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The present study is aimed to evaluate the antioxidant and hepatoprotective properties of selected methanolic 
fractions of Polyalthia longifolia (Sonn.) Thwaite seeds in ethanol-induced oxidative stress in rats. Initially, 
methanolic extract of Polyalthia longifolia seeds was fractionated using column chromatography. The 
preliminary antioxidant screening of these fractions identified two main bioactive fractions (F3 and F5), 
which were found to have significant radical scavenging and metal ion chelation properties compared with 
ascorbic acid. Based on the antioxidant profile, F3 and F5 were evaluated for hepatoprotective activity in 
ethanol-intoxicated rats. The Wistar rats were grouped (n=6) and treated with F3 and F5 (200 and 400 
mg/kg), ethanol (5 g/kg, 20 % w/v) and silymarin (100 mg/kg) orally for 28 d. The outcomes of the study 
found that chronic administration of ethanol significantly (p<0.0001) altered the liver parameters and 
oxidative stress markers (malondialdehyde, superoxide dismutase and catalase). The co-administration 
of F5 prominently ameliorated the oxidative stress induced by ethanol compared to F3. Histopathological 
studies further supported the significant protective action of F5. The present study demonstrates that the 
Polyalthia longifolia seeds possess significant antioxidant properties by augmenting the magnitude of the 
antioxidant enzymes superoxide dismutase and catalase and further reducing malondialdehyde levels.
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The liver is the major organ of the body, which plays 
an essential role in the metabolism of carbohydrates, 
proteins and lipids. It is the major site for the 
detoxification of various toxic substances[1]. The 
alteration in the liver’s normal functioning led to 
abnormal metabolism and decreased the elimination of 
toxic metabolites that alters the homeostasis. The main 
factors causing liver damage are disorders/diseases, 
drugs, chronic alcoholism and various poisonous 
substances[2].

Day by day, alcohol consumption is increasing in all 
countries across the world. According to the World 
Health Organization, 3.3 million deaths related to 
chronic alcoholism have been recorded every year 
globally[3]. Generally, 80 % of consumed alcohol is 
metabolized by cytochrome P450 enzyme resulting 
in the generation of the toxic metabolite named 
acetaldehyde. The accumulated acetaldehyde leads 
to the production of Reactive Oxygen Species (ROS) 
free radicals, which ultimately culminates in oxidative 
stress and tissue inflammation[3,4].

The exact mechanism of alcohol-induced hepatotoxicity 
is complicated and unclear. But, it is proposed by 
few researchers that the metabolites of alcohol alters 
the Nicotinamide Adenine Dinucleotide (NAD)/beta 
(β)-Nicotinamide Adenine Dinucleotide 3-Phosphate 
(NADPH) ratio[5], increased generation of ROS, 
damaging the Deoxyribonucleic Acid (DNA), proteins 
and mitochondrial respiratory chain[6], oxidation of 
lipids, activation of kupffer cells and metabolism 
of iron[7]. Hence, there is a need to search for multi-
targeted therapy against alcohol-induced intoxication.

A tall evergreen plant Polyalthia longifolia (Sonn.) 
Thwaites (P. longifolia) (family: Annonaceae) is widely 
distributed in India and Srilanka[8]. In the folklore, 
Polyalthia has been used in the treatment of rheumatism 
and febrile reaction[9]. The chemical examination of P. 
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longifolia reported to have alkaloids and diterpenoids 
as major constituents[10].

The biological investigation on various parts of 
this plant was found to have antimicrobial[11], 
antioxidant[12], cytotoxic[13], anti-inflammation[14], 
antihyperglycemic[15], hypotensive[16] and anti-ulcer 
activities[17]. In addition, three groups have tested 
the hepatotoxicity of methanolic extracts of leaves 
of P. longifolia using different inducing agents such 
as diclofenac sodium[15], paracetamol[18] and carbon 
tetrachloride[19]. These studies justify that methanolic 
extracts of P. longifolia have potent hepatoprotective 
activity in both in vitro and in vivo models. The 
preliminary studies on P. longifolia seed extracts also 
proven that methanolic extract possess good antioxidant 
properties[12]. Taken together, the present study aimed to 
evaluate the antioxidant and hepatoprotective activities 
of bioactive fractions of methanol extract of P. longifolia 
seeds against chronic ethanol-induced intoxication in 
Wistar albino rats.

