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ABSTRACT: Mercury is the more risky heavy metal for human health because 

of its ability to kill human nerve cells and its exposure to the environment 

through human activities, which implicate sewage drainage, agriculture, 

municipal, mining, incineration, and drainage of industrial wastewater. Mercury 

and its compounds cause toxic action in the body by several mechanisms, which 

mainly cause the nervous system through their molecular and cellular effects. 

The present research intended to investigate the ameliorative potential of 

betulinic acid and rotundic acid against mercuric chloride (HgCl2) (1.29 mg/kg 

b. w.) induced neurotoxicity in adult male rats. The examination was 

implemented in male albino Wistar rats (n = 36). Which was partitioned into six 

gatherings as follows: Control, HgCl2, HgCl2 + betulinic acid, HgCl2 + rotundic 

acid, betulinic acid alone, and rotundic acid alone. The results revealed that 

intense HgCl2 regulation modified different biochemical specifications 

incorporated with the high volume of lipid peroxidation (LPO) portion and a 

significantly depleted level of reduced glutathione (GSH), superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase (GPx) pursuits in the brain 

tissue. Acetylcholinesterase AChE activity in the brain tissue was also brought 

down in HgCl2-intoxicated rats. Betulinic acid and rotundic acid is a natural 

antioxidant that assists in safeguarding oxidative injury by diminishing oxidative 

stress. In contrast, the treatment of betulinic acid and rotundic acid (5 mg/kg B. 

W) in the brain tissue reveals a significant reduction in the degree of oxidant 

level and concurrently an elevated level of antioxidant properties and AChE 

activity via rehabilitation in brain tissues. Oxidant substance (LPO), AChE 

activity status, non-enzymatic antioxidant (GSH), and enzymatic antioxidants 

(GPx, SOD, CAT) reactions were additionally developed close to the normal 

(control) level when compared with mercury-treated groups. 

INTRODUCTION: Mercury was poisonous in all 

forms that regulate cellular function by altering the 

tertiary and quaternary structure of proteins and 

binding with sulfhydryl and selenohydryl groups.  
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Mercury can potentially diminish any organ's 

function or sub-cellular structure.  The chief target 

organ of mercury vapors was the brain, whereas 

peripheral nerve function, renal function, immune 

function, endocrine and muscle function, and 

several types of dermatitis also included 
1
.  

Tremendous acute exposure to mercury vapor leads 

to erosive bronchitis, and bronchiolitis 

prospectively leads to respiratory failure and is also 

accompanied by CNS symptoms such as tremor or 

erethism 
2
.  
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Chronic exposure to significant doses of mercury 

vapor results in neurological dysfunction. When 

low-level exposure, nonspecific symptoms like 

weakness, fatigue, anorexia, weight loss, and 

gastrointestinal disturbance have been occurs. 

Higher exposure levels were associated with 

mercurial tremor like fine muscle fasciculations 

punctuated every few minutes by coarse shaking. 

Exposure to mercury vapour causes erethism 

mercurial is of severe behavior and personality 

changes, emotional excitability, loss of memory, 

insomnia, depression, fatigue, delirium, and 

hallucination 
3
.  

Mercury and its compounds mostly inhibit the 

activities of the free radical quenching enzymes 

such as catalase, superoxide dismutase, and 

glutathione peroxidase 
4
. The affinity of mercury 

chloride towards the thiol-containing enzymes, a 

common factor in these mechanisms was the 

excessive generation of reactive oxygen species, 

which manifested as increased lipid peroxidation in 

the cells 
5
. Significant reductions in the levels of 

glutathione, GSH-Px, GST, and catalase activities 

in the liver have been reported to accompany 

increased oxidative stress and lipid peroxidation in 

the liver 
6
. Mercury has a fondness for thiol groups; 

on the other hand, organic Hg molecules affect 

essential enzymes such as the mitochondrial 

pyruvate dehydrogenase and also structural 

components present in the neuronal cytoskeleton 

system 
7
. The brain was the major targeted organ of 

both the organic and elemental Hg. Hg exposure 

can bring about various other diseases, including 

hypertension, coronary heart disease, myocardial 

infarction, cardiac arrhythmias, generalized 

atherosclerosis, and renal dysfunction 
8, 9

.  

The brain is an immensely heterogeneous organ 

with a numerous number of different neuronal and 

non-neuronal types of cells and broad 

morphological differentiation and biochemical 

compartmentalization inside the cell 
10

. The 

nervous system comprises various greatly 

specialized cells including many different types of 

neurons and ganglia. Furthermore, the confinement 

and connectivity of individual neurons determine 

their structure and function in the central nervous 

system 
11

. Mercury and its compounds damage the 

central nervous system and the accumulation of 

mercury in the brain leads to death 
12, 13

. Heavy 

metal poisoning has primarily been treated with 

chelation therapy. About 80% of the world’s 

population trusts traditional medicines for their 

primary health care, and most of them involve the 

use of plant extracts 
14

. Chelation therapies mainly 

consider the solubility of the chelator in water or 

lipids 
15

. They also may capable of aqueous 

solubility, which facilitates transport within the 

circulating blood and rapid excretion through the 

kidneys, whereas chelator may reveal greater 

penetration to the cellular membranes a barrier and 

within the central nervous system, and anti-

oxidative agents will be able to chelate intracellular 

toxicants 
16

.  

