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Abstract 

Chronic ethanol consumption leads to the development of liver disease. In the present study, the 
effects of Glochidion wallichianum Mull. Arg. ethanol extract (GWE) on chronic ethanol-induced liver 
injury in rats were evaluated. Total phenolic and flavonoid contents and in vitro antioxidant activities 
were determined. In the in vivo experiment, male Wistar rats were divided into 5 groups: Control, ethanol, 
ethanol plus low and high doses of GWE (ethanol+GWE300 and ethanol+GWE600, respectively) and 
GWE alone (GWE600). All treatments were administered orally for 28 days. Serum biochemical profiles, 
hepatic malondialdehyde (MDA) levels, antioxidant enzyme activities, cytochrome P450 2E1 (CYP2E1) 
expression, and liver histopathology were assessed. GWE contained high concentrations of total phenols 
and total flavonoids and exhibited inhibition of 2,2-diphenyl-1-picrylhydrazyl free radical. The GWE 
treatment significantly decreased alanine aminotransferase (ALT) levels, reduced hepatic MDA levels, 
increased catalase (CAT) activity, and improved histopathological alterations. However, compared with 
the control condition, GWE alone induced a low level of necrosis. The expression of the CYP2E1 mRNA 
was not different among the groups (p > 0.05). Based on these findings, GWE exerts a protective effect 
on ethanol-induced liver injury in rats through its antioxidant activity. 
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Introduction 
 

Alcoholic liver disease (ALD) is one of the most common causes of liver injury. The spectrum of 
ALD ranges from simple steatosis to alcoholic steatohepatitis, which eventually progresses to cirrhosis 
and, finally, to hepatocellular carcinoma [1]. Hepatic damage is mainly caused by acetaldehyde, a major 
toxic metabolite of alcohol metabolism in hepatic tissues by enzymes such as alcohol dehydrogenase and 
cytochrome P450 2E1 (CYP2E1) [1]. Acetaldehyde promotes adduct formation, impairing the functions 
of key proteins, including enzymes, and inducing DNA damage [2]. In addition, the oxidation of CYP2E1 
results in the increased production of reactive oxygen species (ROS) such as superoxide radicals, 
hydroxyl radicals, and hydrogen peroxide that react with cellular macromolecules, such as DNA, proteins, 
and lipids [3]. ROS inhibit or reduce endogenous enzymatic and nonenzymatic antioxidants and lead to 
oxidative stress [4]. Various enzymatic and nonenzymatic antioxidants are involved in the mechanism 
protecting cells from ROS.  

In recent years, many natural antioxidants have been reported to exert free radical scavenging and 
hepatoprotective effects that protect the liver from alcohol-induced injury [5-7]. Glochidion wallichianum 
Mull. Arg. (GW) is an indigenous vegetable belonging to the Phyllanthaceae family that is widely grown 
in southern Thailand. Young GW leaves are served with Thai fermented rice noodles and Thai curry 
dishes. The young leaves of this plant are rich sources of β-carotene, lutein, and polyphenols, particularly 
gallic acid [8]. GW has consistently been shown to display relatively high levels of free radical 
scavenging activity and reducing capacity in vitro [8-11]. However, the antioxidant activity of GWE has 
not been investigated in vivo. The objective of the present study was to evaluate the protective effects of 
GWE on ethanol-induced liver injury.  
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Materials and methods 

Preparation of the GW ethanol extract (GWE) 
GW was collected from Nakhon Si Thammarat, Thailand. After identification, a specimen (01517) 

was deposited at the Walailak Herbarium, Walailak University. The fresh young leaves were rinsed with 
distilled water and dried in the oven (UEF700, Memmert, Germany) at 45 °C for 2 days. The dried leaves 
were pulverized into a powder using a mechanical grinder (SM2,000, Retsch, Germany). The 500 g of 
powdered GW were extracted 3 times with 5 L of 95 % ethanol by maceration for 3 days at room 
temperature. The crude extract was filtered through Whatman no. 1 filter paper. The extracts were 
evaporated under reduced pressure using a rotary evaporator (R-210, Buchi, Switzerland). The crude 
extracts were weighed and stored at -20 °C until use. 

