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Abstract 

Arsenic poisoning is a major environmental event affecting millions worldwide and its treatment with chelating agents has 
met with limited success. While arsenic toxicity affects multiple systems in the human body, its mode of action has not 
been fully elucidated. The present study therefore, investigated the possible protective effects of catechin against 
hepatorenal damage and dyslipidemia induced by arsenic exposure. Rats were exposed to arsenic (100 ppm) through their 
drinking water and were treated with catechin (40 mg/kg and 80 mg/kg, body weight) for 30 days. Arsenic exposure 
resulted in liver dysfunction obvious with increased activities of the hepatic enzymes alanine aminotransferase (ALT), 
alkaline phosphatase (ALP) and aspartate aminotransferase (AST). This was accompanied with significant elevation of 
kidney function markers urea and creatinine (p < 0.05). Furthermore, arsenic caused the distortion of lipid metabolism 
resulting in hypercholesterolemia, hypertriglyceridemia and increased plasma phospholipid in the animals. Co-treatment 
with catechin effectively protected against arsenic-mediated hepatotoxicity, prevented renal damage and restored lipid 
homeostasis in the rats. The present data indicate the ability of catechin to potentially prevent arsenic-induced nephro-
hepatotoxicity and dyslipidemia in rats. 
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1. Introduction 

Environmental pollution by heavy metals has 
become a major global concern, most especially in 
the developing countries. Arsenic (As) because of 
its highly toxic nature is one of the most important 
of these metals (ATSDR, 2007). It is a carcinogen 
and is considered to be one of the most hazardous 
chemicals. It is widely distributed in nature and is 
anthropogenically released into the environment 
through industrial processes and agricultural usage 
(Flora et al., 1995; ATSDR, 2007). Studies have 
shown that arsenic exposure could lead to a variety 
of biochemical and physiological dysfunctions in 
humans and experimental animals (Lena et al., 
2014). Toxicities induced by arsenic have been 
associated with different forms of cancer, apoptosis, 
genetic damage, hematological disorders, and 
cardiovascular diseases, among many others 
(Prakash et al., 2014). Environmental exposures to 
arsenic majorly occur through the consumption of 
drinking water from contaminated groundwater 
sources (Murcut, 2012). In some of these 
groundwater, arsenic concentrations range far above 

the current maximum permissible limit of 10 µg/l 
recommended by World Health Organization 
(WHO, 2011).  

Traditionally, the treatment of arsenic poisoning 
is carried out by administering a chelating agent 
such as 2, 3-dimercapto-1-propanol (BAL). More 
orally effective and less toxic dithiol chelating 
agents, sodium 2,3-dimercaptosuccinic acid 
(DMSA) and sodium 2,3-dimercaptopropane 1-
sulphonate (DMPS), are also in use (Flora et al., 
1995; Aposhian and Aposhian., 1989). However, 
chelation therapy as a form of arsenic poisoning 
treatment is rife with side effects and is ineffective 
against some forms of arsenic toxicity (Gupta and 
Flora, 2005). Oxidative stress has been suggested to 
be one of the mechanisms by which arsenic effects 
its toxicity (Kumar et al., 2014).  Generally, 
inorganic arsenic increases reactive oxygen species 
(ROS) by binding vicinal thiols or sulfur-containing 
groups (Majhi et al., 2011; Patra et al., 2012). It is, 
therefore, reasonable to hypothesize that an 
antioxidant agent could protect against some of the 
effects induced by arsenic exposure.  

In the present study, we test the hypothesis that 
catechin, a widely distributed flavonoid present in 
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plant foods and drinks, possessing strong 
antioxidant activity can protect against arsenic-
induced hepatotoxicity, nephrotoxicity and 
dyslipidemia in rats. The demonstration of this may 
be an important finding for developing new 
treatment for arsenic poisoning. 

2.  Materials and Method 

2.1. Chemicals 

Sodium arsenite and catechin were obtained 
from Sigma-Aldrich, Germany. All other chemicals 
used were of analytical grade. 
2.2. Animals and Treatment 

Thirty five male Wistar rats (bred in the Animal 
House, Faculty of Basic Medical Sciences, 
LAUTECH) weighing an average of 120g were 
used for the present study. The animals were housed 
in an animal room with controlled temperature 
(22±2˚C) and a regular 12h light-dark cycle (06:00-
18:00h). They were allowed to acclimatize for 14 
days before used for the experiment.  They were 
allowed free access to rat chow and drinking water. 
The experimental protocol was approved by the 
Biochemistry Department Ethic Committee on 
Research of LAUTECH. 

