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ABSTRACT 
 

The present study was aimed to assess the hepatoprotective effect of 

ethanolic extract of Garcinia gummi-gutta (GGE) fruit rind on 

acetaminophen-induced toxicity in a rat model and to explore the possible 

mechanism of action by assessing hepatic histopathology, serum bio-

chemical parameters and expression of CYP2E1 gene in hepatic cells. The 

group I and 11 animals served as normal control and hepatotoxic control 

group, respectively; while group III, IV and V were administrated with 

GGE fruit-rind extract @ 50, 100 & 200 mg kg-1 orally, respectively, for 10 

days. The group VI (positive control) received drug silymarin @ 100 mg 

kg-1 day-1 orally for 10 days. Hepatotoxicity was induced by single oral 

administration of acetaminophen (2 g kg-1) on 8th day. The results revealed 

that the extract produced dose-dependent hepatoprotective effect against 

acetaminophen-induced hepatic damage by improving the serum bio-

chemical profile towards the normal range. Histopathology of liver showed 

that pretreatment with fruit-rind extract attenuated the toxicant-induced 

hepatocellular necrosis and enhanced the regeneration of hepatic cells. The 

hepatic expression level of CYP2E1 gene was found down-regulated in a 

dose dependent manner in extract-treated group as compared to the 

normal control group. The study revealed remarkable hepatoprotective 

effect of GGE in acetaminophen-induced toxicity in rats through 

regeneration of hepatic cells and by decreasing the formation of reactive 

metabolite, NAPQ1 by modulation of CYP2E1 gene expression in liver. 
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INTRODUCTION 
 

 

Liver is the largest visceral organ in human body and serves as the chief site of metabolism and 
excretion. It plays a pivotal role in the regulation of numerous interrelated vital physiological 

processes and biochemical pathways of body responsible for growth, immunity, homeostasis, 

metabolism of carbohydrate, protein and fat, secretion of bile, blood coagulation and detoxification 
of exogenous and endogenous substances (Stanger, 2015). The maintenance of a healthy liver is a 

crucial for good health. Continuous exposure to xenobiotics, pollutants, toxic chemicals, food 

additives, heavy metals, alcohol, infections, prescribed and over-the-counter drugs can eventually 
lead to several liver pathophysiological problems like hepatitis, hepatic encephalopathy, abscess, 

cirrhosis, metabolic liver disease, carcinoma etc. (Brennan et al., 2021; Thuluvath et al., 2021). 
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Acetaminophen (N-acetyl-p-aminophenol, acetaminophen, APAP) is a widely used anti-
pyretic and analgesic agent which is considered safe at therapeutic doses, but may cause fatal liver 

damage in human and animals due to over-dosage. Drug-induced intrinsic hepatotoxicity produced 

by acetaminophen is a persisting and challenging critical global health issue which accounts for 
>50% acute liver failure cases in the world (Katarey et al., 2016). In conditions of acetaminophen 

overdosage, the toxicity is initiated by P450-mediated reactions, convert APAP to the reactive 

metabolite, N-acetyl-p-benzoquinone imine (NAPQI), causing depletion of hepatic glutathione 

antioxidant defense system and subsequent oxidative stress (Das et al., 2010; Hinson et al., 2010; 
Raskovic et al., 2014). Cytochrome P450 2E1 (CYP2E1) that is highly expressed in liver has been 

reported to be the principal cytochrome P-450 gene involved in the conversion of acetaminophen to 

NAPQI (Manyike et al., 2000; Jing et al., 2015). The reactive metabolite binds covalently to 
cellular proteins, induce cellular and organelle oxidative stress (e.g. mitochondrial or endoplasmic 

reticulum stress), mitochondrial dysfunction, lipid peroxidation, formation of mitochondrial protein 

adducts, derangement of calcium homeostasis and either lead to lethal consequences like 

development of acute hepatic necrosis or activation of apoptosis (McGill et al., 2012; Yuan et al., 
2013; Iorga et al., 2017; Noureddin et al., 2018). The consequent damage to hepatic cellular 

membrane and subsequent leakage of hepatocellular enzymes into blood results in increased serum 

levels of hepatic cellular enzymes alanine aminotransferase (ALT), alkaline phosphatase (ALP), 
aspartate aminotransferase (AST) and hyperbilirubinemia due to failure of excretory function of the 

liver and blockage of biliary tract. (Thomas et al., 2012; Islam et al., 2021). 