 
Determination of the total phenolic content 
The total phenolic content was determined using the Folin-Ciocalteu method [12]. Briefly, 200 µL 

of the GWE solution (0.2 mg/mL in 95 % ethanol) were mixed with 100 µL of the Folin-Ciocalteu 
reagent and 2 mL of 2 % Na2CO3. After incubation for 30 min at room temperature, the absorbance was 
measured at 750 nm using a spectrophotometer (UV-1,800, Shimadzu Scientific Instruments, Japan). 
Gallic acid was used as the standard for the calibration curve, and the results are reported as mg gallic 
acid equivalent/g dry weight (DW) of extract. 

 
Determination of the total flavonoid content 
The total flavonoid content was determined using a procedure described in the literature [13]. 

Briefly, 1 mL of the GWE solution (0.4 mg/mL in 95 % ethanol) was mixed with 1 mL of a 2 % AlCl3 
methanol solution. After incubation at room temperature for 15 min, the absorbance was measured at 430 
nm using a spectrophotometer (UV-1,800, Shimadzu Scientific Instruments, Japan). Rutin was used as the 
standard for the calibration curve, and the results are reported as mg rutin equivalent/g DW of extract. 

 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay 
The DPPH radical scavenging activity assay was performed using the method described in the 

literature [14], in which 100 µL of different concentrations of the extract were mixed with 100 µL of a 0.1 
mM DPPH ethanol solution. After incubation for 30 min in the dark at room temperature, the absorbance 
of the mixed solution was determined at 517 nm using a microplate spectrophotometer (Eon, BioTek 
Instruments, Inc., USA). Ascorbic acid was used as the positive control. DPPH radical scavenging 
activity was calculated using the following equation; 

 

DPPH scavenging effect (%) = 100
A1

A0A1
×





 −  

 
where A1 is the absorbance of the DPPH solution without sample and A0 is the absorbance of the sample 
at various concentrations with DPPH. The antioxidant activity was expressed as EC50 (µg/mL). 

 

Animal experiment 
Male Wistar rats weighing 200 - 280 g were purchased from Nomura Siam International Co., Ltd. 

(Thailand). They were housed under standard environmental conditions (room temperature, 23 ± 1 °C; 
relative humidity, 50 - 70 %; and 12-h light/dark cycle) and received food and water ad libitum. The 
animal study was approved by the Animal Ethics Committee of Walailak University (certificate no. 
004/2019). Thirty rats were randomly divided into 5 groups of 6 rats each. A rat model of ethanol-induced 
liver injury was established as previously described [15]. The dose of GWE used in this experiment was 
based on the dose of a plant (Phyllanthus amarus) form the Phyllanthaceae family reported in a previous 
study [16]. The control group received 4 % dimethyl sulfoxide and the GWE group received GWE [600 
mg/kg body weight (BW)]. The ethanol group was administered 50 % ethanol (v/v) at a dose of 5 g/kg 
BW. The ethanol+GWE300 and ethanol+GWE600 groups were treated with GWE at doses of 300 and 
600 mg/kg BW, respectively, after ethanol administration. All treatments were administered by oral 
gavage for 28 days. At the end of the experiment, the rats were anesthetized with thiopental sodium (50 
mg/kg BW) by intraperitoneal injection, and blood samples were collected for biochemical analyses using 
the cardiac puncture technique. The rats were sacrificed with an overdose of thiopental sodium (100 
mg/kg BW), and the livers were quickly removed. The left lobe of the liver was fixed with 10 % 
formaldehyde, and the remaining portion of the liver was stored at -80 °C until use. 



Trends Sci. 2022; 19(12): 4609   3 of 11 

 
Measurement of biochemical parameters in serum 
The blood samples were centrifuged at 2,000×g for 15 min, and sera were collected. The serum 

alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were measured by kinetic 
methods. All measurements were performed using ABX Pentra 400 reagents with an automated 
biochemistry analyzer (ABX Pentra 400, Horiba, France).  