MATERIALS AND METHODS

Chemicals:

1,1-Diphenyl-2-Picrylhydrazyl (DPPH), NADPH, 
Silymarin, 2-Thiobarbituric Acid (TBA), Nitro Blue 
Tetrazolium (NBT), phenazine methosulphate, sodium 
dodecyl sulfate were purchased from Sigma Aldrich 
Co., St. Louis, Missouri, United States of America 
(USA). Hydrogen peroxide, ethanol and acetic acid 
were purchased from Fisher Scientific, Mumbai, India. 
All other chemicals used in the study were of analytical 
grade and were obtained commercially.

Plant material:

The seeds of P. longifolia were collected from Tirumala 
hills, Andhra Pradesh, India, in August 2018. The 
material was authenticated by the Faculty of Botany, 
Sri Venkateswara University (SVU), Andhra Pradesh, 
India and a voucher specimen (No. 782) was deposited 
in the herbarium of SVU.

Extraction and fractionation:

The shade dried seeds of P. longifolia were ground 
into a coarse powder using an electrical blender. By 
hot continuous percolation technique[20], the powdered 
material (1 kg) was extracted with methanol for 48 h 
using a Soxhlet apparatus[21]. The obtained solvent 
mixture was concentrated under reduced pressure 
using Rotavapor (Buchi R-210 Rotavapor, Marshall 
Scientific, USA) yielded methanolic extract of seeds 

of P. longifolia (PLS, 45 g, 4.5 % w/w) as dark black 
solid. Using column chromatography of mesh size 100-
200, PLS (20 g) was fractionated[22] using a hexane/
ethyl acetate solvent system (step gradient flow from 
100:0, 95:5, 90:10, …, 5:95, 0:100), which yielded five 
fractions (F1 (6 g), F2 (5 g), F3 (3 g), F4 (4 g) and 
F5 (2 g)). These fractions were subjected to antioxidant 
activity[23,24] (as per the procedure mentioned below) 
and noticed that only two of them, namely F3 (3 g) and 
F5 (2 g), were biologically more active (Table 1).

TABLE 1: PRIMARY SCREENING OF ANTIOXIDANT 
ACTIVITY OF PLS AND ITS FRACTIONS

Sample
Percentage inhibition (%) at 1 mg/ml*

DPPH radicals Ferric ions

Ascorbic acid 92.61±3.25 90.06±6.24

PLS 81.71±3.10 68.58±1.82

F1 2.19±0.30 2.73±0.57

F2 0.69±0.10 1.31±0.12

F3 66.65±6.90 80.53±5.88

F4 18.85±2.81 22.13±2.19

F5 71.22±5.19 82.19±7.23

Note: *Mean±Standard Deviation (SD) (n=3)

In vitro antioxidant activity:

Evaluation of DPPH radical scavenging activity: 
By employing the DPPH (Sigma Aldrich Co., USA) 
assay[23,24] in triplicate, the F1-5 and PLS were evaluated 
for antioxidant activity. To the known concentrations 
of F1-5 and PLS, added 0.004 % DPPH and incubated 
for 30 min at 37. Later, absorbance was measured 
at 517 nm against the blank. Ascorbic acid was used 
as a standard drug. The percentage (%) of inhibition 
was calculated by the following equation and the half 
maximal Inhibitory Concentration (IC50) values were 
calculated via logistic regression analysis[25].