Betulinic acid (BA) is a habitually present 

pentacyclic triterpenoid, non-toxic and safe upto a 

dose of 500 mg/kg per body weight of animals, 

particularly in mice and rat 
17, 18

. The birch tree 

(Betula spp., Betulaceae) is one of the best 

commonly announced wellsprings of betulinic acid. 

BA was also segregated across several geneses as 

follows Syzygium spp. (My- rtaceae), Ziziphus 

spp. (Rhamnaceae), Paeonia spp. (Paeoniaceae) and 

Diospyros spp. (Ebenaceae) 
19

. BA has been 

proclaimed to possess antioxidant, antibacterial, 

anti-cancer, and anti-inflammatory activities 

followed by various researchers in different kinds 

of experiments 
20, 21, 22, 23, 24, 25

. Rotundic acid, a 

plant-derived pentacyclic triterpene, is broadly 

present in edible and medicinal plants 
26, 27

. RA is a 

typical bioactive pentacyclic triterpene that has 

been preferred as the quality control marker 
28, 29

. 

RA has various and extensive pharmacological 

properties, including anticancer, anti-inflammatory, 

antidiabetic, antibacterial, antimycobacterial, lipid-

lowering properties, etc. 
30, 31, 32, 33, 34, 35

. With these 

points of view, the current investigation was 

designed to examine the protective potential of 

betulinic acid and rotundic acid as an oral 

administration in opposition to neurotoxicity 

generated through mercuric chloride in the brain 

tissue of albino rats. 

MATERIALS AND METHODS: 

Chemicals Utilized: Mercuric chloride (HgCl2) 

and vital reagents for investigative evaluation were 

obtained from Hi-Media Laboratories Ltd, 

Mumbai, India. Betulinic acid and rotundic acid 

were acquired from Sigma Aldrich Laboratories 

Pvt. Ltd, Bangalore, India. 
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Adaptations of Animals: Healthful adult male 

albino rats, Rattus norvegicus of body weight 

between 180–200 g were acquired from the Central 

Animal House, Department of Experimental 

Medicine, Raja Muthiah Medical College and 

Hospital, Annamalai University, and kept up in a 

cool air conditioning room (25 ± 3°C) with a 12 h 

lighted and 12 h dull cycle. Feeds, water, and ad 

libitum were distributed to all the rats. The 

experimental protocols were examined and 

accepted by the Institutional Animal Ethics 

Committee of Rajah Muthiah Medical College and 

Hospital (IAEC, Proposal Number: AU-IAEC/ 

1228/1/19), Annamalai University, Annamalai 

Nagar. 

Experimental Outline: 36 animals were 

acclimatized in the animal cages for 7 days. They 

were rifled and partitioned into six gatherings; each 

comprised of six rodents. The toxic dose of 

mercuric chloride has been resolved (sub-lethal 

dosage of HgCl2 1.29 mg/kg body weight) from our 

past examination conducted in our laboratory. 

Furthermore, it has adequate to evoke gentle or 

mediated oxidative stress in rodents 
36

. 

Group I: Untreated control- just coursed (0.9% 

NaCl) was given to the animals and watched for 7 

days. 

Group II: Mercuric chloride treatment- the 

animals were managed with 1.29 mg of HgCl2/kg 

body weight in 0.9% NaCl intraperitoneally for 7 

days. 

Group III: Mercuric chloride followed BA 

treatment- the animals were managed with betulinic 

acid (5 mg/kg body weight) after the inebriation of 

mercuric chloride for 7 days. 

Group IV: Mercuric chloride followed RA 

treatment- the animals were managed with rotundic 

acid (5 mg/kg body weight) after the inebriation of 

mercuric chloride for 7 days. 

Group V: BA treatment alone- the animals were 

given betulinic acid (5mg/kg body weight) alone 

for 7 days. 

Group VI: RA treatment alone the animals were 

given rotundic acid (5mg/kg body weight) alone for 

7 days. 

Towards the end of the experiment, the animals 

were unconscious by intra-cutaneous infusion of 

ketamine hydrochloride (24 mg/kg body weight) 

and relinquished by cervical displacement. The 

entire brain tissue was immediately segregated 

from the animal, placed in super cold saline, and 

afterward utilized for the assessment of AChE, 

oxidant and antioxidant characters and for 

histological examination. 

Determination of Lipid Peroxidation (TBARS): 
The LPO/TBARS quantity in the brain tissue was 

determined by following the procedure of Nichans 

and Samuelsen 
37

. A notable measure of entire 

brain tissue homogenate was set up in a buffer of 

Tris-HCl (pH 7.5). From the homogenized tissue 1 

ml was grabbed in a perfectly cleaned test tube, and 

2 ml of TBA-TCA-HCL reagent were included and 

blended completely. The fusion was placed in a 

sizzling water bath (60°C) for up to 15 min and 

cooled under running tap water. After cooling, the 

mix was taken to study the chromophore absorption 

at 535 nm contra the reagent blank under a UV-

visible spectrophotometer (Spectronic-20, Bausch, 

and Lamb). Around 1, 1’, 3, 3’ tetra methoxy 

propane was utilized to build the standard graph. 

The respective values are stated as n-moles of 

MDA delivered per 100 mg. 