 
Measurement of hepatic malondialdehyde (MDA) levels 
Hepatic MDA levels were determined using the procedure described in the literature [17]. Briefly, 

the liver tissues were homogenized in 1.15 % KCl and centrifuged at 1,600×g for 10 min at 4 °C to 
collect the supernatant. 200 microliters of each sample were mixed with 0.2 mL of 8.1 % sodium dodecyl 
sulfate, 1.5 mL of 20 % acetic acid (pH 3.5), and 1.5 mL of 0.8 % thiobarbituric acid. The mixture was 
heated at 95 °C for 1 h and then cooled in tap water. After centrifugation at 4,000×g for 10 min, the 
supernatant was collected and measured at 532 nm using a spectrophotometer (UV-1,800, Shimadzu 
Scientific Instruments, Japan). The hepatic MDA content was determined by comparison with a standard 
MDA curve and reported as nmol/mg protein. 

 
Determination of superoxide dismutase (SOD) activity 
Liver tissues were homogenized in ice-cold 0.1 M Tris/HCl, pH 7.4, containing 0.5 % Triton X-100, 

5 mM β-ME, and 0.1 mg/mL PMSF and centrifuged at 14,000×g for 5 min at 4 °C to collect the 
supernatant. SOD activity was measured using a commercial detection kit (Biovision, USA). SOD 
analysis was performed based on the ability of SOD to inhibit the reduction of a water-soluble tetrazolium 
salt (WST-1) to a formazan dye by the xanthine oxidase/xanthine reaction. The results are reported as the 
inhibition rate (%). 

 
Determination of catalase (CAT) activity 
CAT activity was determined using a previously reported procedure [18]. Briefly, liver tissues were 

homogenized in ice-cold 50 mM potassium phosphate, pH 7.0, containing 1 mM EDTA and were 
centrifuged at 10,000×g for 15 min at 4 °C to collect the supernatant. The 30 µL of each sample was 
added to 300 µL of 100 mM H2O2 and immediately mixed by inversion.  The initial absorbance and that 
at 1 min after the first reading were recorded at 240 nm using a spectrophotometer (UV-1,800, Shimadzu 
Scientific Instruments, Japan). CAT activity was reported as U/mg protein. 

 
Quantitative real-time polymerase chain reaction (qRT-PCR) analysis of CYP2E1 expression 
Total RNA was extracted from liver tissues using GENEzolTM reagent (Geneaid, Taiwan) and 

reverse transcribed into cDNAs using the FIREScript RT cDNA Synthesis Kit (Solis BioDyne, Estonia). 
Aliquots of cDNAs were amplified using primers for CYP2E1 (sense, 
5’TGTCAAGGAGGTGCTACTGA 3’ and antisense, 5’CGCAGCCAATCAGAAATGTG 3’) and β-
Actin (sense, 5’ GACCTCTATGCCAACACAGT 3’ and antisense, 
5’GGTGTAAAACGCAGCTCAGTA 3’). qRT-PCR was performed using 5X HOT FIREPol® 
EvaGreen® qPCR Mix Plus (ROX) (Solis BioDyne, Estonia) with a QuantStudioTM 3 Real-Time PCR 
System (Applied Biosystems, USA). The qRT-PCR conditions were as follows: 1 cycle at 95 °C for 12 
min to activate the enzyme and 40 cycles of denaturation at 95 °C for 15 s, annealing at 61 °C for 20 s, 
and extension at 72 °C for 20 s. β-Actin served as endogenous control to normalize the target gene 
expression levels. The results are reported as the ratio of the target gene to the control gene determined 
using the 2-ΔΔCt method. 