% inhibition =A0-A1/A0100

Evaluation of ferric ion reducing power assay: The 
ferric ion reducing power assay was determined in 
triplicate by the modified method of Haritha et al.[26]. 
To 2.5 ml of potassium ferricyanide added various 
concentrations of F1-5 and PLS and incubated at 50 
for 20 min. To it, 0.5 ml of ferric chloride (0.1 %) 
and 2.5 ml trichloroacetic acid (10 %) were added, 
and the absorbance was noted at 700 nm. Ascorbic 
acid was used as a standard drug. The percentage of 
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inhibition was calculated by the following equation and 
the IC50 values were calculated via logistic regression 
analysis[25].

% inhibition =A0-A1/A0100

Total phenol and flavonoid contents: 

The total flavonoid and phenolic content of the extract 
were evaluated by using aluminum chloride[27] and 
Folin-Ciocalteu reagent[28], respectively. The total 
flavonoid and phenolic content of the F3 and F5 (1 mg/
ml) were expressed as rutin and gallic acid equivalent, 
respectively.

Animals:

Adult Wistar albino rats (weighing 190±10 g, age 6-8 w) 
of either sex were used in this study. The animals were 
given food and water ad libitum and were housed in the 
Animal House of the Andhra University of Pharmacy 
under the standard condition with a temperature of 
25±2, the relative humidity (50 %±10 %), and a 12 
h light/12 h dark cycle. This study was approved by 
the Institutional Animal Ethics Committee (Code: 516/
PO/c/01/IAEC). 

Acute toxicity studies:

The Organisation for Economic Co-operation and 
Development (OECD) main test 420 was utilized for 
acute toxicity studies. Rats were randomly divided into 
two groups (five males and five females) and dosed 
with 2000 mg/kg body weight (b.w) of PLS suspended 
in gum acacia and Tween-80. The test animals have 
undergone fasting overnight before administering the 
PLS using oral gavage. The testing was ended until the 
last three animals survived the upper bound dose and all 
of the test animals were observed up to 14 d[29,30].

Experimental protocol:

At the beginning of the experiment, rats were randomly 
divided into seven groups (six rats in each group). In 
group 1 (normal control), rats were administered orally 
with only 0.2 ml of the vehicle for 28 d. In group 2 
(toxic control), rats were dosed orally with ethanol (5 
g/kg, 20 % w/v) for 28 d. In group 3 (standard), rats 
were received 100 mg/kg b.w of silymarin and ethanol 
(5 g/kg, 20 % w/v) orally for 28 d. Rats in groups 4 and 
5 received 200 mg/kg b.w (as a low dose) and 400 mg/
kg b.w (as a high dose) of F3 and ethanol (5 g/kg, 20 % 
w/v), respectively, orally for 28 d. Rats in groups 6 and 
7 received 200 mg/kg b.w (as a low dose) and 400 mg/
kg b.w (as a high dose) of F5 and ethanol (5 g/kg, 20 % 

w/v), respectively, orally for 28 d. 

Collection of serum samples:

The blood samples were obtained from the portal vein, 
0.5 ml of blood samples were transferred into laboratory 
tubes containing pre-autoclaved nutrient broth medium 
(Sigma-Aldrich, Germany) and put in an incubator at 
37°. The remaining blood samples decanted gently 
into collection plastic tubes, centrifuged at 4000 rpm 
for 5 min. Then serum was obtained, aliquoted into 
microtubes and stored at -80° for biochemical analysis.

Tissue homogenization:

At the end of the study, by cervical dislocation, all the 
rats were sacrificed. The livers were removed, weigh 
up and washed thoroughly. Some portion of tissue was 
stored immediately in buffered formalin (10 %) for 
histopathological studies and the remaining tissue was 
processed. In 0.05 M of ice-cold phosphate buffer saline 
(pH 7), the tissue was minced into small pieces and 
homogenized with a homogenizer (Remi Homogenizer, 
Mumbai, India) to obtain 10 % whole homogenate. To 
the homogenate, an equal volume of trichloroacetic 
acid (10 %) was mixed and centrifuged (Sigma-3-30 
KS, USA) for 10 min at 5000 rpm. 

