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ABSTRACT

Objective: The current experimental study is designed to scrutinize the possible defensive effect of caffeic acid (CA) against mercury-induced 
hepatotoxicity in male rats.

Methods: During the treatment periods, a sub-lethal dose of HgCl2  (1.29 mg/kg body weight) was given to rats for 15 days through oral administration 
and the CA was administrated for 15 days, on mercuric intoxicated rats were observed. After completing the programmed period of experimental 
work, the blood was drawn through a micro glass tube in the ocular region and separated the serum by centrifuge.

Results: The subsequent serum enzymes were analyzed as the alkaline phosphatase (ALP), alanine transferase (ALT), aspartate transaminase (AST), 
and lactate dehydrogenase (LDH). Further, the bilirubin, albumin, total cholesterol, urea, and creatinine levels were also noticed in the blood serum 
of both normal and treated rats. CA is one of the well-known phenolic compounds, and a strong antioxidant helps to prevent oxidative damage and 
reducing oxidative stress. The biological action of liver biomarker enzymes such as ALT, AST, ALP, and LDH was significantly enhanced and at the 
same time the drastic increased in the level of albumin was all together decreased. The level of bilirubin, total cholesterol, urea, and creatinine was 
significantly increased in HgCl2 intoxicated rats. When the treatment of CA on mercury intoxicated rats for 15 days (5 mg/kg body weight), in the 
serum enzymes (ALT, AST, ALP, and LDH) also declined to near normal level. The level of bilirubin, total cholesterol, urea, and creatinine activities was 
also significantly declined to near normal level when compared to mercury-treated group. The level of albumin was significantly enhanced. The CA 
alone treatment showed the enhanced antioxidant levels and not any alteration in the levels of biochemical parameters when compared to control.

Conclusion: These observations of the present experimental work demonstrated the detoxify effects and defensive effect of CA against HgCl2 toxicity 
in liver tissue.

Keywords: Alanine transferase, Aspartate transaminase, Alkaline phosphatase, Lactate dehydrogenase, Bilirubin, Albumin, Total cholesterol, Urea 
and creatinine, Mercuric chloride, Caffeic acid.

INTRODUCTION

Heavy metals are known to be toxic to all type of animals including 
human beings [1,2]. Even at low concentration, mercury and its 
compounds cause deleterious effects to the animals [3]. Mercury and its 
compounds have been recognized as one of widespread environmental 
and industrial pollution [4,5]. Exposure of this heavy metal is causing 
numerous types of adverse health effects in animals [6]. In most 
manufacturing industries such as thermometers, barometers, and 
instruments for measuring blood pressure are responsible for releasing 
these heavy metals in the abiotic system [7,8]. Liver is the central 
organ to carry out all type of metabolic activities and detoxification in 
the animal and also carried out a different type of functions which is 
associated with metabolic activities and detoxification process of toxic 
substances [9]. The measurement of mitochondrial enzymes in the 
liver is considered to be a very good tool to understand the occurrence 
of hepatic necrosis which is associated with liver diseases [10,11]. 
In serum, the assessment and determination of liver enzymes such 
as alanine transferase (ALT), aspartate transaminase (AST), alkaline 
phosphatase (ALP), lactate dehydrogenase (LDH) and serum lipid 
profile, cholesterol, triacylglycerides, and lipoproteins, are providing 
clear picture of the liver function in an animal. It also used to evaluate 
the exact functional status of the liver and to detect liver cellular injury 
occurred in animal. If any type of alteration occurred in the enzymatic 
activity (biomarkers) caused drastic physiological and biochemical 
changes occurred in animals, and it is also considered as a marker index 
of hepatotoxicity [12], and it can serve as an index of liver biosynthetic 
capacity [13-16]. India is well-known for a plethora of medicinal plants. 