 
Histopathological analysis 
The liver tissues were fixed with 10 % neutral buffered formalin and embedded in paraffin. The 

tissue paraffin blocks were sliced into 5-µm-thick sections using a manual rotary microtome (RM2235, 
Leica Biosystems, Germany). The sections were stained with hematoxylin-eosin (H&E). Histological 
changes were examined in a blinded manner under a light microscope as described in the literature [19].  
Briefly, steatosis was scored using the following scale based on the percentage of parenchymal cells 
containing lipids (micro-or macrosteatosis): < 25 % = 1; 25 to 50 % = 2; 50 to 75 % = 3; and < 75 % = 4. 
Hepatic inflammation was evaluated using the following scale: No inflammation =1; occasional foci of 
inflammatory cells = 2; frequently occurring small foci of inflammatory cells = 3; and frequently 
occurring large foci of inflammatory cells = 4. Necrosis was assessed using the following scale: 
Occasional (< 1 %) necrotic hepatocytes = 1; frequent (5 - 10 %) necrotic hepatocytes = 2; small foci of 
necrotic cells (clusters of > 10 necrotic cells) = 3; and extensive areas of necrosis ( > 25 % of the lobular 
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unit) = 4. The total score was calculated by adding the scores for steatosis, inflammation, and necrosis. 
Therefore, the total pathology score for a normal liver was equal to 3. 

 
Statistical analysis 
Data are presented as means ± standard deviations (SD). Data were analyzed using parametric tests 

and one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Kruskal-Wallis tests were 
conducted if the data had a non-normal distribution or homogeneity of variance. A p-value < 0.05 was 
considered significant.  
 
Results and discussion 

Total phenolic and flavonoid contents and in vitro antioxidant activity 
The total phenolic content of GWE was calculated using a linear equation for gallic acid standard                        

(y = 0.0084x+0.0176; R2 = 0.9996) (Figure 1), and the total flavonoid content of GWE was calculated 
using a linear equation for the rutin standard (y = 0.0073x+0.0026; R2 = 0.999) (Figure 2). Using the 
equations obtained from the calibration curves, the total phenolic content and total flavonoid content of 
GWE were 373.93 ± 18.67 mg gallic acid equivalent/g DW and 73.03 ± 0.55 mg rutin equivalent/g DW, 
respectively.  

 
 

 
Figure 1 Gallic acid standard calibration curve for the quantification of the total phenolic content. 
 
 

 
Figure 2 Rutin standard calibration curve for the quantification of the total flavonoid content. 
 
 

The percentages of the DPPH radical-scavenging activity at different concentrations of GWE and 
ascorbic acid are shown in Figure 3. The half-maximal effective concentration (EC50) of GWE was 8.32 
± 0.19 µg/mL, and the value of ascorbic acid was 7.01 ± 0.16 µg/mL. 
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Figure 3 DPPH radical - scavenging activities of GWE and ascorbic acid. Each value represents the mean 
± SD (n = 3). 
 
 

Effect of GWE on serum ALT and AST levels 
Compared with the control condition, ethanol induced an increase in the serum ALT level (p < 

0.05). Treatment with 600 mg/kg BW GWE reversed the increase in ALT levels induced by the ethanol 
treatment (p < 0.05). The administration of 600 mg/kg BW GWE alone did not produce any significant 
change in the serum ALT level. A statistically significant difference in serum AST levels was not 
observed between the groups (Table 1). 

 
 

Table 1 Effect of GWE on serum ALT and AST levels in different experimental groups of rats. 
 

Group ALT (U/L) AST (U/L) 
Control 35.33 ± 2.87 90.33 ± 9.66 
Ethanol 46.00 ± 5.14a 91.66 ± 11.99 

Ethanol+GWE300 40.00 ± 8.96 82.00 ± 8.00 
Ethanol+GWE600 37.66 ± 3.07b 80.83 ± 15.54 

GWE600 35.50 ± 5.08b 75.83 ± 12.05 
Values are presented as means ± SD (n = 6). Means in the same column with different superscript letters 
are significantly different (p < 0.05). a Compared with the control group; b compared with the ethanol 
group. 
 
 

Effect of GWE on the hepatic MDA levels 
MDA is the end product of lipid peroxidation by ROS and directly induces liver injury. As shown in 

Figure 4, MDA levels were significantly increased in the ethanol group compared with the control group 
(p < 0.05). The MDA levels of the GWE600 group did not differ from the control group. Treatment with 
300 and 600 mg/kg BW GWE significantly reduced the increase in MDA levels induced by the ethanol 
treatment (p < 0.05). 