Assessment of oxidative stress parameters: 

The above-obtained supernatant was subjected to 
estimate the oxidative stress parameters, namely 
Malondialdehyde (MDA) levels[31], Superoxide 
Dismutase (SOD) levels[32] and Catalase (CAT) 
activity[33] using the established procedure.

Assessment of serum biochemical parameters:

The serum biochemical parameters such as Alkaline 
Phosphatase (ALP)[34], Serum Glutamic Pyruvate 
Transaminase (SGPT)[35], bilirubin[36] and Serum 
Glutamic Oxaloacetate Transaminase (SGOT)[35] were 
estimated as per the standard method described in the 
Excel kit leaflet (Excel Pvt. Ltd., India).

Histopathological studies:

The thin sections of formalin-fixed liver tissues were 
made using paraffin blocks and stained by hematoxylin 
and eosin stain. These stained sections were inspected 
under a light microscope.

Statistical analysis:

Data was expressed as mean±Standard Error of Mean 
(SEM) where n=6. All data were analysed by one way 
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Analysis of Variance (ANOVA) with Dunnett’s multiple 
comparison test, when compared to toxic control group 
by using Graphpad Prism software (5.0 version). p 
values less than 0.05 were considered as statistically 
significant.

RESULTS AND DISCUSSION

The antioxidant activity of F3, F5 and PLS was 
evaluated by DPPH free radical scavenging activity and 
ferric ion reducing power assays. All the tested samples 
exhibited a considerable antioxidant activity compared 
with ascorbic acid, F5 and PLS (p<0.0001) showed 
significant activity when compared with F3 (p<0.001) 
(fig. 1).

The total flavonoid value of F3 and F5 was equivalent 
to 2.86±0.10 and 6.2±0.12 mg/g rutin, respectively, 
while the total phenolic value was equal to 114±1.7 and 
146.5±2.4 mg/g of gallic acid, respectively.

In the toxic control group, the chronic administration 
of ethanol (p<0.0001) significantly elevated the serum 
SGOT, SGPT, ALP and bilirubin levels compared with 
the normal control group (Table 2). The animal group 

co-administered with F3 did not show significant 
variation in SGPT and bilirubin levels at 200 mg/kg 
dose. In contrast, the rat group co-administered with 
F5 offered significant dose-dependent protection 
and significantly reduced the elevated levels of liver 
parameters at both low and high doses (Table 2). 
Moreover, co-administration of 400 mg/kg dose of F5 
(p<0.0001) offered almost equivalent protection in the 
liver parameters compared with silymarin (100 mg/kg) 
(Table 2).

The ethanol-treated group (p<0.0001) significantly 
reduced the endogenous antioxidant enzymes, namely 
SOD and CAT, compared with the normal control 
group. The animal group co-administered with both 
the fractions (F3 and F5) offered significant protection 
against the ethanol-toxicity (Table 3). The high dose 
of F3 significantly elevated the SOD and CAT levels 
compared with its low dose and toxic control group 
(Table 3). On the other hand, co-administered F5 
offered dose-dependent protection and the high dose 
of F5 (p<0.0001) showed potent elevation of SOD and 
CAT levels similar to that of silymarin (Table 3).

TABLE 2: EFFECT OF F3 AND F5 ON LIVER FUNCTION TESTS

Note: All the values were expressed as mean±SEM (n=6) where, ***p<0.0001 as compared with normal control and #p<0.05, ##p<0.001, 
###p<0.0001 as compared with toxic control was considered as statistically significant using one-way ANOVA with Dunnett’s multiple 
comparison test, while p>0.05 was considered as statistically non-significant (ns)

Groups SGOT (IU/l) SGPT (IU/l) ALP (IU/l) Bilirubin (µmol/l)