The medicinal uses of many plants and its products have been reported 
in literature [17]. The present experimental work evaluated both the 
hepatoprotective and nephroprotective effect of Caffeic acid (CA) on 
mercuric chloride induced hepatotoxicity and nephrotoxicity in rats. 
In the present experimental study, hepatotoxicity and nephrotoxicity 
have been mediated by reactive oxygen species which is generated 
by administration of mercuric chloride in the rat. This type of toxicity 
could be managed completely by way of administration of remedial 
agents which is possess antioxidants [18], free radical scavengers [19], 
and anti-lipid peroxidation [20] activities. Administration of CA on 
mercury intoxicated rats was able to get complete recovery from 
mercuric chloride induced hepatocellular damage as evidenced in the 
present experimental work by prevention of any increase in serum 
biomarker enzymes and biochemical levels subsequent to toxin 
exposure and the known antioxidant, free radical scavenging, and anti-
lipid peroxidation properties of CA might be the contributing factor for 
these manifestations.

METHODS

Chemicals
In the present experimental work, Mercuric chloride (HgCl2), CA, and 
all other necessary reagents of analytical grade were used and it was 
purchased from HiMedia Laboratories Ltd, Mumbai, India.

Animals
Healthy male albino rats, Rattus norvegicus (180–200 g), were obtained 
from the Central Animal House, Department of Experimental Medicine, 
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Rajah Muthiah Medical College and Hospital Annamalai University and 
maintained in an air condition room (25±3°C) with a 12-h light/12-h 
dark cycle with the hygienic condition. Feed, water, and ad libitum were 
provided to all the animals. The study protocols were approved by the 
Institutional Animal Ethics Committee of Rajah Muthiah Medical College 
and Hospital (Reg No: 160/1999/CPCSEA, proposal Number: 1156), 
Annamalai University, Annamalainagar.

Experimental design
A total of 24 animals were acclimatized in the animal cages for 
15 days. The animals were randomized and divided into four 
groups, each group containing six rats. The toxic dosage of 
mercuric chloride has been obtained from our previous study as 
sufficient to elicit mild or moderate oxidative stress for mercuric 
chloride.
•	 Group	I:	Untreated	control	–	the	animals	were	received	standard	diet	

and clean water ad libitum and observed for 15 days.
•	 Group	II:	Mercury	treatment	–	the	animals	were	received	1.29	mg	of	

mercuric chloride/kg body weight orally every day up to 15 days.
•	 Group	 III:	 Mercuric	 chloride	 followed	 CA	 treatment	 –	 the	

animals were received mercuric chloride followed by caffeic acid 
(1.29 mg HgCl2/kg body weight of animal for 15 days followed by 
caffeic	acid	−5	mg/kg	body	wt.	of	animal	15	days	administrated)	
treatment group.

•	 Group	 IV: CA alone treatment – the animals were received 
CA (5 mg/kg body weight of animal for 15 days administrated) alone 
treated.

Sample preparation
At the end of the experimental schedule, blood was collected through 
the sinoauricular punch of the animal in a dry clean test tube. And 
then serum was separated by centrifugation at 2000 rpm for 10 min. 
The serum samples were used for hepatic marker assay ALT AST, 
ALP, LDH, bilirubin, albumin and cholesterol, urea, and creatinine 
analysis.

Biochemical marker enzymes analysis
The ALP was estimated by King and Armstrong method [21]. The activity 
of AST and ALT was determined by adopting the method of King [22]. 
The activity of LDH was assayed by the method of King [22]. Albumins 
in the serum were estimated by Biuret method (Reinhold) [23]. The 
level of serum Bilirubin was estimated by the method of Malloy and 
Evelyn [24]. Total cholesterol in the plasma and tissues was estimated 
by the enzymatic method described by Allain [25]. Serum urea was 
estimated using the diagnostic kit based on the method of Fawcett and 
Scott [26]. Serum creatinine was estimated by the method of Bonsnes 
and Taussly [27].

Estimation of serum aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) activity
The activity of AST and ALT was determined by adopting the method 
of King [22]. 0.1 ml of serum was taken in a dry clean test tube and 
0.5 ml of buffered substrate was added and placed in an incubator at 
37°C for 10 min. Exactly an hour later, two drops of aniline-citrate 
reagent and 0.5 ml of DNPH reagent were added and kept at room 
temperature for 60 min. Finally, 5.0 ml 0.4 N sodium hydroxide was 
added. A set of standards also treated in the same manner and read 
at 520 nm after 10 min. To the blank tubes, 0.1 ml distilled water was 
added instead of the sample. The results were expressed as IU/L for 
serum.

