figure 2. The concentration of heavy metals after chelation in Blood samples of HCV patients. 

4. Discussion 

Chronic liver diseases are devastating health problems. Their prevalence depends upon many 

factors i.e., infectious, toxic and parasitic. Synergism of more than one factor may enhance the 

process of liver damage [21]. These damaged cells causes functional impairment of liver and alter 

the metabolism of trace elements [22]. In healthy persons and HCV patients zinc (Zn) concentration 

varied significantly with higher levels in healthy persons. This showed that Zn concentration was 

related with hepatitis, decreased with the progress of the disease and low liver function. Zinc is as an 

essential mineral and it occurs in almost every cell of the human body [23]. The deficiency of Zn 

occurs when its requirements increases or when it is poorly absorbed after its removal from the 

body [24]. Its shortage depresses immune function. Low Zn levels leads to reduction of 

inflammatory reaction in hepatitis patients [25]. In viral hepatitis metabolism of Fe is intermittent 
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which results in the buildup of iron (Fe) in liver. Deposition of Fe in hepatocytes depends on the 

degree of liver inflammation and infected liver tissues damage in HCV infection. Accumulation of 

Fe also increase viral activity due to rise in mutation rates and have specific roles in their 

pathogenesis and progress [26]. 

Chronic hepatitis c virus infection is associated with the increased level of hepatic iron 

deposition and advance hepatic fibrosis in the patients. The prediction of the hepatic iron deposition 

and its severity of fibrosis is by the serum ferritin value and the predictor of severity of hepatic 

fibrosis in the patients of HCV infection. Copper (Cu) and lead (Pb) accumulation in fibrotic liver 

caused by chronic HCV may contribute to hepatic injury because they are linked to immune 

dysfunction and inflammatory responses in many diseases [27]. Cu in high concentration can cause 

Anemia, liver and kidney damage, stomach and intestinal irritation. Increased cu levels result from 

inflammatory responses and oxidative stress [28]. Pb competes in the body with calcium (Ca) 

causing numerous malfunctions in Ca facilitated cellular metabolism and Ca uptake and usage, 

including inhibition of neurotransmitter. Pb and Cu can interfere with Zn homeostasis [29] thereby 

contributing further Zn deficiency. Cadmium (Cd) is very toxic and its long-term exposure leads to 

build up in the kidney [30], lung damage and fragile bones. 

Chelates complexes the metal and allow removal of excess or toxic metal from the system. It 

involves the use of chelates injected into the blood, muscles or taken orally to bind metals that are 

present in toxic concentration so they can be excreted from the body, most frequently in urine. Many 

studies suggested monoesters as one of potential and effective antidote [31]. Our results suggested 

that MiADMSA is highly effective in tumbling heavy metal load from hepatitis c virus patients. It 

contains sulfhydryl groups that bind or chelate heavy metals, and the resulting complex is excreted 

either renally or hepatically. In spite of reducing body stores of heavy metals in blood it also 

assemble skeletal stores of heavy metals [32]. The synthesis of MT in liver and kidneys was 

potentiate by the MIADMSA and in the liver and brain it reduce the oxidized glutathione (GSSG) 

level in tissues. MIADMSA is also has capacity to initiate the intracellular cadmium and it also 

perform a function to give antioxidant by releasing the cadmium where the deleterious oxidation 

reactions. In this compound the reduce sulfhydryl group may take part in the antioxidant reactions 

and the induced cadmium retard propagation [33]. Prolonged liver ailment is caused by chronic 

hepatitis c virus and in United States it’s a common sign for liver relocation [34]. Almost 168 million 

people are suffering in this disease worldwide, including approximately 3% of universal population. 

Choo was the first person who isolated the hepatitis c virus from the person’s serum with non-B, 

non-A in 1989 [10]. The virus of hepatitis c is ribonucleic acid virus that goes to Flaviviridae family. 

Hepatocytes cytoplasm is a place where the virus of hepatitis c is duplicates, however it does not 

show the effect of cytopathic. Tenacious infection acts to depend on fast production of virus and 

constant cell-to-cell spread, alongside by a deficiency of energetic T-cell immune reaction to 

hepatitis c virus antigens [35]. HCV ribonucleic acid genome transmutes often due to deficiency of 

inaccurate proofreading through the viral ribonucleic acid polymerase and fast viral duplication. It 

consists of 6 identified genotypes and additional 50 subtypes, for example 1a, 2a, 1b. Numerous 

hepatitis c virus transmutations and frequent subtypes obligate the examine for an HCV vaccine 

perplexing. The primary cause of HCV is revelation to septic blood. Following risk factor are 

responsible for the transmission of this virus, consist of sexual activity, usage of intravenous drug, 

compact organ relocation through diseased donor, hemodialysis, professional revelation, birth to an 

infected mother, domestic exposure and excessive use of intranasal cocaine. About 60% cause of this 
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virus is drug and 20% is caused by sexual activity. And remaining 10% is caused by other modes of 

conduction (hemodialysis, professional, perinatal and domestic exposure) [36]. Severe onset of HCV 

septicity has been preeminent predictable, in the transfusion situation and 65%–80% of statuses were 