Animals were randomly divided into 5 groups of 
7 rats each and were treated as below for a period of 
30 days: Group I, normal animals; Group II, arsenic 
(in the form of sodium arsenite), 100 ppm in 
drinking water; Group III, Catechin at 40 mg/kg  
body weight/day, orally;  Group IV, arsenic (as in 
Group II) plus Catechin at 40 mg/kg  body 
weight/day, orally; Group V, arsenic (as in Group 
II) plus Catechin at 80 mg/kg  body weight/day, 
orally.  

The doses for arsenic and catechin were selected 
based on previously published studies (Afolabi et 
al., 2015; Chopra et al., 2004). At the end of the 
treatment period, blood was collected from the 
animals into heparinized tubes by cardiac puncture 
under light ether anesthesia after an overnight fast. 
The blood was centrifuged at 3000g for 10 min to 
separate the plasma. Samples were stored at -20oC 
for subsequent biochemical analyses.  
2.3. Biochemical Analyses 

Plasma concentrations of total cholesterol, 
triglyceride and phospholipids were determined 
with standard diagnostic kits (Chemelex®, 
Barcelona, Spain). HDL cholesterol was analyzed 
with the same diagnostic kit for total cholesterol 
after very low density lipoproteins (VLDL) and low 
density lipoproteins (LDL) were precipitated with 
heparin-MnCl2 solution as described by Gidez et al. 
(1982). LDL cholesterol was estimated using 
Friedewald formula (1972). Plasma urea and 
creatinine were determined spectrophotometrically 
by the method of Patton and Crouch (1977) and 
Henry et al.'s method (1974), respectively. The 
activities of plasma hepatic marker enzymes, 
alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) were determined by the 
method of Reitman and Frankel (1957), while 
alkaline phosphatase (ALP) was assayed using the 
method of Bessey et al. (1946). 

3. Results 

Figure 1 shows the levels of AST, ALT and ALP 
in the plasma of rats. In the group exposed to 
arsenic only, ALT level was significantly increased 
when compared with the control group (38.16 ± 
3.63 and 26.14 ± 2.59 U/L, respectively, p < 0.05). 
Treatment of arsenic exposure with either high or 
low dose catechin lowered ALT level significantly 
when compared with arsenic exposure only (19.18 ± 
2.13 and 26.64 ± 2.03 UL, respectively, p < 0.05). 
There was no significance difference between 
control and catechin only groups (p > 0.05). 
Similarly, arsenic caused drastic elevation of both 
ALP and AST in the rats, compared to the control. 
Arsenic increased both activities from 26.66 ± 3.79 
and 77.20 ± 4.05 to 48.66 ± 3.07 and 93.60 ± 4.84 
U/L, respectively. High and low dose catechin 
however, reversed this trend and significantly 
lowered ALP to 26.26 ± 1.83 and 33.51 ± 2.83 U/L, 
and AST to 87.70 ± 2.65 and 70.60 ± 3.69 U/L 
respectively. 

Figure 1. Effects of catechin on the levels of ALT, ALP 
and AST in the plasma of rats exposed to arsenic. Values 
are mean ± SD. Bars bearing different alphabets are 
significantly different from each other at p < 0.05. 

Arsenic exposure resulted in a marked 
impairment of kidney function as demonstrated by 
the high levels of urea and creatinine shown in 
Figure 2. In arsenic only group, urea level was 
significantly increased when compared to the 
control and catechin only groups (45.81 ± 1.24, 
18.23 ± 2.04 and 24.67 ± 1.32 mg/dl, respectively, p 
< 0.05). Treatment with either low or high dose 
catechin reduced high urea level induced by arsenic 
exposure (32.74 ± 1.58, and 35.41 ± 2.74 mg/dl, 
respectively, p < 0.05). Creatinine was also 
significantly elevated in arsenic only group 
compared with control, and catechin only groups 
(1.82 ± 0.10, 0.94 ± 0.03 and 0.89 ± 0.04 mg/dl, 
respectively, p < 0.05). Creatinine was lowered by 
treatment with both low and high doses of catechin 
(1.15 ±0.06 and 1.05 ± 0.05 mg/dl, respectively, p < 
0.05). 
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Figure 2. Effects of catechin on plasma urea and 
creatinine levels in rats exposed to arsenic. Values are 
mean ± SD. Bars bearing different alphabets are 
significantly different from each other at p < 0.05. 