Determination of Reduced Glutathione (GSH) 

Activity: The proportion of reduced glutathione in 

the brain tissue was estimated by adopting Beutler 

and Kelley 
38

 method. The measured weight of 

tissue was homogenized with the help of phosphate 

buffer (0.1 M. pH 7.0) followed by centrifugation 

for 5 min at 2500 rpm. 0.2 ml of supernatant from 

the sample was grabbed, and 1.8 ml of EDTA 

solution was added to it. To this content, 3 ml of 

precipitating reagent was included and merged 

thoroughly and set aside for 5 min then centrifuged 

at 3000 rpm for10 min. 2 ml of the mixture was 

taken in a clean test tube and followed by adding 4 

ml of 0.3 M disodium hydrogen phosphate 

suspension and 1 ml of DTNB reagents were 

included. The emergence of yellow colour was 

perused at 412 nm under a UV-visible spectro-

photometer (Spectronic-20, Bausch, and Lamb). 

Group of standard solutions accommodated with 

20–100 μg of reduced glutathione was 

correspondingly treated. The core values are 

illustrated by μg/100 mg protein. 
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Determination of Superoxide Dismutase (SOD) 

Activity: Superoxide dismutase take place in the 

brain tissue was analyzed using the Kakkar method 
39

. The known amount of brain tissue was 

homogenized with 2 ml of 0.25 M sucrose solution 

and centrifuged at 10,000 rpm in a cold centrifuge 

for 30 min. After completion, the supernatant of the 

content was then grabbed in a clean test tube, 

dialyzed against Tris-HCl buffer, and mashed up 

thoroughly.  

The combination was repeated centrifugation for 15 

min at 3000 rpm. The supernatant was taken and 

1.2 ml of sodium pyrophosphate buffer, 0.1 ml of 

phenazine methosulphate and 0.3 ml of nitroblue 

tetrazolium reagents were introduced. The prepared 

enzyme sample remained in a water bath for 90 s at 

30 ºC and the suitably diluted enzyme was prepared 

in 3 ml of twofold distilled water. The response 

was begun by adding 0.2 ml NADH. After 

completion of the incubation session, the response 

was halted by the addition of 1 m1 glacial acetic 

acid. The combination was vigorously stirred and 

wobbled with 4 ml n-butanol.  

The combination was permitted to stay for 10 

minutes and centrifuged for 5 minutes at 3000 rpm, 

and the n-butanol layer was differentiated. The 

shading thickness of the chromogen in n-butanol 

was estimated at 510 nm in a UV-visible 

spectrophotometer. A-frame without an enzyme 

acts as a control. The enzyme concentration needed 

to suppress the chromogen formed up to 50% for 1 

min under standard background was considered one 

unit. The particular venture of the enzyme was 

indicated as unit/min/mg of protein for tissues. 

Determination of Catalase (CAT) Activity: The 

catalase activity in the brain tissue was assayed 

with the help of Sinha 
40

 method. The tissue was 

homogenated by using the phosphate buffer (0.01 

M. pH 7.0). 0.9 ml of phosphate buffer, 0.1 ml of 

homogenated tissue, and 0.4 ml of hydrogen 

peroxide were added to a clean test tube.  

The changes were interrupted beside 15, 30, 45, 

and 60 s by adding 2.0 ml of dichromate acetic 

acid. The test tubes were allowed for 10 min in a 

boiling water bath and cooled under running tap 

water. The emerged colour was observed in a UV 

spectro-photometer at 620 nm. A fixed 

concentration scale of 20–100 μ moles was 

considered for further testing. The particular action 

was stated as μ moles of H2O2 absorbed per 

min/mg of protein for tissues. 

Determination of Glutathione Peroxidase (GPx) 

Activity: The GPx activity in the brain tissue was 

estimated by adopting the Rotruck 
41

. The weighted 

volume of brain tissue was homogenized with the 

help of tris buffer. The homogenate was 

centrifuged for 5 min at 2500 rpm. 0.2 ml of 

supernatant was grabbed into a clean test tube to 

that 0.2 ml of EDTA, and 0.1 ml of sodium azide 

reagents was also added. The content was mixed 

well through lateral shaking of the test tube. 0.2 ml 

of GSH followed by 0.1 ml of H2O2 reagents was 

added to the content. The composition was 

thoroughly mixed and incubated for 10 min at 37 

ºC, and 0.5 ml of 10% TCA was added to it. At the 

same time, a reagent blank was likewise 

implemented with all the reagents without tissue 

homogenate. The medium was undergone 

centrifugation, and the supernatant was utilized for 

GSH analysis. The action was indicated as μ moles 

of GSH depleted per min/mg of protein tissues. 

Determination of Acetylcholinesterase (AChE) 
Activity: Acetylcholinesterase (AChE) activity was 

estimated by the following method of  Metcalf, 
42

. 

The whole brain organ was isolated and 

homogenated in 2.0 ml of 0.25 N cold sucrose 

solutions. After completing the homogenisation 

process, the homogenate content was centrifuged at 

3,000 rpm for 10 minutes. After centrifugation, the 

clear supernatant was taken in a clean test tube and 

used for enzyme assay.  