Normal control 58.16±4.79 31.16±3.06 194.33±6.37 0.29±0.12

Toxic control 125.83±6.08*** 70.33±5.50*** 332.16±6.30*** 1.55±0.41***

Silymarin (100 mg/kg) 65.66±4.76### 47.16±5.56### 235.83±4.99### 0.47±0.05###

F3 (200 mg/kg) 119.66±5.39### 65.16±3.71ns 326.16±3.97# 1.36±0.27ns

F3 (400 mg/kg) 103.83±5.77### 59.5±4.27## 305.83±8.44### 1.21±0.11#

F5 (200 mg/kg) 74.66±4.63### 53.66±6.88### 268.66±3.82### 0.53±0.06###

F5 (400 mg/kg) 61.5±4.84### 44.66±5.53### 210.5±8.01### 0.38±0.05###

Fig. 1: In vitro antioxidant activity of PLS, F3 and F5. **p<0.001, ***p<0.0001, as compared with standard group using one-way ANOVA 
with Student-Newman-Keuls post hoc test, ( ) DPPH and ( ) Ferric ions
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TABLE 3: EFFECT OF F3 AND F5 ON TISSUE OXIDATIVE STRESS MARKERS

Groups MDA (n mol/g tissue) SOD (U/mg protein) CAT (n mol H2O2/mg protein/
min)

Normal control 2.68±0.12 25.6±0.16 56.8±0.45

Toxic control 12.12±0.43*** 7.8±0.66*** 3.42±0.24***

Silymarin (100 mg/kg) 2.82±0.50### 28.4±1.94### 53.67±2.19###

F3 (200 mg/kg) 9.43±0.15ns 12.12±0.43ns 13.14±0.34#

F3 (400 mg/kg) 6.28±0.52# 17.65±1.64## 20.68±1.21###

F5 (200 mg/kg) 5.34±0.28## 19.84±2.32### 28.90±1.41###

F5 (400 mg/kg) 3.28±0.64### 26.89±2.54### 52.20±1.21###

Note: All the values were expressed as mean±SEM (n=6). Where, ***p<0.0001 as compared with normal control and #p<0.05, ##p<0.001, 
###p<0.0001 as compared with toxic control was considered as statistically significant using one-way ANOVA with Dunnett’s multiple 
comparison test, while p>0.05 was considered as statistically non-significant (ns)

Further, the toxic control group (p<0.0001) significantly 
elevated the serum levels of MDA compared with the 
normal control group (Table 3). The co-administration 
of F3 and F5 significantly depleted the elevated 
MDA levels compared with the ethanol-intoxicated 
group (Table 3). At 400 mg/kg dose of F3 (p<0.05) 
significantly decreased the MDA levels, while 400 
mg/kg of F3 was non-significant in controlling MDA 
levels. F5 markedly diminished the MDA levels in a 
dose-dependent manner and the effects at a higher dose 
(400 mg/kg) were comparable with silymarin (Table 3).

The liver’s architecture is clear and the hepatocytes 
were arranged clearly in normal control (fig. 2A). In 
contrast, the ethanol administration results in disruption 
of the architecture, infiltration of inflammatory 
cells, vacuolated hepatocytes deposition of lipids 
and degenerated nuclei (fig. 2B). At a high dose, co-
administration F5 remarkably reversed the alterations 
induced by ethanol than F3, supporting the research 

findings of biochemical studies (fig. 2C-fig. 2E).

Since ancient times, plants and their parts are being 
used to treat hepatotoxicity both in Ayurveda and Unani 
systems[37,38]. Based on this evidence, the search for new 
lead molecules for liver disorders from natural sources 
is a crucial point of interest. As a result, many plants 
and their phytochemicals were tested for antioxidant 
and hepatoprotective potentialities[39]. Thus, few groups 
have tested the hepatotoxicity of a folklore medicinal 
plant P. longifolia using different induced models[15,18,19] 
and found that methanolic extracts of P. longifolia 
have potent hepatoprotective activity. Therefore, in the 
present study, the seeds of P. longifolia were extracted 
with methanol and fractionated. The two obtained 
fractions (F3 and F5) exhibited significant DPPH free 
radical scavenging activity and ferric ion reducing 
power capabilities attributed to the substantial quantity 
of phenol and flavonoid compounds[40] (fig. 1).