The effective therapeutic interventions for liver disease are unduly scarce despite the 
momentous advances in modern medicine and molecular pathophysiology of hepatic diseases. 

Reports indicate that there are very few reliable liver protective safe drugs that stimulate liver 

function, protect it from damage and promote regeneration of hepatic cells. This shifted the focus to 

explore the plant-based traditional systems of medicine that were used for treatment of liver disease 
due to their safety, efficacy and cost effectiveness. The therapeutic potential of medicinal plants and 

their formulations in hepatoprotective activity can plausibly be attributed to the presence of free 

radical scavenging antioxidant phytomolecules notably the phenolic compounds (flavonoids and 
phenolic acids), nitrogen compounds (alkaloids, chlorophyll derivatives, amino acids and amines), 

lignans, carotenoids and terpenes. Studies have shown phytomolecules are capable of mitigating the 

role of free radicals in oxidative processes and lipid peroxidation in hepatotoxicity by virtue of their 
intrinsic ability to scavenge reactive oxygen species and augment glutathione activity at cellular 

level (Ganesan et al., 2017; Tungmunnithum et al., 2018). 

Garcinia gummi-gutta (L) Roxb. Syn. Garcinia cambogia, popularly known as Malabar 

tamarind/ Kudampuli and belonging to the family Cluisaceae, is a dicotyledonous medium-sized 
tree distributed widely in evergreen forest of southern and eastern India and Andaman Islands. A 

semi-domesticated crop in Kerala, the fruits of this tree are ovoid in shape with 6-8 seeds 

surrounded by a succulent aril. It flowers in summer season and the fruits ripen in rainy season 
(Raghavendra et al., 2017). The fruits are used in Ayurvedic medicine for the clinical management 

of aliments like haemorrhoids, diarrhea, rheumatism, etc. and also used as a flavor condiment and 

preservative for fish (Samarajeewa and Shanmugapirabu, 1983). Studies have shown that G. gummi-

gutta possesses hypolipidemic (Guillén-Enríquez et al., 2018), antioxidant (Barathane et al., 2020), 
immunomodulatory (Mahendran et al., 2001), anticancer (Mazzio and Soliman, 2009), antifungal 

(Dhanya et al., 2014), anti-inflammatory (Prasanth et al., 2013), anthelminthic (Mathew et al., 

2011) and antibacterial properties (Sumayya et al., 2016). Even though G. gummi-gutta (GGE) has 
many medicinal properties, reports on in vivo studies on hepatoprotective potential of its fruit rind 

on acetaminophen induced hepatotoxicity are scanty (Semwal et al., 2015). Considering the high 

incidence of acetaminophen-induced acute liver failure cases amid growing demand for novel 
hepatoprotective agents, the present study was aimed to evaluate the hepatoprotective of fruit rind 

extract of G. gummi-gutta on acetaminophen-induced toxicity in rats and elucidate the mechanism 

underlying the protective effect by assessing the expression level of CYP2E1 gene in rats.  
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MATERIALS AND METHODS 
 
 

Plant source and preparation of crude extract 

The fresh fruits of G. gummi-gutta were procured locally from Thrissur, Kerala (India) and its 

identity authenticated by National Institute of Science Communication & Information Resources, 

New Delhi, India. The fruit rinds were cut into small pieces, shade-dried and pulverized using an 
electrical pulverizer. The powdered material was extracted using Soxhlet apparatus with 95% 

ethanol. The ethanolic extracts were concentrated in a rotary vacuum evaporator (Equitron, 

Germany) under reduced pressure and temperature (55⁰C); and stored under refrigeration till further 

use. The yield of extract was 44% on dry matter basis. 
 