In a clean test tube, 1.0 ml of clear supernatant was 

taken and 1.0 ml of reaction mixture (0.1 M 

Sodium potassium phosphate buffer and 0.008 M 

acetylcholine chloride in the ratio of 4:6) was 

added and then kept in incubation at 37 ºC for 30 

minutes. After completing the incubation period, 

the reaction was stopped after adding 2.0 ml 

alkaline hydroxylamine hydrochloride followed by 

1.0 ml of hydrochloric acid (1:1 ratio of HCl; 

water) and then the contents were shaken 

thoroughly and filtered with the help of Whatman 

no. 1 filter paper. From the filtrate, 2.5 ml of 

aliquot was taken in a clean dry test tube and then 

0.5 ml of clear 0.37 M Ferric chloride solution was 
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added. The colour was developed. The intensity of 

the colour was measured at 545 nm in an UV–

Spectrophotometer against a reagent blank. The 

enzyme activity was calculated from the standard 

graph. The values are expressed as μ moles 

hydrolyzed / mg wet wt. of tissue/ hr. 

Histology and Histopathological Examination: 

The subjective examination of tissue histo-

architexture was examined by selected brain tissue 

sample, fixed in 10% buffered formaldehyde for up 

to 48 h and dehydrated by processing effectively in 

various concentrations of ethyl alcohol and 

cleansed in xylene and embedded by paraffin wax. 

With the help of the rotary microtome, tissue 

sectioning (5–6 μm thick) was done and 

rehydrated. Then the samples were stained using 

hematoxylin and eosin dyes (H & E) and mounted 

in DPX medium for microscopic perceptions. 

Statistical Analysis: Obtained values are 

expressed as mean ± S.D. for six animals in every 

group. T-test analysis was used to analyze various 

data acquired from assorted biochemical 

parameters, and the group means were correlated 

by Duncan’s multiple range test (DMRT) 
43

. 

Procure values were evaluated statistically 

significant when p < 0.05, and the values sharing a 

general superscript did not significantly differ. 

RESULTS:  

Estimation of Lipid Peroxidation (LPO) Level 

and Glutathione (GSH) Content: The proportion 

of lipid peroxidation was abundantly elevated, and 

concurrently the volume of reduced glutathione 

(GSH) content was lowered in the tissues of rats' 

brains intoxicated with mercuric chloride when 

compared against control animals Table 1. Under 

the post-treatment of betulinic acid and rotundic 

acid followed by mercuric chloride intoxication, 

the rat's brain tissues show restoration of LPO and 

GSH content close to the control animals Table 1. 

TABLE 1: COMPARATIVE ANALYSIS OF BETULINIC ACID AND ROTUNDIC ACID ON LIPID 

PEROXIDATION (LPO) AND REDUCED GLUTATHIONE (GSH) CONTENT ON THE RAT’S BRAIN TISSUES 

INTOXICATED WITH MERCURIC CHLORIDE 

Groups LPO GSH 

Control 1.046±0.01
a
 48.11±2.06

a
 

HgCl2 1.985±0.02
b
 28.91±2.82

b
 

HgCl2+Betulinic acid 1.516±0.02
c
 42.67±2.62

c
 

HgCl2+Rotundic acid 1.694±0.01
d
 40.07±3.02

d
 

Betulinic acid 1.041±0.01
a
 50.98±2.38

e
 

Rotundic acid 1.044±0.02
a
 49.56±4.02

a
 

Values are expressed as mean ± SD; values are taken as a mean of six separate experiments values not sharing a general 

superscript letter or differ significantly (DMRT). LPO values are expressed in n-moles of MDA released per 100 mg and GSH 

as μg/100 mg protein. 

Analysis of Superoxide Dismutase (SOD), 

Catalase (CAT) and Glutathione Peroxidase 

(GPx) Content: The enzymatic antioxidants (SOD, 

CAT, GPx) levels were significantly decreased (p < 

0.05) in the brain tissues of rats intoxicated with 

mercuric chloride when correlated with control rats 

Table 2. The post-treatment of betulinic acid and 

rotundic acid rehabilitated all the above enzymatic 

antioxidants directed (p < 0.05) nearly around to 

the control. 

TABLE 2: COMPARATIVE ANALYSIS OF BETULINIC ACID AND ROTUNDIC ACID ON SUPEROXIDE 

DISMUTASE (SOD), CATALASE (CAT), GLUTATHIONE PEROXIDASE (GPX) CONTENT ON RAT’S BRAIN 

TISSUES INTOXICATED WITH MERCURIC CHLORIDE 

Groups SOD CAT GPx 

Control 2.868±0.37
a
 31.43±2.06

a
 9.167±0.42

a
 

HgCl2 1.697±0.42
b
 20.76±1.89

b
 5.175±0.38

b
 

HgCl2+Betulinic acid 2.693±0.35
c
 28.57±2.25

c
 8.622±0.44

c
 

HgCl2+Rotundic acid 2.541±0.34
d
 27.01±2.02

d
 7.403±0.39

c
 

Betulinic acid 2.996±0.31
a
 34.67±1.91

e
 9.042±0.41

a
 

Rotundic acid 2.902±0.32
a
 32.80±2.08

a
 8.961±0.35

a
 

Values are expressed as mean ± SD; values are taken as a mean of six separate experiments values not sharing a general 

superscript letter or differ significantly (DMRT). SOD values are expressed in unit/min/mg of protein for tissues, CAT as μ 

moles of H2O2 absorbed per min/mg of protein for tissues and GPx as μ moles of GSH depleted per min/mg of protein tissues. 
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Estimation of Acetylcholinesterase (AChE) 
Activity Status: The status of acetylcholinesterase 

activity was abundantly lowered in the tissues of 

rats' brain intoxicated with mercuric chloride when 

compared to control animals Table 3. Under the 

post-treatment of betulinic acid and rotundic acid 

followed by mercuric chloride intoxication, the rat's 

brain tissues show restoration of AChE activity 

levels close to the control animals Table 3. 