Estimation of serum ALP activity
The ALP was estimated by the method of King and Armstrong [21]. 
2.0 ml of mixed buffered substrate was taken into clean test tubes and 
it was incubated for 5 min at 37°C, then 0.1 ml of serum was added 
in the tubes and incubated for another 15 min. After completing the 
incubation period, the kinetic reaction was arrested by the addition of 
0.8 ml of 0.5N NaOH and then 1.2 ml of 0.5M sodium carbonate was 
added and then thoroughly mixed. Again 1 ml of amino antipyrine 

was added in the above-mixed contents and then 1.0 ml of potassium 
ferricyanide was added, the color developed was read at 520 nm against 
the	reagent	blank	in	an	UV-spectrophotometer.	The	activities	of	serum	
ALP were expressed as IU/L of serum.

Estimation of LDH activity in serum
The activity of LDH was assayed by the method of King [22]. 0.5 ml 
of serum was taken in a clean, dry test tube, and 1.0 ml of buffered 
substrate was added, and then the mixed content was incubated at 
37°C for 15 min in an incubator. After 15 min, 0.2 ml of coenzyme 
solution (NAD) was then added to the above contents and then 
again incubated for 15 min. After completing the incubation 
period, the reaction was stopped by the addition of 1.0 ml of 2, 
4-dinitrophenylhydrazine. The contents were incubated at 37°C for 
another 15 min and 5 ml of 0.4 N NaOH was added to the contents 
and mixed well. The color was developed. The intensity of the color 
was	measured	at	520	nm	in	an	UV-spectrophotometer.	A	control	was	
performed simultaneously as like a test, but serum was added after 
the addition of DNPH. The enzyme activity was expressed as IU/L 
for serum.

Estimation of serum total bilirubin
The level of serum bilirubin was estimated by the method of Malloy and 
Evelyn [24]. 0.5 ml at serum was taken in a clean test tube and added 
2 ml of the Protein free filtrate and 0.8 ml of distilled water and the 
solution was well mixed with constant rotation, and then 0.8 ml of 
diacetyl monoxime solution was added. The contents were thoroughly 
mixed, and 0.8 ml of arsenic sulfuric acid solution was added and mixed 
thoroughly and then kept in an incubator at 100°C for exactly 20 min. 
The test tubes were allowed against a reagent gradually cool in ambient 
air for at least 15 min and then cooled in a 25°C water bath for at least 
another 15 min. The test tubes were kept away from direct light during 
the heating and the cooling periods. The yellow color developed was 
read	at	475	nm	in	an	UV	spectrophotometer	against	a	reagent	blank,	
urea nitrogen was used to construct the standard graph. The level of 
serum bilirubin was exposed as IU/L.

Estimation of serum albumin
Albumin in the serum was estimated by Reinhold method [23]. 0.5 ml 
of sample was taken in a clean, dry test tube, and 9.5 ml of sodium 
sulfite solution was added and thoroughly mixed. After mixing, 3.0 ml 
of the mixture was transferred into a tube for total protein estimation 
to which 5.0 ml of biuret reagent was added. To the rest of the mixture, 
3.0 ml of ether was added, stoppered, shaken well for 20 sec and then 
centrifuged for 5 min. 3.0 ml of the clear supernatant was taken for 
the estimation of albumin and treated with 5 ml of biuret reagent. 
Simultaneously, 2.0 ml of standard egg albumin was mixed with 1.0 ml 
of water and treated with 5.0 ml of biuret reagent. The purple color 
developed	was	read	at	540	nm	after	15	min	using	reagent	blank.	Values	
were expressed as g/dL.