Chemicals, drugs and diagnostic kits 

All the chemicals used were of analytical grade. The chemicals were procured from Thermo 

Scientific and Sigma-Aldrich, USA, Merck and HiMedia, India. The reference drug Silymarin, used 

in this study, was purchased from Micro Labs Ltd, India. Diagnostic kits procured from Agappe 
Diagnostics Ltd, Ernakulam, Kerala were used for the estimation of serum ALT, AST and ALP.  
 

Acute toxicity studies 

Acute oral toxicity study was performed as per the guidelines of OECD (Test No. 423) for testing 

of chemicals (OECD, 2001). The 90-day old adult female Wistar rats (n = 3 for each test dose) 

weighing 150-200 g, were selected by random sampling technique. The animals were fasted 
overnight prior to the experiment and maintained under standard laboratory conditions. Afterwards 

the ethanolic extract of G. gummi-gutta fruit rind extract was given at a dose level of 500, 1000 and 

2000 mg kg-1 body weight (Ghosh, 1984; Babu et al., 2011). The rats were observed for 1 h 

continuously and then hourly for 4 h and finally after every 24 h up to 14 days for any physical 
signs of toxicity (writhing, gasping, palpitation and decreased respiratory rate) and mortality.  
 

In vivo evaluation of hepatoprotective activity  

Test animals: Forty-eight adult Wistar male rats (150-200 g), procured from Small Animal Breeding 

Station, Kerala Veterinary & Animal Sciences University, Thrissur, Kerala (India), were used in the 

study. The animals were housed in clean polypropylene cages in a well-ventilated temperature-

controlled room (22 ± 2oC) with relative humidity (44-55%) under 12 h light and dark cycles. An 
acclimatization period of 7 days was allowed before the commencement of experiment. The 

animals were provided with a standard rodent pellet diet and clean drinking water ad libitum. The 

animals were handled and used in accordance with the guidelines established by the Institutional 
Animal Ethical Committee constituted under the guidelines of Committee for the Purpose of 

Control and Supervision on Experiments on Animals (CPCSEA), Ministry of Environment, Forest 

and Climate Change, Government of India. The experimental procedure was approved by the 
Institutional Animal Ethical Committee (IAEC) of College of Veterinary and Animal Sciences, 

Mannuthy constituted as per CPCSEA guidelines.   
 

Experimental design: Animals were randomly divided into six groups of eight animals each. The 

group 1 served as normal control and received only the vehicle (distilled water at a dose rate of 10 
mg kg-1) orally throughout the duration of experiment. The group 2 served as hepatoxicity control 

and received distilled water for 7 days followed by a single dose of acetaminophen @ 2 g kg-1 on 8th 

day. The group 3, 4 and 5 received 50, 100 and 200 mg kg-1 of ethanolic fruit rind extract of G. 

gummi-gutta (GGE) dissolved in distilled water once daily for 7 consecutive days followed by a 
single dose of acetaminophen (2 g kg-1) on 8th day. A modified experimental procedure of Khatib et 

al. (2010) and Folarin et al. (2014) were adopted for the present study. The group 6 received 

standard drug silymarin (Tab. Silybon - 70 mg) @ 100 mg kg-1 day-1 orally, dissolved in distilled 
water once daily for 7 consecutive days followed by a single dose of acetaminophen @ 2 g kg-1 on 

8th day (Keshari et al., 2019; Sarkar et al., 2020). The animals were sacrificed 24 h after 
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acetaminophen administration by cervical dislocation. Blood was collected from retro-orbital plexus 
under anesthesia in sterile centrifuge tubes without anticoagulant. The serum was separated for 

carrying out different biochemical assays. Liver sections were kept in 10% formalin for histo-

pathological studies and in RNA later@ (Sigma-Aldrich, USA) at -80°C for assessing the expression 
level of CYP2E1 mRNA in hepatic cells by gene expression studies using real time (RT)-qPCR.  
 