The present study demonstrates that the arsenic 
exposure induced dyslipidemia in rats. Estimated 
values of plasma cholesterol, triglyceride and 
phospholipid levels are depicted in Figure 3. There 
were no statistically significant changes in plasma 
cholesterol, triglyceride and phospholipid between 
control and catechin only groups (p > 0.05). 
However, arsenic exposure caused significant 
elevation of these lipids compared with the control 
(90.11 ± 4.59, 48.91 ± 3.81 and 127.36 ± 7.25 mg/dl 
vs. 50.71 ± 6.01, 40.83 ± 3.75 and 96.69 ± 6.50 
mg/dl, respectively, p < 0.05). Both high and low 
dose catechin treatments restored plasma 
triglyceride and phospholipid concentrations back to 
control levels (p > 0.05). In addition, low and high 
catechin treatments significantly lowered 
cholesterol level when compared with arsenic only 
group (68.09 ± 5.09 and 58.47 ± 3.43 mg/dl, 
respectively, p < 0.05), but the concentrations were 
not comparable to the basal level.  

Figure 3. Effects of catechin on the plasma cholesterol, 
triglyceride and phospholipid concentrations in rats 
exposed to arsenic. Values are mean ± SD. Bars bearing 
different alphabets are significantly different from each 
other at p < 0.05. 

Arsenic caused the lowering of the HDL 
concentration while increasing the LDL levels in the 
rats (Fig. 4). The metal induced a significant 63% 
reduction in HDL level in rat which was 
subsequently reversed, to different degrees by 
catechin treatments. Low dose catechin raised the 
HDL concentration from 7.89 ± 0.57 mg/dl in 
arsenic alone group to 25.67 ± 1.96 mg/dl. The high 

dose treatment also increased the lipoprotein level 
(14.43 ± 1.07 mg/dl), albeit the increment was not 
comparable to that induced by the low dose catechin 
treatment. LDL concentration was significantly 
elevated by arsenic from 8.67 ± 0.79 in control to 
9.78 ± 0.76 mg/dl (p < 0.05). Catechin only group 
had their LDL concentration lowered significantly 
(p < 0.05), compared with the control group (7.67 ± 
0.99 mg/dl). The treatment of arsenic group with 
low and high doses of catechin also brought about 
significant reduction of LDL levels (7.63 ± 0.86 and 
8.12 ± 0.69 mg/dl, respectively, p < 0.05).  

Figure 4. Effects of catechin on HDL and LDL 
concentrations in rats exposed to arsenic. Values are mean 
± SD. Bars bearing different alphabets are significantly 
different from each other at p < 0.05. 

4. Discussion 

In the present study, it was demonstrated that 
arsenic exposure could cause dyslipidemia by 
disrupting lipid homeostasis. Additionally, the 
findings indicated that arsenic induces liver and 
kidney injury in rats.   However, catechin was able 
to prevent these toxicities caused by arsenic. 

Plasma aminotransferase activities are sensitive 
indicators of liver damage. This damage may alter 
transport function and membrane permeability of 
hepatocytes, resulting in enzymes leakage from the 
cell. The efflux of these enzymes from the 
hepatocytes causes a depletion in AST, ALP and 
ALT levels with concomitant elevation of their 
activities in the plasma. In the present study, the 
plasma activities of these enzymes were 
significantly elevated by arsenic exposure, 
suggestive of hepatic damage induced by the 
metalloid. Similar report of liver damage induced by 
arsenic exposure was given by Miltonprabu and 
Sumedha (2014). The liver is the major organ 
involved in xenobiotic metabolism and is thus, 
susceptible to oxidative damage caused by increased 
Reactive Oxygen Species (ROS). Arsenic has been 
demonstrated to generate oxidative stress (Nandi et 
al., 2006), and the involvement of ROS has been 
linked with arsenic pathogenicity. Experimental 
studies suggest that lipid peroxidation, one of the 
determinants of oxidative stress induced by ROS, 
contributes to arsenic-induced oxidative damage of 
membrane (Flora et al., 2008). Arsenic affinity for –
SH group of proteins enables it to conjugate and 
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form covalent attachment with intracellular GSH 
and inhibit glutathione reductase activity, in 
addition to glutathione synthesis (Quig, 1988). This 
leads to depletion of intracellular thiols, escalating 
oxidative damage to several biological 
macromolecules (Hansen et al., 2006). The elevated 
level of the liver enzymes in the plasma may thus be 
attributed to this process. Catechin treatment on the 
other hand, was able to reverse the damage induced 
by arsenic. It was able to restore the enzymes’ 
activities to the basal levels, especially the high 
dose treatment. In the case of AST, however, 
treatment with catechin at high dose even though 
lowered the enzyme level below arsenic-induced 
activity, was unable to restore it to normal as did the 
low dose treatment. The ability of catechin to 
protect against liver injury may be predicated upon 
its antioxidant activity, which could have prevented 
the escalation of lipid peroxidation induced by 
arsenic (Mishra and Flora, 2008; Nandi et al., 
2006), leading to membrane damage in the organ. 
Studies have already demonstrated catechin’s 
protective effect against ROS generation, as well as, 
the ability of polyphenols to induce antioxidant 
enzymes (Zhang et al., 2014; Du et al., 2007). 
Catechin also possesses chelating property and 
might have chelated with arsenic, removing the 
metal from circulation thereby, preventing its 
damaging effects (Sugihara et al., 2001). 