asymptotic. Nearby 21%–30% of adult through severe hepatitis c virus taint may progress medical 

sign and symptoms. After exposure of infection the symptom appear after 3–12 weeks. Sign and 

symptoms consists of anorexia, weakness, jaundice and malaise. After exposure of infection in 4 

serum HCV ribonucleic acid can be identified [37]. The degree of development of liver fibrosis 

differs broadly in the background of stubborn hepatitis c viremia. For the categorization and 

performance of prolonged hepatitis c virus liver biopsy is used as gold standard. The physical liver 

injury, also recognized as fibrosis or phase, is mutable in prolonged HCV taint. Fibrosis suggests 

probable advancement to cirrhosis. Fibrosis is restricted to portal and periportal zones in minor 

situations. Further progressive variations are distinct by fibrosis that spreads from one gateway zone 

to another, correspondingly recognized as “bridging fibrosis”. Substantial risk elements for hepatic 

fibrosis in hepatitis c virus coinfection through HBV OR HIV. Hepatitis c virus and hepatitis 

immunodeficiency virus coinfection is principally related amongst injection drug users and 

hemophiliacs [38]. The evolution to cirrhosis is frequently clinically inaudible, and several patients 

are not identified to have hepatitis c until them existent through the impediments of end-stage liver 

ailment or HCC. 

Undiagnosed anti-HCV antibody progressive characters had disorders of trace metals, and 

disparity of antioxidant resistance, and augmented inflammatory retorts when related to controls. 

Present study indicate that HCV-RNA levels determination trials were not available; though, the 

occurrence of anti-HCV antibodies in plasma delivered an suggestion of acquaintance to HCV, 

which may characterize either an vigorous or a preceding HCV contamination. While severe 

infection with HCV is generally asymptomatic, nearby 80% of patients recurrently are at threat of 

rising cirrhosis, liver failure and hepatocellular carcinoma [39]. It was stated that conflicts in certain 

trace metals may subsidize to the extremely anti-HCV commonness [40]. Comparative to controls, 

these anti-HCV antibody-positive characters had meaningfully lower deliberations of plasma Zn, 

while Fe and plasma Cu meditations were higher. Here is no statistically momentous variance in Zn 

meditation amid prolonged hepatitis c patients and vigorous subjects, though the patients had higher 

Cu deliberations [41]. In chronic hepatitis c patients the concentration of Fe was increased and 

ominously decreased Zn concentration whereas the Cu concentrations lingered unaffected. In 

addition, the connotations of an upsurge in Cu with a decline in Zn with together raised alanine 

aminotransferase and -glutamyl transferase have been perceived in long-lasting hepatitis c  

patients [42]. Serum Zn deliberations were reduced in patients with hepatic fibrosis as linked with 

healthy controls [43]. Through this study we concluded that in liver cirrhosis and hepatic fibrosis 

concentration of zinc was decreased and Fe was increased. An accretion of Cu in fibrotic livers in 

enduring hepatitis c patients can subsidize to hepatic damage. This results indicate that instabilities in 

essential metals create eclectic array of liver harm. These vital metals play a vital role in natural 

processes. Zn persuades anti-inflammatory and antioxidant possessions that consequence in compact 

hepatocyte damage [44]. 

MiADMSA was perceived to be faintly more harmful in terms of copper impairment and some 

biochemical mutable in the hepatic matter in females as compared to male mice [45]. Through the 

study it was concluded that MiADMSA administration in female mice is perplexed through side 

effects and may oblige attention during its usage. No pragmatic contrary possessions points for 
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parental and developing MiADMSA toxicity remain 47.5 mg/kg and 94 mg/kg/day, correspondingly, 

representing that MiADMSA would not create progressive toxicity in rats in the deficiency of 

maternal toxicity [45,46]. Mehta et al. [46] have recommended that MiADMSA had no consequence 

on gestational length, lactation, litter size, sexual relationship and feasibility. Mehta et al.have 

recommended that MiADMSA had no consequence on the length of gestation, litter size, sex ratio, 

feasibility and lactation [46]. 

5. Conclusions 

Chelation therapy recombines metals and allows the removal of excess or toxic substances. In 

the world of increased metal exposure, chelation therapy is an important tool in fighting metal 

storage disorders, but still the lack of large-scale clinical trials still raises controversy regarding its 

clinical therapeutic benefit. The accessibility of new chelators’ offerings new opportunities to the 

clinician treating HCV patients with metals overload. The significant amount of heavy metals was 

excreted in the urine after a challenged dose of chelating agent, so it can thus be concluded from the 

present study that MiADMSA TDS is a better treatment option than BD for chelation of heavy 

metals in hepatitis c virus patients. The combination of therapy of different chelating agents carries 

both the beneficial effects on the liver and a more rapid removal of toxic metals from the liver. 

Future studies should support to determine the long-term success of chelating agents, the role of 

several agents in patients with less severe iron overload, and the effectiveness and safety of new 

combinations of these chelating agents. Further, newer therapeutic strategies should be explored that 

may have a better therapeutic effect. Combination therapies with multiple chelating agents and/or 

prescription antioxidants or nutraceuticals may be considered more critical as a key recommendation 

for chelation therapy. 
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