 
 

 
Figure 4 Levels of hepatic MDA in different experimental groups of rats. Values are expressed as the 
mean ± SD (n = 6). Different superscript letters are significantly different (p < 0.05). a Versus the control 
group, b versus the ethanol group. 
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Effect of GWE on hepatic antioxidant enzyme activities 
A significant decrease in CAT activity was observed in the ethanol group compared to the control 

and GWE600 groups (p < 0.05). Treatment with 300 mg/kg BW GWE increased CAT activity (p < 0.05) 
(Figure 5A). A statistically significant difference in SOD activity was not observed between groups 
(Figure 5B). 

 
 

 
Figure 5 Effect of GWE on CAT activity (A) and SOD activity (B) in different experimental groups of 
rats. Values are expressed as the mean ± SD (n = 6). Different superscript letters are significantly 
different (p < 0.05). a Versus the control group, b versus the ethanol group. 

 
 
Effect of GWE on CYP2E1 mRNA expression 
The expression of the CYP2E1 mRNA in the liver determined using qRT-PCR is shown in Figure 

6. The expression of the CYP2E1 mRNA in the liver of the ethanol group was not different from the 
expression observed in the control group (p > 0.05). Compared with the ethanol treatment alone, the 
GWE treatment (300 or 600 mg/kg BW) did not exert a statistically significant effect on the hepatic 
expression of the CYP2E1 mRNA. In addition, the expression of the CYP2E1 mRNA was not altered 
after treatment with GW600 alone. 
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Figure 6 Relative mRNA expression levels of CYP2E1 in different experimental groups of rats (n = 5). 
 
 

Effect of GWE on liver histopathology 
The H&E stained liver sections from the control group showed a normal morphology of hepatocytes 

with acidophilic cytoplasm and a normal structure of hepatic sinusoids (Figure 7A). In contrast, the liver 
sections from the ethanol group revealed a marked loss of the normal liver arrangement with a 
predominance of microvesicular steatosis, cytoplasmic vacuolation and hepatocyte degeneration (Figure 
7B). The liver sections from the ethanol+GWE300 and ethanol+GWE600 groups showed improvements 
in hepatic steatosis and necrosis (Figure 7C and D). However, the liver sections from the GWE600 group 
showed a slightly vacuolated cytoplasm and slight necrosis (Figure 7E). 

 
 

 
Figure 7 H&E staining of liver tissues; A) tissues from the control group exhibited a normal histological 
appearance of polygonal hepatocytes, H) radiating from the central vein with rounded vesicular nuclei 
and acidophilic cytoplasm. Narrow radiating blood sinusoids (s) were observed between liver cords. B) 
marked microvesicular steatosis, cytoplasmic vacuolation and hepatocyte degeneration were observed in 
the ethanol group. C) and D) after the GWE treatment (300 and 600 mg/kg BW, respectively), liver 
histopathology improved. E) the GWE600 group presented mild cytoplasmic vacuolation and slight 
necrosis. All images were captured at 400×magnification. Bar = 20 μm. H: Hepatocytes; S: Sinusoids; 
Black arrow: Microvesicular steatosis; Black asterisk: Necrosis. 
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The results of semiquantitative analysis of histopathological changes in the liver tissues are shown 

in Table 2. The total pathology scores of the ethanol, ethanol+GWE600 and GWE600 groups were 
significantly higher than the control group (p < 0.05). Interestingly, the mean steatosis, necrosis and total 
pathology scores were significantly decreased in the ethanol+GWE300 group compared with the ethanol 
group. 

 
 

Table 2 Summary of the liver pathology scores in different experimental groups of rats. 
 