Fig. 2: Histopathological studies (400×) of F3 and F5 against ethanol-induced oxidative stress, (A) Normal control (0.2 ml, vehicle); (B) 
Toxic control (ethanol, 5 g/kg, 20 %); (C) Standard (silymarin (100 mg/kg)+ethanol (5 g/kg, 20 %)); (D) F3 (400 mg/kg)+ethanol (5 g/kg, 
20 %) and (E) F5 (400 mg/kg)+ethanol (5 g/kg, 20 %)
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As mentioned earlier, acetaldehyde accumulation in 
the liver inhibits the transport pumps present on the 
hepatocytes membrane, thereby outflow the liver 
enzymes such as SGOT, SGPT, ALP and bilirubin 
into serum results in hepatotoxicity[41]. In the current 
investigation, similar observations were noticed in 
the toxic control group. Co-administration of F3 
and F5 significantly reduced the elevated levels of 
SGOT, SGPT, ALP and bilirubin (Table 2). Notably, 
co-administration of a higher dose of F5 displayed 
equivalent protection in the liver parameters compared 
with silymarin (Table 2).

Generally, oxidative stress is the pathogenesis of 
numerous chronic diseases that affects the imbalance 
between the antioxidants and ROS[42,43]. The 
endogenous antioxidant enzymes like SOD and CAT 
play a vital role in catalyzing the Hydrogen peroxide 
(H2O2) into the water, the major precursor of ROS. The 
depletion of SOD and CAT results in oxidative stress 
in surrounding tissues and causes tissue and organ 
necrosis[44]. Moreover, the excess generation of ROS 
plays a vital role in hepatotoxicity’s etiology[45]. The 
chronic administration of ethanol activates the kupffer 
cells, thereby generates ROS and pro-inflammatory 
substances[46]. These excess ROS covalently binds to 
the hepatocytes membrane and results in oxidation of 
polyunsaturated lipids that markedly elevate the MDA 
levels[47]. Further, excess accumulation of both ROS 
and MDA levels together causes oxidative stress in 
hepatocytes[48].

The present study’s findings indicate that ethanol 
administration markedly elevated the MDA levels by 
depleting the endogenous antioxidants (SOD and CAT) 
(Table 3). In contrast, the administration of fractions 
significantly antagonized the oxidative stress induced 
by ethanol by enhancing the SOD and CAT levels 
and simultaneously depleting the MDA levels in a 
dose-dependent manner when comparing with toxic 
control (Table 3). The co-administration of 400 mg/kg 
of F5 exhibited marked protection of tissue oxidative 
stress markers similar to silymarin. Moreover, our 
outcomes are identical to the previous study models of 
hepatotoxicity[15,18,19].

The histopathological studies are in support of the 
hepatoprotective activity of F3 and F5. The chronic 
administration of alcohol causes disruption of 
hepatocytes, infiltration of cells and ballooning of 
cells[49], whereas both fractions co-administration 
reversed the damage effects caused by alcohol. Among 
both, F5 maintained the better structural integrity of 

hepatocytes and antagonized ethanol-induced toxicity 
than F3. These histopathological results support the 
hepatoprotective potentiality of seeds of P. longifolia 
against ethanol-intoxicated rats.

To conclude, the present study showed that fractions 
of P. longifolia have a good amount of total flavonoid 
and phenolic contents with potent antioxidant activity. 
Additionally, F3 and F5 unexpectedly improved 
serum liver parameters and oxidative stress markers 
in rats induced with ethanol, which is attributed to 
viz., radical scavenging and antioxidant activities. 
Also, the co-administration of these fractions showed 
hepatoprotective effects in ethanol-induced Wistar 
albino rats. Hence, the seeds of P. longifolia could be 
used in the treatment of different liver ailments.
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