Estimation of total cholesterol
The total cholesterol in the plasma and tissues was estimated by the 
method described by Allain et al. [25]. 0.1 ml of serum was taken in 
a clean dry test tube and to this 4.9 ml of ferric chloride-acetic acid 
reagent added then centrifuged at 3000 rpm for 5 min. After complete 
the centrifugation, 2.5 ml taken in a clean test tube and to this 1.5 ml 
of concentrated H2SO4 was added and the absorbance was read after 
30	min	at	560	nm	in	an	UV	spectrophotometer	against	a	reagent	blank	
(2.5 ml of ferric chloride-acetic acid reagent and 1.5 ml of con. H2SO4). 
The cholesterol concentration was expressed as mg/dl of plasma or 
mg/g of tissue.

Estimation of serum urea
Serum urea was estimated using the diagnostic kit based on the method 
of Fawcett and Scott [26]. 10 µL of serum was taken in a clean dry test 
tube and 1.0 ml of buffered enzyme was added and then thoroughly 
mixed well and kept at 37°C for 5 min. 10 µL of standard and 10 µL 
distilled water (blank) were also processed simultaneously. To all the 
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tubes, 1.0 ml of color developing reagent was added and mixed well and 
incubates the contents for 5 min at 37°C in an incubator. After completing 
the incubation period, 1.0 ml of distilled water was added and the color 
developed	was	read	at	600	nm	in	an	UV-spectrophotometer	against	a	
reagent blank. The results are expressed as mg/dl of serum.

Estimation of serum creatinine
Serum creatinine was estimated by the method of Bonsnes and 
Taussly [27]. Diluted 1.0 ml of 10% of serum was taken in a clean, 
dry test tube, and 1.0 ml of 2N sulfuric acid was added. The contents 
were mixed well and filtered the contents with the help of Whatman 
No. 1 filter paper. From this filtrate, 3.0 ml of content was taken in 
a test tube and 2.0 ml of picric acid solution and 2.0 ml of 0.75 n 
sodium hydroxide were added. The yellow color developed was read 
at	 540	 nm	 in	 the	 UV-spectrophotometer	 against	 a	 reagent	 blank.	
Creatinine was used to construct the standard graph. The values are 
expressed as mg/dl.

Statistical analysis
Values	 are	 given	 as	 mean±SD.	 for	 six	 rats	 in	 each	 group.	 The	 data	
for various biochemical parameters were analyzed using analysis 
of t-test, and the group means was compared by Duncan’s multiple 
range	test	[28].	Values	were	considered	statistically	significant	when	
p<0.05 and the values sharing a common superscript did not differ 
significantly.

RESULTS

Table 1 shows that the level of ALT AST, ALP, LDH, and bilirubin 
was significantly increased in mercury intoxicated rat blood serum 
compared to control. On administration of CA to animals, the level of 
ALT AST, ALP, LDH, and bilirubin was significantly decreased near to 
normal level compared to mercuric chloride induced rat.

Table 2 shows that the level of cholesterol, urea, and creatinine was 
significantly increased in mercuric chloride induced rat blood serum 
compared to the control group. The CA-treated rats were cholesterol, 
urea, and creatinine significantly restored near normal level compared 
to mercuric chloride intoxicated rats. Albumin activity is a significant 
decreased in mercuric chloride intoxication rats. Treatment of CA orally 
administrated the rats; the albumin activity was significantly increased near 
to normal level compared to mercuric chloride intoxicated rat blood serum.

DISCUSSION

In normal condition, based on the concentration gradients between an 
organ and the blood compartments the enzymes were 