TABLE 3: COMPARATIVE ANALYSIS OF 

BETULINIC ACID AND ROTUNDIC ACID ON 

ACETYLCHOLINESTERASE (ACHE) ACTIVITY 

STATUS ON THE RAT’S BRAIN TISSUES 

INTOXICATED WITH MERCURIC CHLORIDE 

Groups AChE 

Control 7.489±0.15
a
 

HgCl2 3.943±0.05
b
 

HgCl2+Betulinic acid 6.596±0.12
c
 

HgCl2+Rotundic acid 5.752±0.24
d
 

Betulinic acid 7.398±0.16
a
 

Rotundic acid 7.246±0.19
a
 

Values are expressed as mean ± SD; values are taken as a 

mean of six separate experiments values not sharing a general 

superscript letter or differ significantly (DMRT). AChE 

values are expressed in μ-moles of formazone formed/mg wet 

weight of tissues/hour. 

Histological and Histopathological Observations 

in the Brain Tissue: The brain tissue Fig. 1A of 

the untreated control rat, Rattus norvegicus, shows 

the normal histo-architecture of Neuroglial cells 

(NG), Pyramidal cells (PY), and Pia mater (PM).  

But the brain tissue treated with a sub-lethal dose 

of HgCl2 for 7 days Fig. 1B shows irregular size 

and shape of Neuroglial cells (NG), Damaged 

Blood Vessels (DBV), Damaged Granule Cells 

(DGC), Damaged Pyramidal Cells (DPC) and 

increased vacuolated spaces.  

Betulinic acid treated on HgCl2 intoxicated rat 

brain tissue Fig. 1C shows the complete 

regenerated Neuroglial cells (NG), Regenerated 

Blood Vessels (RBV), Pyramidal cells (PY), and 

Granule Cells (GC).  

Rotundic acid treated on HgCl2 intoxicated rat 

brain tissue Fig. 1D shows the incomplete 

regeneration of histo-architecture. The number of 

vacuoles is reduced, and some vacuoles disappear.  

 
FIG. 1: HISTOLOGY OF INVESTIGATIONAL RAT BRAIN TISSUE UNDER LIGHT MICROSCOPE WITH H&E 

STAINING AT 10× AND 40× MAGNIFICATION. A, Control brain tissue of rat. B, Mercuric chloride treated brain tissue of 

rat. C, HgCl2 followed with Betulinic acid brain tissue of rat. D, HgCl2 followed with Rotundic acid brain tissue of rat. E and F, 

Betulinic acid and Rotundic acid alone treated brain tissue rat. 
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The regenerated Neuroglial cells and restoration of 

shape and size of the neuroglial cells are also 

noticed. The section shows Neuroglial cells (NG), 

Regenerating Blood Vessels (RBV), Pyramidal 

cells (PY), and Granule Cells (GC). Betulinic acid 

alone treated rat brain tissue Fig. 1E shows the 

remarkable size of neuroglial cells, their thick 

condition, and the complete normal untreated histo-

architecture of the brain tissue. The section 

represented the increased number of Neuroglial 

cells (NG), Pyramidal cells (PY), and Granule 

Cells (GC). Rotundic acid alone treated rat brain 

tissue Fig. 1F shows the complete normal untreated 

histo-architecture of the brain tissue. The section 

represented the normal blood vessels (NBV), 

Neuroglial cells (NG), Pyramidal cells (PY), and 

Granule Cells (GC). 

DISCUSSION: Mercury (Hg) pollution of the 

environment has gathered considerable attention 

due to its inherent toxicity to living forms 
44, 45

. 

Heavy metal toxins cause deleterious effects in 

humans, may induce oxidative stress, and lipid 

peroxidation, and also promote a decline in 

cognitive performance are already documented in 

various studies 
46, 47, 48

. A rise in the reactive 

oxygen species (ROS) is detected as a factor in 

toxicity, directly correlated to lipid peroxidation 
49

. 

Lipid peroxidation is initiated by the mislaying of 

one hydrogen atom from the chains of unsaturated 

fatty acid within the membrane structure as a result 

of ROS synthesized in the organism. The 

membrane damage perceived as a result of lipid 

peroxidation is found to be irreversible 
50

.  

The formation of lipid peroxidation is an 

autocatalytic free radical process whereby 

polyunsaturated fatty acids (PUFA) in cell 

membranes undergo degradation by a chain 

reaction to yield lipid hydroperoxides which 

subsequently decompose to form a variety of 

products in clouding malodialdehyde. Lipid 

peroxidation by Hg has been demonstrated in rat 

tissues, suggesting that the cell membrane 

permeability might be affected by this process 
51, 52

. 

LPO was assessed by using TBARS methods 
53

. 