Measurement of serum liver function biomarkers 

The collected blood was allowed to clot and serum was separated after centrifugation at 3200 rpm 
for 10 min. Serum was used for the estimation of biochemical parameters like serum total protein, 

serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and serum alkaline 

phosphatase (ALP) in semiautomatic blood analyzer (Hospitex, Italy) using diagnostic kits obtained 
from Agappe Diagnostics Ltd., India according to the instructions of the manufacturer.  
 

Histopathology 

The liver tissue was dissected out and representative tissue samples were fixed in 10% neutral 
buffered formalin (NBF). It was then dehydrated in ethanol (50-100%), cleared in xylene and 

embedded in paraffin.  The 4-5 µ sections were stained with haematoxylin and eosin (H& E) stains 

for photomicroscopic observations to study the histopathological changes. 
 

Real-time quantitative polymerase chain reaction (RT-qPCR) for CYP2E1 expression  

The expression of CYP2E1 gene was evaluated using real time relative quantitative polymerase 

chain reaction (RT-qPCR). Total RNA was isolated from the liver tissue of animal by using 
GenElute mammalian total RNA kit (Sigma-Aldrich, USA). Extracted RNA was quantified 

spectrophotometrically at 260/280 nm (NanoDrop™ 1000 spectrophotometer, Thermo Scientific, 

USA) and integrity was checked using 1.5% agarose gel electrophoresis. Total RNA (500 ng) was 
reverse-transcribed into complementary DNA (cDNA) using a High Revert Aid first strand cDNA 

synthesis kit (Thermo scientific, USA) as per manufacturer’s protocol. 

Quantitative real-time PCR (RT-qPCR) was performed using the Power SYBR Green PCR 

Master Mix reagent (Applied Biosystems, USA) in a final reaction volume of 20 μL as per the 
manufacturer’s instructions. The forward and reverse primer sequences for GAPDH (housekeeping 

gene) and CYP2E1 were designed using online “Primer3” primer design software (Primer3, 

http://bioinfo.ut.ee/primer3/). The specificity was checked using Primer3 and BLAST (http://www. 
ncbi.nlm.nih.gov/tools/primer-blast/). The primers used for rat CYP2E1 gene were sense 5’-

TGAAAAAGCCAAGGAACACC-3’ and antisense: 5’-TGTGCTGGTGGTCTCAGTTC-3’ (187 bp) 

and for the rat GAPDH gene were sense 5’-GTATCGGACGCCTGGTTAC-3’ and antisense :5’-
CTTGCCGTGGGTAGAGTCAT-3’ (128 bp). The reactions were performed using Step One 

Plus™ Real-Time PCR system (Applied Biosystems, USA) under the following conditions: for rat 

CYP2E1 gene one cycle of initial incubation 95°C for 3 min followed by 40 cycles of amplification 

cycle with initial denaturation at 95°C for 3 sec, annealing at 58.4°C for 30 sec and extension at 
72°C for 30 sec; and for rat GAPDH gene one cycle of initial incubation 95°C for 3 min followed by 

40 cycles of amplification cycle with initial denaturation at 95°C for 3 sec, annealing at 56.6°C for 

30 sec and extension at 72°C for 30 sec. Fluorescence signals were measured in each cycle.  The 
specificity of the products obtained was confirmed by analysis of the dissociation curves of the 

amplified product. Melting curves analysis was performed for each PCR reaction to ensure the 

purity/specificity of amplification product. The relative change in expression of CYP2E1 gene was 
analyzed by comparative CT (cycle threshold) method (Livak and Schmittgen, 2001) was expressed 

as ‘n’ fold change up/down regulation of the transcripted gene in relation to the untreated control 

group which were defined as 1.0. All assays were performed in triplicate.  
 