Group Steatosis Inflammation Necrosis Total pathology 
Control 1.00 ± 0.00 1.00 ± 0.00 1.28 ± 0.08 3.28 ± 0.08 
Ethanol 1.20 ± 0.11a 1.00 ± 0.00 2.68 ± 0.59a 4.88 ± 0.58a 

Ethanol+GWE300 1.00 ± 0.00b 1.00 ± 0.00 1.15 ± 0.23b 3.15 ± 0.23b 

Ethanol+GWE600 1.08 ± 0.20 1.00 ± 0.00 1.87 ± 0.45ac 3.95 ± 0.56ac 

GWE600 1.00 ± 0.00 1.00 ± 0.00 2.53 ± 0.41ac 4.53 ± 0.41ac 

Values are expressed as the mean ± SD (n = 6). Different superscript letters are significantly different (p 
< 0.05). a Versus the control group, b versus the ethanol group, c versus the ethanol+GWE300 group. 

 
 
Discussion 
Alcohol-induced liver injury contributes to the pathogenesis of ALD, which ranges from fatty liver 

(steatosis) to alcoholic hepatitis, fibrosis, and cirrhosis. In the present study, a rat model that was 
chronically administered alcohol was established to simulate the early stage of ALD (fatty degeneration 
and necrosis). As shown in the present study, GWE ameliorates chronic ethanol-induced liver injury. 
ALT and AST are the enzymes that catalyze the transfer of an amino group from an amino acid to α-
ketoglutarate and are mainly localized in the cytosol of hepatocytes. When the liver injury occurs, cell 
membrane permeability increases and causes a significant increase in serum ALT and AST levels [20]. 
Therefore, serum ALT and AST levels are biochemical markers of liver injury and potentially indicate 
early ALD [5,21]. Ethanol metabolism generates ROS which, react with different cellular components, 
causing the oxidation of lipids and proteins and DNA damage and finally leading to cell death [22].  In 
the present study, the serum ALT level increased significantly in ethanol-fed rats, indicating 
hepatocellular damage. Furthermore, chronic ethanol-induced liver injury was further confirmed by 
histopathological changes in the liver. The GWE treatment markedly decreased the ethanol-induced 
increase in the ALT level and ameliorated hepatocyte steatosis and necrosis. Our model of ALD, which 
included 4 weeks of ethanol administration (5 g/kg BW), showed mild liver injury, and thus, a further 
study should be conducted with a higher dose of ethanol and long-term ethanol treatment for more severe 
liver damage [23,24].  

Several factors and mechanisms are associated with the pathological progression of ethanol-induced 
liver injury. Ethanol-induced oxidative stress plays a key role in the development of ALD. Ethanol-
mediated oxidation in the liver produces many ROS, such as hydroxyl radicals, superoxide radicals, and 
hydrogen peroxide, leading to an imbalance between oxidants and antioxidant defenses that cause 
oxidative stress [3]. Prolonged ethanol exposure may result in the excess production of ROS, leading to 
protein, DNA, and lipid damage that induce necrotic and apoptotic cell death [3,25]. A number of 
experimental studies have confirmed that ethanol intake increases the formation of lipid peroxidation 
products, such as MDA, a biomarker of oxidative stress [6,15,21,25]. In our study, increased MDA levels 
and pathological liver injury were observed in rats after chronic ethanol administration. Treatment with 
300 or 600 mg/kg BW GWE reduced MDA levels to a normal level. 

SOD and CAT activities were examined in this study to delineate the mechanisms underlying the 
protective effect of GWE on rats. SOD and CAT provide the first line of defense against ROS. SOD 
converts superoxide to hydrogen peroxide, and then CAT catalyzes the metabolism of hydrogen peroxide 
into water and oxygen. Chronic ethanol exposure results in the overproduction of ROS and significantly 
decreases both SOD and CAT activities in rodent models [26-28]. In the present study, the ethanol 
treatment significantly decreased CAT activity but did not alter SOD activity. A potential explanation for 
this finding is the effect of the duration and amount of ethanol consumption on the severity of the liver 
injury. High doses of ethanol and long-term treatment are associated with increased lipid peroxidation, 
impaired antioxidant enzyme activities, and severe pathology of the liver [26-28]. Our model showed 
mild histopathological changes in both steatosis and necrosis in the liver. Therefore, hepatic SOD activity 
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did not change in the early stage of ethanol-induced liver injury. This result is also consistent with the 
results from previous studies [29,30]. Treatment with GWE restored CAT activity to a level similar to the 
CAT activity of the control group, indicating amelioration of the changes induced by oxidative stress and 
improvements in antioxidant enzyme activities in the liver. 