Previous studies show that the accumulation of 

heavy metals causes to promote the production of 

LPO content in various tissues of animals 
54, 55, 56

. 

LPO is a well-known mechanism of cellular 

damage in the animal body. LPO is a reactive 3-

carbon dialdehyde and the chief oxidative product 

of unsaturated fatty acids in the membranes with 

toxic attributes; high levels of LPO have been 

assigned to variant disorders in humans 
57

. Even 

though HgCl2 toxicity produces reactive oxygen 

metabolites in many tissues, the brain is known to 

be the major target organ. In the present 

experimental study, the level of LPO content was 

enormously increased in rat brain tissue when 

treated with mercuric chloride for 7 days. LPO in 

the brain was identified by increased thiobarbituric 

acid reactive substances (TBARS) formation in Hg-

treated rats. Thus, the level of LPO might be 

increased due to the adverse effect of mercuric 

chloride on the cell membrane. The end products of 

lipid peroxidation might result in the alteration of 

biological membranes; thus, these alterations 

generate serious cellular injury Fig. 1B. 

The principal toxic impact of mercury involves 

interactions with many cellular processes, including 

the formation of complexes with free thiols and 

protein thiol groups by reducing its content which 

may lead to oxidative stress. Mercury produces 

oxidative damage via H2O2 generation, thereby 

leading to lipid peroxidation 
58

. The elevated level 

of LPO in the HgCl2 intoxicated rats indicates the 

increased free radicals formation, which could 

damage and disorganize the lipid bilayers of the 

membrane resulting in cellular dysfunction 
59

. 

Ansar 
58

 also had been reported that administration 

of HgCl2 caused a significant increase in the levels 

of LPO in the rat brain.  

Furthermore, free radicals from the mercuric ion 

may also deactivate several enzymes by blocking 

the functional sites through binding to their 

sulfhydryl groups, which are part of catalytic or 

binding domains 
60

. HgCl2 also depletes defensive 

antioxidants, namely glutathione, and inhibits the 

activities of free radical scavenging systems, 

including catalase (CAT), superoxide dismutase 

(SOD), and glutathione peroxidase (GPx) 
61

. 

Primarily, oxidative damage occurs by developing 

reactive oxygen species such as superoxide anions, 

and peroxides, and it can damage the proteins, 

lipids, and DNA. Hence, it might cause a loss of 

enzymes' enzymatic activities and structural 

integrity along with activating inflammatory 

processes 
62

. It was described that the toxic effects 

of mercury lead to alterations in the structural 
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stability of the mitochondrial inner membrane, 

resulting in the depletion of glutathione levels in 

mitochondria and enhancing the formation of 

hydrogen peroxide through the electron transport 

chain of mitochondria 
63

. Glutathione is the most 

abundant low molecular weight thiol-containing 

compound in living cells. Its reduced form 

contributes to the stabilizing thiol groups of 

membrane enzymes and by acting as a protective 

agent for cells against oxidative stress and 

detoxification of ROS 
64

.  

Glutathione (GSH) is a non-enzymatic antioxidant 

that plays a dominant role in protecting cells 

against oxidative stress, neutralizing free radicals 

and hydroperoxides, reducing H2O2, and 

detoxifying many xenobiotics 
65

. The nucleophilic 

thiol groups afforded by cysteine residue of GSH 

play a vital role in detoxifying electrophilic 

metabolites and metabolically produced oxidizing 

agents 
66

. GSH can scavenge free radicals by 

transferring hydrogen and also reducing peroxides 

to sustain protein thiols in reduced conditions 
67

. 

Reduced Glutathione (GSH) is highly abundant in 

all cell chambers, and is the chief soluble 

antioxidant. The ratio between the reduced GSH 

and oxidized GSH is a major determinant of 

oxidative stress 
68

.  

In the present experimental study, the level of 

reduced glutathione (GSH) content was drastically 

decreased in the brain tissue of rats when treated 

with a sub-lethal dose of mercuric chloride for 7 

days. This result clearly shows that it is mainly due 

to the imbalance between oxidants and defense 

mechanisms in the intoxicated rats. This depletion 

of GSH leads to oxidative stress. Subsequently, it 

results in the loss of structural and functional 

integrity of cells Fig. 1B. Once mercuric chloride 

bonds with GSH were identified in the cells. The 

level of GSH, which is the primary line of cellular 

protection against toxic agents and major 

intracellular conjugation factors, reduced and 

displayed damaged function in Hg toxicity 
69

. The 

binding of HgCl2 to GSH reduced the level of GSH 

in the cells and reduced the antioxidant properties 

of the cells 
70

. Because administration of HgCl2 in 

normal rat tissues is getting significant reductions 

in GSH and decreases the GSH/GSSG ratio while 

markedly increasing MDA formation compared 

with that in the control group. The combination of 

raised LPO and reduction in the level of GSH 

support the presence of oxidative stress, which 

agrees with previous reports 
71, 72

. The endogenous 

antioxidant enzymes such as SOD, CAT, and GPx 

address the principle caution step towards ROS 
73

. 

Excessive oxidative stress brings a drastic 

imbalance between the antioxidant enzymes and 

pro-oxidative markers, namely superoxide anion, 

hydroxyl radical, H2O2, and singlet oxygen.  