Data analysis 

The values expressed as mean ± standard error (SE) (n = 8). The statistical analysis was performed 

by one way analysis of variance followed by Duncan’s multiple range tests for comparison between 

the groups using IBM SPSS statistics, version 21.0 software program (SPSS Inc., USA). 

http://bioinfo.ut.ee/primer3/
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RESULTS AND DISCUSSION 
 
 

Drug-induced liver failure is considered an important health problem worldwide because its 
prevalence is increasing each year, so requiring the development of drugs that protects liver from 

adverse effects of drug over dosage (Kullak-Ublick et al., 2017). Despite the tremendous advances 

in modern medicine, an effective hepatoprotective drug with sufficient antioxidant properties that 
stimulate liver function protects from liver damage or boost hepatic regeneration are meagre. The 

present study assessed the hepatoprotective effect of ethanolic extract of G. gummi-gutta at 3 doses 

against hepatotoxicity induced by acetaminophen in Wistar albino rats along with the comparison 

of expression level of CYP2E1 gene in hepatocytes. In present study the ethanolic fruit rind extract 
of G. gummi-gutta fruit rind was subjected to acute toxicity test in Wistar albino rats and the 

animals were observed for 24 h. The fruit rind extract did not cause any mortality up to 2000 mg kg-1, 

and hence three doses (50, 100 and 200 mg kg-1, p.o) were selected for the present study. 
 

Effect of GGE on serum biochemical markers in acetaminophen intoxicated rats   

The estimation of enzymes in serum is a useful quantitative marker of the extent and type of 
hepatocellular damage. The hepatoprotective effect of ethanolic fruit rind extract of G. gummi-gutta 

on serum biochemical parameters in acetaminophen liver damage are summarized in Table I. Toxic 

dose of acetaminophen (2 g kg-1) in rats caused hepatic tissue damage and necrosis as evidenced by 

significant increase in serum liver enzymes (ALT, AST, ALP) and reduced level of tissue protein as 
compared to control animals (group 1). Conversely, the animals pretreated with GGE @ 50, 100 

and 200 mg kg-1 (group III, IV and V) exhibited significant decrease in serum AST, ALT, ALP 

levels and increased total protein levels as compared to the toxic control group (group II). The 
reason for depression of serum enzymatic level by GGE appears to be the presence of phyto- 

 

chemicals with antioxidant properties which on reacting with free radicals produced by 

acetaminophen toxic metabolism, moderate the depletion of glutathione, consequent hepatocyte 
membrane damage and ultimately protecting cells from free radical-induced damage (Abdel-Daim 

et al., 2018; Rehna et al., 2021). Pretreatment with the standard hepatoprotective drug-Silymarin 

(group VI) also decreased serum biochemical levels towards normalcy and the observed values 
were comparable to group V that was pretreated with fruit rind extract at a dose of 200 mg kg-1.  

The elevated serum levels of AST, ALT, and ALP are direct reflection of damage of liver, 

because they are released into circulation after hepatocellular damage owing to their cytoplasmic 
location (Sallie et al., 1991). The reactive species (NAPQI) produced by paracetamol overdose harm 

the hepatic cells by lipid peroxidation and thereby damage the cellular permeability resulting in 

higher serum levels of ALT, AST and ALP (Islam et al., 2021). In present study, acetaminophen 
treated group developed significant hepatic damage as observed through substantial increment in 

the concentration of liver serum markers (AST, ALT and ALP). Treatment with plant fruit rind 

extract reduced elevation in ALT, AST and ALP levels due to acetaminophen intoxication in group 

 

Table I: Effect of ethanolic extract of G. gummi-gutta fruit rind on serum biomarkers in the 

liver of acetaminophen intoxicated rats 

Treatment groups ALP (IU L-1) AST (IU L-1) ALT (IU L-1) 