released [10,29,30]. The controlling mechanism of cellular enzyme 
release is fairly understood. In liver organ the continuous release of 
mitochondrial enzymes suggesting that the formation and promotion of 
the hepatic necrosis occurred. Abnormal secretion or release of liver 
marker enzymes level may provide a very good signal for liver damage 
or alteration in bile flow in liver organ [31]. Most of the experimental 
work proved that the measurement of liver enzymes activities was used 
as important biomarkers for the detection of hepatotoxicity nature of 
oxidative stress caused by toxins. Serum hepatic marker enzymes (ALT, 
AST, and ALP) were used to evaluate the degree of hepatotoxicity caused 
by toxicants. The liver is the most sensitive organ to pre-oxidative 
damage because it is rich in oxidizable substances. The more severe the 
liver damages, the higher the release of the liver enzymes [32]. The 
following enzymes are playing a vital role in the liver function of 
animals when it considered as catabolic enzymes such as alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), and 
ALP [33,34]. ALT has played a key role to maintain the gluconeogenesis 
process and amino acid metabolism, particularly during stressful 
period [35]. In the present experimental work, the decreased level of 
protein content and total free amino acids is also noticed in the liver 
tissues of rat when treated with mercuric chloride. This result suggested 
that during the administration of mercury toxin exerts its toxicity effect 
to cause the protein degradation and utilization of amino acids to get 
extra energy for overcome their toxicity effect. During the process of 
protein catabolism occurred in the mercury intoxicated animal, ALT is 
play a key role to complete the kinetic reactions to get extra energy 
through the generating process of pyruvate and glutamate products. 
ALT is catalysis alanine and alpha-ketoglutarate and transfers them into 
respective products. Moreover, it also plays a key role in the process of 
glucose and amino acid of intermediate metabolism [36]. In normal 
condition, only a little amount of ALT release into the bloodstream, if 
the level of ALT activity increased in the blood suggested that the liver 
gets injured due to the stress or intoxication [37-39]. Therefore, ALT is 
considered as one of the important indexes of diagnosis of liver function 
in animals as well as in human beings [40]. In the present experimental 
study, an increased level of ALT activity was noticed in the blood 
circulatory system of rat when treated with mercuric chloride. The 
present result suggested that the increased level of ALT activity in the 
blood is mainly due to the cellular damages occurred in the mercury 
intoxicated liver. During the mercury treatment, most of the hepatocytes 
are damaged, and some of the liver cells are lasted its conformational 
structure and also getting in necrotic condition. The leakages of ALT 
from the cytosol of the mitochondrial compartments of the liver cells to 
the bloodstream are mainly due to the necrotic condition of liver cells 
and it also indicates that the liver cells are damaged. Most of the 

Table 1: The effect of hepatic metabolic enzymes of ALT, AST, ALP, LDH, and bilirubin activity on Caffeic acid with mercuric chloride 
induced rat blood serum

Groups ALT AST ALP LDH Bilirubin
Control 21.62±1.65 40.29±3.07 85.28±2.84 65.24±2.68 0.98±0.07
Hgcl2 42.18±3.23 62.51±4.78 145.25±1.68 102.54±2.35 1.53±0.12
Hgcl2+Caffeic acid 34.83±2.65 53.03±4.04 108.21±2.42 93.61±5.13 1.02±0.08
Caffeic acid 19.03±1.46 39.14±3.12 83.57±2.84 68.41±2.18 0.93±0.07
Each value is mean±SD for six rats in each group. The data for various biochemical parameters were analyzed using analysis of t-test and the group means were 
compared	by	Duncan’s	multiple	range	test.	Values	were	considered	statistically	significant	at P<0.05. ALT: Alanine transferase, AST: Aspartate transaminase, 
ALP: Alkaline phosphatase, LDH: Lactate dehydrogenase

Table 2: The changes of urea, creatinine, cholesterol, and albumin activity of Caffeic acid against mercuric chloride induced rats