The excessive production of ROS exhausts the 

antioxidant defense capabilities and oxidatively 

modifies enzymatic proteins that become 

nonfunctional 
74

. Enzymes such as SOD, CAT, and 

GPx also play important roles in protecting against 

free radical damage. They are considered the 

primary antioxidant enzymes since they are 

involved in the direct elimination of active oxygen 

species. A toxicant can be a nucleophile or 

converted to a nucleophile by microsomal 

enzymes. After administering toxicants, the 

enzymes responsible for protecting against 

nucleophilic damage are also affected 
75

. 

Antioxidants exhibit a protective potential in 

ameliorating the metal-induced damages either by 

the activity of metal chelation or through increasing 

the activity of antioxidant enzymes 
76, 77

.  

SOD’s were described as common stress-receptive 

factor and could eliminate the cellular ROS 

induced by various physical, chemical, and 

biological signs 
78

. Superoxide dismutase (SOD), as 

an important enzymatic antioxidant is generally 

considered a biomarker in evaluating oxidative 

stress for showing redox status 
79

. Catalase (CAT) 

is a heme protein that decomposes hydrogen 

peroxide and protects the tissues from highly 

reactive hydroxyl radicals. The reduction in the 

activity of these enzymes may be due to oxidative 

stress exerted by the intoxication of different 

toxicants in animals 
80

. The glutathione peroxidase 

(GPx) is a crucial antioxidant enzyme that is 

necessary for protection against the damaging 

effects of lipid peroxidation in organs 
81

. 

Glutathione peroxidase (GPx) catalyzes the 

oxidation of GSH to GSSG; this oxidation reaction 

occurs at the expense of H2O2. Therefore it also 

helps in clearing the toxic compounds present in 

the cell like hydrogen peroxide 
82, 83

. In opposition 

to free-radical damage, defense mechanisms 

induced endogenous antioxidant enzymes such as 
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SOD, CAT, and GPx 
84

. High levels of ROS or any 

interruption in the oxidant and antioxidant status 

can result in oxidative damage to macromolecules 

like DNAs, proteins, and lipids, along with tissues 

and organs 
85

. In the present experimental study, 

the level of antioxidant enzymes (SOD, CAT, and 

GPx) activities decreased in the brain tissue of 

HgCl2-induced rats compared to the control group. 

The present experimental result indicated that 

HgCl2 could cause severe oxidative stress in the 

target organs of rats. Thus, these results are parallel 

to previous studies 
86

, which reported the 

significant depletion of GSH and a significant 

decrease in the activities of SOD, CAT, and GPx 

after the intoxication of HgCl2 confirmed through 

the formation of oxidative stress 
87, 88, 89

.  

The reduced level of SOD activity further indicated 

an increased superoxide radical production and, 

consequently, higher hydroxyl radical formation. 

CAT and GPx may provide a direct defense by 

eradicating the hydrogen peroxide, one of the 

leading hydroxyl radicals, a potential reactive 

structure 
90

. Changes in these enzyme activities 

might finally lead to the depletion of GSH levels 

resulting in oxidative damage to the nerve tissues 

was also supported by histopathological 

observations Fig. 1 
51, 60

. 

Acetylcholinesterase (AChE) is responsible for 

hydrolyzing and deactivating acetylcholine in the 

nervous system; it is also a good indicator of heavy 

metal toxicity 
58, 91

. Among the heavy metals, 

mercury and its compounds are highly toxic. 

Neurotoxicity effects of mercuric chloride mainly 

depend upon the degree of alterations in the activity 

of different neurotransmitter enzymes in animals. 

Determining acetylcholinesterase (AChE) activity 

level in the brain tissue is a very good tool for 

mercuric chloride toxicity targets in intoxicated 

rats. The fluctuations and disturbance in AChE 

activity can explain some neurotoxicological 

characteristics of mercury and its compounds. In 

the present experimental work, AChE activity was 

drastically decreased in rat brain tissue when 

treated with a sub-lethal dose of mercuric chloride 

for 7 days. Because mercury and its compounds 

bind easily to the active site of AChE and reduce its 

activity. At this time, a neurotransmitter (ACh) is 

not hydrolyzed, and it might promptly be gathered 

in cholinergic regions of nerve endings in the 

intoxicated brain 92, 93, leading to impairment of 

numerous physiological functions 
94, 95

. Most of the 

experimental work reported that AChE was 

significantly decreased in the brain of rats when 

treated with mercuric chloride 
58, 91, 96, 97

. Coluccia 

et al., 
98

 have also reported behavioral and spatial 

learning defects in animals due to mercury 

treatment leading to cognitive impairment in rats. 

Motor neuron cognition functions and motor 

activities are supervised by normal levels of 

acetylcholine content and acetylcholinesterase 

(AChE) activity. The reduced level of AChE 

activity leads to an accumulation of acetylcholine, 

causing overstimulation of the receptors of 

neurons.  

This mechanism can prompt undesirable effects in 

animals. The brain can generate the signal and pass 

it through the nerve junctions to promote muscular 

movements. Generally, a neurotransmitter (ACh) is 

liberated from one nerve to another nerve to 

promote the stimulation of body movements. 

During this process, ACh is split or hydrolyzed by 

AChE. This is an important enzyme found in 

various CNS junctions and nerve endings in 

various glands and nodes throughout the body.  