GI  : Healthy control   94.88c ± 6.77 159.63d ± 4.28 55.50b ± 2.29 

GII : Hepatotoxic control 141.75a ±2.99 232.00a ±10.08 92.63a ± 1.87 
GIII : 50 mg kg-1 GGE 108.37b ±1.67 191.38b ± 2.21 62.38b ± 2.54 

GIV : 100 mg kg-1 GGE   97.25c ± 0.65 179.25bc ± 3.83 60.50b ± 2.68 
GV : 200 mg kg-1 GGE   93.63c ± 0.65 169.13cd ± 3.89 59.63b ± 2.90 

GVI : Silymarin   91.50c ± 1.30 167.13cd ± 4.56 60.13b ± 4.37 

Values are expressed as mean ± SD (n = 6), AST = Aspartate amino transferase, ALP = Alkaline 

phosphatase, ALT = Alanine amino transferase, Means bearing different superscripts in columns differ 

significantly (P< 0.001) as compared to the paracetamol group. 
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III, IV and V rats in a significant manner (P<0.001) when compared with the normal control and 
silymarin treated groups in a dose-dependent manner. This suggested protection of hepatocellular 

architecture, cellular membrane and thus reduced leakage of marker enzymes into the circulation. 

The attenuation of acetaminophen mediated-increase in hepatocellular enzymes highlight the 
protective ability of GGE against acetaminophen-mediated toxicity and hepatocellular damage, 

attributed to the presence of antioxidant phytocomponents and its ability to scavenge free radicals 

(Abushouk et al., 2018., Engwa, 2018).  

On day 10, the mean values of extract-treated groups were comparable to the normal control 
and silymarin treated groups which upholds the findings of Sarvankumar et al. (2014) who opined 

that silymarin and Vitex negundo bark extract significantly prevented the elevation of serum marker 

enzymes like AST, ALT and ALP with acetaminophen intoxication. In present study, AST and 
ALT activity in acetaminophen intoxicated groups was significantly high as compared to the other 

treated groups indicating the hepatic damage that correlates well with the previous scientific report 

of Abirami et al. (2015), Reddy et al. (2017) and Kokhdan et al. (2017). 

Treatment with plant extract (GGE) at 200 mg kg-1 reduced serum AST and ALT levels that 
was significantly (P<0.001) similar to the mean values of normal control and standard drug groups. 

This finding is in agreement with Lim et al. (2021) who reported hepatoprotective effect of aqueous 

extract of G. indica against acetaminophen-induced liver damage in rats. The tendency of these 
enzymes to return to normality in the extract-administered group is a clear manifestation of hepato-

protective effects of extract. Similar justifications of serum liver markers improvement by using 

different medicinal plants were previously reported (Singh et al., 2015; Janghel et al., 2019). 
In liver, ALP is located mostly within the biliary canaliculi and epithelial cells and forms 

primarily biomarkers of hepatobiliary functions and cholestasis. In present study, the observed 

mean serum ALP levels significantly (P<0.001) increased in acetaminophen group at the end of the 

experiment. The GGE treatment significantly reduced serum ALP levels when compared to the 
acetaminophen intoxicated group in a dose dependent manner. These results corroborate the findings 

of Smith and Adanlawo (2015), Okokon et al. (2017), Subramanya et al. (2018) and Nili-

Ahmadabadi et al. (2018) who opined that serum ALP levels were restored with the regeneration 
and improvement in the secretory mechanism of the hepatic cells.  
 

Effect of GGE on histopathology in acetaminophen-intoxicated rats  

Histopathological liver sections of rats from all the six experimental groups are shown in Fig. 1 
which provide supportive evidence to the results of biochemical analysis. The liver section in 

normal control animals (Fig. 1A) demonstrated considerable dose-dependent protective and healing 

effect on liver cells after the extract treatments on the pathological changes induced by 
acetaminophen intoxication and showed the presence of binucleated regenerating hepatocytes. The 

results were comparable to the group pretreated with standard drug, silymarin (G) section in normal 