Groups Urea Creatinine Cholesterol Albumin
Control 32.17±0.32 2.52±0.19 142.60±2.63 6.57±0.52
Hgcl2 52.36±0.85 4.63±0.35 282.63±3.86 3.35±0.26
Hgcl2+Caffeic acid 45.32±0.62 3.68±0.28 185.24±3.62 5.16±0.39
Caffeic acid 31.84±0.82 2.25±0.17 138.24±4.82 6.35±0.48
Each value is mean±SD for six rats in each group. The data for various biochemical parameters were analyzed using analysis of t-test and the group means were 
compared	by	Duncan’s	multiple	range	test.	Values	were	considered	statistically	significant	at P<0.05
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experimental works proved that the occurrences of different type of 
liver damages are mainly depending on the combination of AST with 
other enzymes such as ALT in the ratio of 2:1 and it also useful to 
monitor the exact cause of liver disorders. In the present experimental 
work, the exact ratio of these enzymes was maintained in the blood of 
the normal untreated control rat. During the mercury treatment, both 
the levels of the AST and ALT enzyme activities are drastically increased 
in the blood stream suggested that the liver organ was damaged due to 
the enhancement of lipid peroxidation and also altered it ratio. An 
enhancement in the levels of ALT and AST activities in the blood is 
mainly due to necrosis in hepatic cells. Due to the necrotic condition in 
the liver cells, the permeability condition is also enhanced in the cell 
membrane resulting in the release of transaminases in the blood 
stream [41]. Both ALT and AST are considered as very good sensitive 
indicators of liver cell damages and also reflect the state of liver 
function [42]. Madkour et al. also observed the similar type of results in 
CCL4 treated rats; they suggested that the hepatocellular damage 
caused by drug toxicity of xenobiotics which results in the loss of 
functional integrity of cell membrane was due to increased levels of 
serum enzymes AST and ALT [43]. The elevated levels of ALT and AST 
indicate possible hepatotoxicity that would have resulted in the leakage 
of these enzymes into the bloodstream. ALP is a membrane-bound 
enzyme present in all internal organs such as liver and kidney. The main 
function of ALP enzyme is catalyzes specific chemical reactions through 
the hydrolysis process of a phosphate group in an organic molecule at 
an alkaline pH [44]. It also used as diagnostic tool to find out the degree 
of liver damages occurred in an animal when exposed to stressful 
condition [45]. In the normal condition of the animal, liver plays a key 
role to drain the fluid through the bile duct which is containing ALP and 
other substances. If the bile duct is damaged or blocked accumulating 
ALP and other substances were escaped or leakaged into the 
bloodstream. Naturally, the cell lining of the bile ducts in the liver is 
responsible for producing the ALP enzyme (Cholestatic) [46]. However, 
during hepatic cell damages, the accumulated ALP enzymes are released 
into the bloodstream (hepatocytes) along with aminotransferases rises 
prominently. Therefore, these biomarker enzymes are very useful to 
detect the liver damages or liver disease in animals by way of 
distinguishing the type of liver disease, either cholestatic or 
hepatocellular [47,48] Ramadan et al. also observed similar type of 
results	in	D-GalN/LPS	treated	rats,	they	suggested	due	to	injury	in	liver	
cells the enzymes serum transaminases, ALP, LDH leak into the 
bloodstream, and results in the rise of serum level. The extent of the 
increase in serum levels is proportional to the extent of liver damage. It 
was found that there was a significant increase in the serum marker 
enzymes (AST, ALT, ALP, and LDH) and the total bilirubin level when 
compared to normal control groups. In the present study, it was also 
found that decrease in the level of enzymes transaminases, ALT and 
LDH due to pre- or post-treatment of rats with propolis extract indicated 
repair	of	hepatic	tissue	caused	by	D-GalN/LPS	[49].	For	hepatic	function	
serum bilirubin is considered as the index and LDH is an intracellular 
enzyme. Normally, LDH is widely distributed throughout the body. In 
tissues, the availability of LDH is found to be at a high level. The main 
role LDH is to utilize the glucose molecule for energy production. As a 
result, enhancement of LDH in the bloodstream could indicate the 
cellular damage occurs in a number of different tissues (skeletal or 
cardiac muscle, kidney, and liver). LDH isoenzyme plays a key role to 
involved in energy metabolism in muscle tissues, facilitating the 
production of ATP through glycolysis process during the oxygen 
demand or energy demand. During the hypoxic conditions or stressful 
situation or energy demand leads to stimulated the secretion of LDH as 
an alternate anaerobic pathway to increase ATP production hence high 
levels of LDH available in bloodstream [50]. Another reason for the 
enhancement of LDH levels may be increased may be due to the 
formation of cell necrosis caused by heavy metal treatment. Normally, 
erythrocytes have high levels of LDH; therefore, even low-level 
hemolysis occurred in the tissues can alter the serum activity 
considerably. Continuous enhancements of LDH are also observed for 
megaloblastic anemia, shock, renal infarction, hemolytic conditions, 
leukemias, and liver disease [51]. The various isoenzymes of LDH can 