In normal conditions, deposition of AChE and ACh 

consistently plays an important role in a delicate 

balance, interacting with the complex nervous 

system, which controls most of the body functions 

like learning and memory processes, as well as 

locomotor control and cerebral bloodstream 
99, 100

. 

The cerebellum possesses various unique 

advantages as a model system for motor 

coordination. Abnormal behavior was noticed in an 

intoxicated animal mainly because exposure to 

toxicants may lead to cerebellum damage, and it 

may cause a reduction in the level of AChE 

activities. ROS has recently been indicated as an 

additional mechanism by which mercury exerts 

initial neurotoxic impact 
101

, accompanied by 

altered Na+/K+-ATPase and AChE activities in 

mammals 
58

. In the present experimental study, the 

overproduction of reactive oxygen species (ROS) 

can also initiate undesirable biological responses, 

including tissue injury or cell death within the 

central and peripheral nervous systems. It has been 

shown that an increased production of ROS caused 

by mercury-induced toxic impacts might cause the 

altered brain or other cellular functions, at last 
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resulting in cell death and pathophysiological 

damages (Fig. 1). That occurrence is accompanied 

by depletion in enzymatic antioxidants. Several 

studies show decreased AChE activity in brain 

tissues after Hg exposure 
101, 102, 103

.  

Additionally, AChE inhibitor probably promotes 

death in intoxicated animals by blocking neuro-

transmission in the brain's respiratory center in 

neuromuscular function. Because during the 

intoxication process, inhibiting or suppressing the 

glutathione production in brain cells inhibits their 

ability to release mercury toxicants from the target 

tissues, especially brain tissue. So, mercury and its 

compounds mainly accumulate in the central 

nervous system, primarily in astrocytes, the cells 

that provide the first line of defense for the central 

nervous system against toxic compounds. Thus, 

they result in a loss of muscular coordination, 

convulsions, and finally, death 
91, 101, 104

. 

Now a day’s, massive attempts are being sought in 

the search for new drugs against the toxicity of 

different types of mercurial compounds; there is no 

effective treatment that totally eliminates the toxic 

impacts on the animals. Additionally, chelating 

compounds assist in diminishing mercury burdens 

in animals 
105

. Previous studies have reported that 

plant-derived phenolic compounds mainly possess 

radical scavenging properties. The antioxidant 

(radical scavenging) activity of phenolics is 

majorly attributed to their potential ability to 

scavenge ROS like superoxide anions, hydrogen 

peroxides, hydroxyl radicals, and hypochlorous 

acids 
106, 107

. Betulinic acid and Rotundic acid are 

the habitually present phenolic compound in many 

plants and have been proclaimed to possess 

antioxidant and anti-inflammatory activities 
25, 32

. 

In the present investigation, mercury prompts 

oxidative stress in the brain tissue, manifested by 

increased lipid peroxidation formation. 

Simultaneously, it was also found to decrease the 

activity of three major enzymatic antioxidants, 

namely SOD, CAT, GPx, and non-enzymatic 

antioxidant (GSH), along with AChE activity, 

when they were intoxicated with mercuric chloride. 

These results indicated a significant oxidant burden 

on the brain of intoxicated mercury rats. 

Furthermore, in the present experimental study, 

BA, and RA improved the survival rate and 

prevented brain injury (Fig. 1C & D) in the 

mercury-intoxicated rat. BA and RA endeavor a 

protective effect against the toxicity induced by 

mercuric chloride by way of improving the non-

enzymatic antioxidant (GSH) and enzymatic 

antioxidants (SOD, CAT, and GPx) along with 

AChE using its scavenging property like lowering 

the LPO levels as a meritorious antioxidant.  

The antioxidant potential of betulinic acid and 

rotundic acid reduced the generation of free 

radicals in the respective organ of mercury-

intoxicated rats. Thus the result suggested that both 

phytochemical compounds not only have the 

synthesis of antioxidant properties and also act as 

phyto-chelating substances. Different authors 

observed similar results in intoxicated rat and mice 

tissues when treated with Betulinic acid and 

Rotundic acid. Adeleke et al., 
18

, Betulinic acid 

enhanced the activities of superoxide dismutase, 

catalase and the levels of reduced glutathione in the 

liver and kidney of wistar rats treated with atrazine 

an herbicide.  

Similarly, BA improves the activities of SOD, 

CAT, and GPx in a dose-dependent manner when 

compared with alcohol-treated liver of mice 
108, 109

. 

To support the present study, Hsu et al., 
32

 found 

RA treatment reduces the production of ROS and 

GSSG and increases the GSH, GPx, and catalase in 

the heart and kidney of diabetic mice. Thus, these 

observations indicate that BA and RA exert 

prominent antioxidant effects against the toxicants' 

oxidative damage.   

CONCLUSION: Therefore, the present study's 

finding indicated that exposure to HgCl2 induced 

severe changes in the various activities of the brain 

and prompted neuro-toxicity. Betulinic acid and 

rotundic acid have a protective efficacy against 

HgCl2-induced toxicity. This protection may be due 

to these antioxidants' free radical scavenging 

effects and/or their enhancing effects on the 

antioxidant properties. Our results suggest that 

betulinic acid and rotundic acid might be promising 

compounds for treating neuro-toxicity induced by 

mercuric chloride. 
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