control animals (Fig. 1A) showed normal hepatic cellular architecture with distinct hepatic cells 
and central vein whereas rats (group II, Fig. 1B, C) treated with toxic dose of acetaminophen (2 g 

kg-1) showed the total loss in liver architecture with the patterns of diffuse vacuolar degenerative 

changes, lymphocytic infiltration, centrilobular necrosis and sinusoidal congestion. The liver 

sections of the animals pretreated with GGE @ 50 mg kg-1 bw showed moderate hepatoprotection 
with severity of cellular damage being less in comparison to the toxic control group as evidenced 

by the presence of regenerating binucleated hepatocytes and reduced extent of centrilobular 

necrosis (Fig. 1D). However, there were mild hepatic lesions like mild portal congestion and 
inflammatory cell infiltration. Pretreatment with GGE extracts @ 100 and 200 mg kg-1 bw 

effectively ameliorated the acetaminophen induced liver damage (Fig. 1E, F) and the results were 

comparable to the group pretreated with standard drug silymarin (Fig. 1G). The liver sections 
showed lesser derangement of hepatocytes, indicating marked regeneration activity with an almost 

near normal liver architecture. 

The rats pretreated with plant extract effectively ameliorated the liver impairment induced by 
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Fig. 1: Photomicrographs of H&E stained liver tissues (40X 

magnification); A) Healthy control; B & C) Hepatotoxic 

control showing massive inflammation of liver cells, 

vacuolar degeneration and centrilobular necrosis; D) GGE 

extract of 50 mg kg-1; E) GGE extract of 100 mg kg-1; F) 

GGE extract of 200 mg kg-1; and G) Silymarin control; D-F 

demonstrated considerable dose-dependent protective and healing 

effect on liver cells after the extract treatments on the pathological 

changes induced by acetaminophen intoxication and showed the 

presence of binucleated regenerating hepatocytes. The results 

were comparable to the group pretreated with the standard drug, 

silymarin (G) 

 

acetaminophen in a dose dependent manner. This revealed the potential of plant extract in 
protecting the structural integrity of hepatocellular membrane and cellular architecture of liver cells 

from acetaminophen intoxication. Histopathological studies of liver tissues of negative control group 

showed normal cellular architecture with distinct hepatic cells, sinusoidal spaces and central vein; 
whereas the liver sections of acetaminophen-treated group showed extensive alterations in liver 

architecture with diffuse vacuolar degenerative changes, centrilobular necrosis, cellular infiltration 

of inflammatory cells and congestion. These observations are in agreement with Smith and 

Adanlawo (2015) who reported neutrophilic cellular infiltration, vacuolar degenerative changes, bile 
duct hyperplasia, and severe portal congestion in hepatic tissue of acetaminophen-intoxicated rats. 

Wang et al. (2017) and Ghobadi et al. (2019) also noticed severe centrilobular necrosis with nuclear 

disappearance in liver of acetaminophen-treated rats. 
The histopathological examination of liver of group III rats revealed moderate cellular 

damage as compared to the group II that was confirmed by the presence of regenerating binucleated 

hepatocytes and reduced extent of centrilobular necrosis. However, there were mild hepatic lesions 

like mild portal congestion, and inflammatory cell infiltration. There were no histological 
alterations in liver of group IV and V that received the extract @ 100 and 200 mg kg-1 bw indicating 
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Fig. 2: Effect of ethanolic extract of G. gummi-gutta fruit rind on changes in CYP2E1 relative 

mRNA expression in liver in paracetamol induced hepatotoxicity 
 

complete cellular protection against acetaminophen-induced hepatic injury. Group VI treated with 

reference drug silymarin showed almost normal histology of liver. This is in agreement with 

Mundugaru et al. (2014) who noticed complete hepatoprotection against the hepatic damage caused 

by acetaminophen in rats pretreated with fruit extract of G. pedunculata. Similar observations were 

reported by Deore et al. (2011) wherein aqueous and ethanolic extract of G. indica demonstrated 
protective activity against carbon tetrachloride induced liver damage by hepatic regeneration with 

almost complete normalization of architecture of hepatocytes. Histopathological evaluation of liver 

of rats pretreated with G. kola root extract showed marked hepatoprotection against acetaminophen 
intoxication as evident by the recovery of hepatocytes with mild diffuse vacuolar degeneration of 

hepatocytes (Smith and Adanlawo., 2015). 
 