be identified by electrophoresis, and these may also help in identifying 
the source of tissue damage [52]. Normally, LDH carried out the catalytic 
process for the conversion of lactate to pyruvate in a stressful condition. 
Therefore, it is considered as an important enzyme for generating 
energy in cells during the need of energy demand faced by the internal 
organs [53]. In the present experimental study, an enhanced level of 
LDH activity was noticed in the blood stream of rat when treated with 
mercuric chloride. Due to the mercury toxicity effect, the animals were 
faced with the energy demand to overcome the toxicity impact. The 
internal organs especially liver cells get damaged due to the oxidative 
process caused by mercury toxins. In the present study, an enhanced 
level of LDH activity noticed in the bloodstream is conforming the 
cellular damages occurred in the internal organs because the copious 
amount of LDH enzymes coming out from the damaged cellular 
organelles to enter in the bloodstream. Most of the experimental works 
prove that the estimation of LDH enzyme is used to evaluate tissue 
damage of the affected organ [54,55], and serum LDH is a biomarker of 
liver tissue lesions [56]. The occurrence of cell necrosis leads to increase 
the availability of LDH enzymes in tissue and serum [57]. Continuous 
elevation of LDH enzymes release in the blood is an indicator of cellular 
damages occurred in the internal organs. In the intoxicated animal, cell 
death, and disintegration of cell membrane also a causative factor for 
promoting the elevation of LDH in the bloodstream [58]. In the present 
experimental study also confirms that an enhanced level of serum LDH 
was occurred in rats when treated with mercuric chloride. LDH activity 
levels were increased in the blood which  reflects the increased cell 
leakiness, hemolysis and cell death caused by oxidative stress promoted 
by mercury toxicity [59]. Bilirubins are enzymes normally it occurred at 
a higher concentration in cytoplasm. If hepatopathy occurred in an 
animal, bilirubin enzymes come into the bloodstream in conformity 
with the extent of liver damage. Measurement of bilirubin in the 
bloodstream is the conventional indicator of liver diseases or damages 
caused by the toxicants [60-62]. In normal condition, the measurement 
of bilirubin and its components in the blood reflects the liver function 
or hemolysis in animals [63]. During the breakdown of heme content 
bilirubin is formed [64]. The formation of conjugated bilirubin is 
directly related to the breakdown of the heme content, and it is then 
transported to the liver. In normal healthy condition of the animal, the 
level of albumin is the most abundant protein (nearly 52–60 % of the 
total plasmatic protein content) occurred in blood plasma. It plays a key 
role in transporting endogenous ligands and xenobiotics. Albumin is 
the main and major protein content in the bloodstream, and it also 
synthesized by the liver organ. During the stressful condition, the 
production of albumin content is decreased due to the formation of 
hepatotoxicity in animals. The normal range of albumin occurred in the 
bloodstream is drastically altered by the exposure of heavy metal so 
that the measurement of albumin content present in the bloodstream 
can be used as a supplementary test for hepatic function of an 
animal [65]. The main role of albumin in the bloodstream is the 
formation of non-covalent complexes at specific binding sites, actuating 
in the regulation of their plasmatic concentration [66,67]. The liver 
functional capacity might be determined through the availability of 
albumin content present in the blood circulation because it is considered 
as a very good indicator of liver functional capacity [68]. In the present 
experimental study, the level of albumin content was drastically 
decreased in the blood of rat when it was treated with mercury poison. 
Cholesterol forms an integral part of cell membranes, providing unique 
physical properties to the membranes to facilitate cellular functions [69]. 
It is also the precursor of cholesterol ester, bile acids, and steroid 
hormones and its synthesis is primarily dependent on hepatocyte 
metabolism but may occur in any tissue. Cholesterol absorption is 
dependent on biliary secretion and the hydrolytic activity of pancreatic 
lipase. Despite the lack of fat hydrolysis during pancreatic insufficiency, 