CYP2E1 has been reported to be a major contributor to oxidative stress and the induction of liver 
injury. Acute and chronic ethanol ingestion increases the expression and activity of CYP2E1, which 
converts ethanol to acetaldehyde and induces ROS production [5,7,31,32]. In the present study, the rats in 
the ethanol group did not exhibit increased hepatic expression of the CYP2E1 mRNA compared to the 
rats in the control group. This result may be attributed to the blood ethanol level and ethanol treatment 
duration. In this study, 4 weeks of ethanol administration (5 g/kg BW) may not have increased blood 
alcohol levels to a sufficient extent to induce hepatic CYP2E1 expression. In contrast, treatment with the 
Lieber-DeCarli liquid diet for 5 weeks upregulated hepatic CYP2E1 expression [33]. In that study, the 
daily intake of ethanol in rats reached 12 - 18 g/kg BW, which was 3 times higher than the intake 
achieved in our model [34]. Another possible explanation is the duration and amount of alcohol intake. 
Chronic ethanol exposure (4 - 10 weeks) increases the expression of CYP2E1 [31,32]. Therefore, in the 
present study, a 4 - week ethanol gavage model was adopted. 

Previous studies have reported that GW contains phenolic compounds, particularly gallic acid, 
epicatechin gallate, and apigenin [8,35]. The dose of GWE was based on that of P. amarus from the 
Phyllanthaceae family [16], and the major compounds of P. amarus are phyllanthin, hypophyllanthin, 
corilagin, geraniin, ellagic acid, and gallic acid [16,36]. Ethanol extracts of P. amarus and GW contain 
high quantities of gallic acid [16,35].  

In the present study, the analyzed GWE had high phenol and flavonoid contents and exerted a 
strong radical-scavenging effect, suggesting that phenolic compounds are the main components 
responsible for the antioxidant activity of GWE. This finding was consistent with previous studies 
showing that GW had the highest antioxidant capacity among southern Thai indigenous vegetables [11]. 
Our study is the first report of the in vivo antioxidant activity of GWE. GWE ameliorates ethanol-induced 
liver injury. The protective effect of GWE may be attributed to the presence of phenolic compounds, 
particularly gallic acid and flavonoids. Phenolic compounds act as electron donors, reducing the oxidized 
intermediates of lipid peroxidation, scavenging free superoxide radicals, and improving antioxidant 
enzyme function [37]. Based on our results, the GWE treatment attenuated oxidative stress and related 
damage by increasing the endogenous antioxidant enzyme activity.  

Additionally, the hepatoprotective activity of GWE was more potent at the 300 mg/kg BW dose 
than at the 600 mg/kg BW dose. Treatment with GWE (300 mg/kg BW) improved the necrosis score 
compared with that obtained with the high dose of GWE (600 mg/kg BW). Moreover, treatment with 
GWE alone resulted in a low level of necrosis but did not increase the serum aminotransferase levels. 
Thus, GWE alone might be toxic to the liver. Although the young leaves of GW are excellent sources of 
antioxidant polyphenols, plant extracts containing concentrated amounts of phytochemicals might be 
toxic at high doses. Further studies are needed to investigate the toxicity of GW, ensure its safety, identify 
the active components in GWE, and explore the mechanism of action. 
 
Conclusions 

In the present study, the protective effects of GWE on ethanol-induced liver injury were reported for 
the first time. The protective effects of GWE may be attributed to its ability to reduce the increase in 
hepatic ALT and MDA levels, increase CAT activity and ameliorate histopathological changes. This 
potential protective mechanism may be associated with increased radical scavenging and antioxidant 
activities. GWE alone may be hepatotoxic at a high dose; hence, caution should be exercised when 
choosing a dose for the management of liver injury. 
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