CYP2E1 gene expression study  

CYP2E1 is the main cytochrome P-450 isoenzyme associated with the metabolic activation of 

acetaminophen to toxic metabolite NAPQI that, in turn, causes production of excessive reactive 

electrophiles and free radicals like reactive oxygen species. In present study the acetaminophen 
intoxication resulted in 2.2-fold increase in the expression of CYP2E1 gene as compared to the 

normal control (Fig. 2). Gene expression of CYP2E1 was significantly down-regulated in extract-

treated group in a dose dependent manner as compared to the control group. The rats treated with 
standard drug silymarin showed least expression profile (0.0045 ± 0.001) for CYP2E1 gene. 

The three families of cytochrome P450 (CYP450) isoforms, mainly involved in the 

biotransformation of xenobiotics, were CYP1, CYP2, and CYP3. Several studies have   depicted the 

imperative role of CYP2E1, CYP1A2 and intracellular GSH in acetaminophen-induced 
hepatotoxicity (Hinson et al., 2010). The increased CYP2E1 activity has a vital role in augmenting 

the oxidative stress. Studies with knockout mice model showed the involvement of CYP2E1 and 

CYP1A2 in the metabolism of acetaminophen (Gill et al., 2017). Thus, the agents with inhibitory 
effect on CYP2E1 activity show good therapeutic potential for alleviating the toxic effects of 

acetaminophen-induced liver impairment. 

In present study a significant upsurge in relative gene expression of CYP2E1 mRNA in 

acetaminophen intoxicated group was observed in comparison to the normal control group. These 
findings are in line with Yamaura et al. (2011), Chen et al. (2014) and Garcia et al. (2014) who 

observed elevation in CYP2E1 protein activity after the administration of toxic dose of 

acetaminophen. Ha et al. (2005) and Bohi et al. (2009) noticed remarkable increase in the 
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expression of CYP2E1 mRNA in hepatic cells due to the toxicity induced by carbon tetrachloride. 
In present study, a dose dependent down-regulation of CYP2E1 gene was noticed in extract treated 

groups in comparison to normal control animals. There is lack of information on the modulating 

effect of Garcinia species on the expression pattern of hepatic CYP2E1 gene in rats challenged with 
acetaminophen. The results also imply that hepatoprotective action by the ethanolic extract of G. 

gummi-gutta fruit rind against acetaminophen induced hepatotoxicity was due to the down 

regulation of CYP2E1 that might have resulted in reduced formation of toxic metabolite. 
 

Conclusion: The present study on the evaluation of hepatoprotective potential of ethanolic fruit 

rind extract of Malabar tamarind (G. gummi-gutta) in rats intoxicated with acetaminophen revealed 

that the ethanolic extract produced hepatoprotection in a dose dependent manner. A significant 
reduction in serum profile was also noted. Gene expression of CYP2E1 was significantly down- 

regulated in plant extract supplemented group in a dose-dependent manner. Histopathological 

studies showed the occurrence of numerous binucleated hepatocytes indicative of hepatic 

regeneration. The study revealed that the dried fruit rind extract of G. gummi-gutta has remarkable 
hepatoprotective effect, as pretreatment of extract protected the liver against acetaminophen-induced 

oxidative impairment and damage, alterations in serum profile and histopathology by down 

regulation of CYP2E1 expression. However, further research is needed to decipher the mechanisms 
of hepatoprotective effect of fruit rind of G. gummi-gutta by adopting methods for isolation and 

characterization of pharmacologically active bio-constituents from the crude extract, metabolomic 

research studies and molecular docking studies.  
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