some cholesterol absorption still occurs due to bile salt 
emulsification [70]. The amount of cholesterol from dietary sources 
and hepatic synthesis is under close homeostatic control with the rate 
of synthesis inversely proportional to absorption. The dietary 
cholesterol ester is majorly utilized in the liver and is lost in the form of 
bile acids, free cholesterol or its derivatives in bile [71]. Administration 
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of mercury and its compounds is causes severe damages in glomerular 
cells. Heavy metals have been known to cause alterations of kidney 
function in animals [5,72-74]. Especially mercury and its compounds 
can cause adverse effects on the renal parameters and its 
function [75-87]. Evaluation of kidney functions in an animal, the 
parameters such as blood urea nitrogen, uric acid, and creatinine levels 
in the blood are act as very good indicators [78]. Most of the 
experimental studies suggested that increased levels of urea, nitrogen, 
uric acid, and creatinine concentrations in blood reflected the 
dysfunction of kidney in animals [5,74,79-80]. In natural condition, 
most of the heavy metals are promoting hepatotoxicity and 
nephrotoxicity in rat which leads to cellular damages occurred in liver 
and kidney cells mainly by inhibiting their antioxidant properties [81]. 
Liver and kidney diseases are worldwide problems, and conventional 
drugs used in the treatment of liver and kidney diseases are sometimes 
inadequate and can have serious adverse effects [82,83]. Hepatotoxicity 
and nephrotoxicity denote injury to the liver and kidney organs that are 
allied with diminished their functions. Number of medical plants and 
their formulations are being used for liver and kidney disorders in 
ethnomedical practices and in the traditional system of medicine in 
India [84]. Conventional drugs used in the treatment of liver and kidney 
diseases are often inadequate [85]. It is, therefore, necessary to search 
for supplementation/alternative drugs for the treatment of hepatic 
nephritic damages caused by heavy metal especially mercury and its 
compounds [86]. Drastic enhancement of serum hepatic-markers 
activity suggested the extensive liver injury induced by heavy metal 
through its free radical production in mercury intoxicated rat, which is 
causing hepatic cell damages resulting in increased leakage of cellular 
enzymes [87,88]. In the present experimental study, the elevated level 
of bilirubin concentration was noticed in the serum of mercuric chloride 
treated rats that shows the evidence of hepatic damage. Administration 
of CA attenuated mercuric chloride induced hepatotoxicity, as shown by 
the restoration of AST, ALT, ALP, and LDH activities and concentration of 
bilirubin to their near normal levels in mercury intoxicated rats. The 
present experimental result clearly indicates that CA may offer 
protection by stabilizing the cell membrane in hepatic disorders 
induced by mercuric chloride. Pari and Prasath [89] also observed a 
similar type of result in Ni intoxicated rat liver when it was treated 
again with CA. They are suggested that administration of CA protects 
the liver from Ni-induced oxidative damage by decreasing and restoring 
the liver marker enzymes, lipid peroxidative markers and by increasing 
antioxidant cascade. The above effect of CA could be due to its 
antioxidant nature, which includes free radical scavenging and metal 
chelating properties. Thus, CA might prove beneficial in alleviating the 
toxic effects of Ni on liver.

CONCLUSION

During the recovery period, CA when administrated to orally with 
mercury intoxicated rat serum shows a decreased trend. An elevated 
level of both biochemical and bioenzymological functions was reached 
to near normal level in the mercury intoxicated rats when administrated 
with CA, respectively. The present experimental study suggests that the 
rats given CA followed with HgCl2 showed significant improvement 
of elevated serum biochemical and bioenzymological parameters are 
indicative of both kidney and liver function as compared with mercuric 
chloride treated group. CA followed by HgCl2 significantly promoted 
the health status of the animals and also rectified the tissue damages 
induced by toxicant. The present studies suggest that CA. Further 
research is needed to supporting this result.
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