The protective property of catechin, through its 
antioxidant ability, against the subsequent 
membrane damage induced by ROS generation 
seemed to be at play in its protection of the kidney 
against arsenic toxicity. Renal dysfunction was 
demonstrated by arsenic exposure in the present 
study as exhibited by the increase in plasma urea 
and creatinine levels.  Several studies have 
demonstrated arsenic toxicity of in the kidney (Eom 
et al., 2011; Chen et al., 2011) and the major 
mechanism of kidney damage by this metalloid has 
been suggested to be oxidative stress (Jomova et al., 
2011). The increased generation of ROS by arsenic 
has been implicated in the stimulation of 
proinflammatory and profibrogenic cytokines 
(Brunati et al., 2010), which are significant causal 
factors in nephrotoxicity. Oxidative stress may have 
stimulated lipid peroxidation, damaging cell 
membranes and organelles, releasing reactive 
aldehydes with potent proinflammatory properties 
(Zhang et al., 2014).  Catechin as was observed in 
the liver, markedly reversed the damage induced by 
arsenic in the kidney. Although a total restoration of 
renal function was not obtained, plasma urea and 
creatinine levels in the treatment groups were 
significantly lowered by catechin, compared with 
the arsenic intoxicated group.  

Although there are differences in the status of 
individual lipids reported, studies have implied that 
arsenic exposure can alter lipid metabolism, 
resulting in cardiovascular disorder (Afolabi et al., 
2015; Muthumani and Prabu, 2014). In the present 
study, exposure to this toxicant induced 
hypercholesterolemia and hypertriglyceridemia in 

addition to causing an elevation in phospholipid and 
LDL levels in rats. On the other hand, HDL was 
drastically reduced in the animals by the metal. Co-
treatment of arsenic with catechin however, 
significantly reduced levels of cholesterol, 
triglyceride, phospholipids and LDL compared with 
the group treated with arsenic alone. Arsenic has 
already been demonstrated to stimulate HMG CoA 
reductase, the rate limiting enzyme in cholesterol 
biosynthesis (Afolabi et al., 2015), resulting in the 
elevation of the lipid in the plasma. The reduction in 
plasma cholesterol concentration could result from 
the inhibition of intestinal absorption of the lipid as 
suggested by Ikeda (2005). Alternatively, catechin 
might have prevented the accumulation of the lipid 
by stimulating the activity of LCAT and other 
enzymes involved in cholesterol catabolism.  

The hydrolysis of triglycerides leads to an efflux 
of Free Fatty Acid (FFA) from the adipose tissue 
into the circulation. Physiological stress, such as 
induced by arsenic exposure, can increase the 
mobilization of this lipid from the adipose tissue 
(Newsholme and Start, 1981) and arsenic exposure 
has been linked with elevated plasma free fatty acid 
(FFA) concentration (Afolabi et al., 2015). High 
circulating FFA inhibits the activity of lipoprotein 
lipase (Saxena et al., 1989) which can disturb lipid 
homeostasis with the resultant hypertriglyceridemia, 
and decreased HDL cholesterol level as observed in 
this study (Afolabi et al., 2015). Catechin’s ability 
to restore the distorted lipid homeostasis could be 
explained by it having a stabilizing effect on 
lipoprotein lipase, probably through its free radical 
scavenging properties, thereby preventing the 
enzyme’s inhibition by the arsenic. Similar action of 
catechin against diabetes-induced 
hypertriglyceridemia in rats was reported by 
Mostafa (2013). Catechin may also possess the 
ability to inhibit pancreatic lipase, causing a delay 
in fat absorption that may be responsible for the 
lowering of the plasma triglyceride concentration 
observed.    

5. Conclusion 

On the basis of the results obtained from the 
present study, it is further demonstrated that arsenic 
exposure can result in dyslipidemia, nephrotoxicity 
and hepatotoxicity. But more significantly, the data 
suggest that the flavonoid, catechin possesses the 
potential to ameliorate hepatic and renal injury, as 
well as, modify the disruption to lipid metabolism 
induced by arsenic exposure through drinking 
water.  
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