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ABSTRACT
Introduction: Alstonia scholaris Linn. is the common ingredients of various 
herbal formulation. Objectives: Present study was aimed to evaluate the  
oxidative and histopathological alterations in acetaminophen (APAP) induced  
hepatotoxicity and protective mechanisms of different leaf extracts of  
A. scholaris. Methods: Forty two wistar rats were randomly divided into 
seven groups with six rats in each and subjected to different treatments. 
Alterations in total oxidant status (TOS), total antioxidant status (TAS), 
oxidative stress index (OSI), total thiols (TTH), catalase (CAT), superoxide 
dismutase (SOD), glutathione peroxidase (GPx), glutathione-s-transferase 
(GST), malondialdehyde (MDA) levels and histopathological alterations in  
hepatic tissue were analyzed to assess the extent of hepatic damage  
induced by APAP and the protection imparted against it by aqueous or 
ethanolic leaf extract of A. scholaris. Results: Single high oral dose of APAP 
administration increased (p<0.05) hepatic levels of TOS, OSI and MDA and 
reduced TAS, TTH, SOD, CAT, GPx and GST activities indicating alteration in 
antioxidant system of hepatic tissue. The histopathological studies showed 
severe hepatic degeneration, vacuolization and granulation in cytoplasm, 
fragmentation of nuclei and membranes and infiltration of mononuclear 

cells on APAP treatment. Pre and post-treatments of aqueous or ethanolic  
extract following APAP administration restored TTH, reduced MDA and 
TOS and increased TAS compared to APAP treatment alone. Conclusions: 
Observations of histopathological and antioxidant parameters indicates 
that restoration of TAS and TTH levels by leaf extracts may be the primary 
protective mechanism in APAP induced hepatotoxicity. Further treatments 
with ethanolic extract showed more hepatoprotective potential than the 
aqueous extract of A. scholaris.
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INTRODUCTION
Hepatic tissue has evolved complex antioxidant strategies to minimize 
the noxious effects of partially reduced species or inappropriate reactive 
oxygen or nitrogen species (ROS/RNS) formed during biotransforma-
tion.1 Antioxidants within cells/cell membranes or extracellular medium 
can be up-regulated to maintain balance between total oxidant status 
(TOS) and total antioxidant status (TAS) during excessive free radicals 
formation in tissue.2,3 Excess production of radicals or reduced antioxi-
dant defense of tissue leads to oxidative damage to important macromol-
ecules like membrane proteins, lipids and nucleic acid by these radicals. 
Failure to defend against these conditions results to chronic health com-
plications viz. cancer, cardiovascular and neurological disorders etc.3 Ac-
etaminophen (APAP) is one of the most common and widely used anti-
pyretic available over the counter (OTC) for the therapeutic applications 
in mammals. It produces dose-dependent hepatotoxicity that can lead to 
acute liver failure on overdosing.4 Studies have shown that reduced anti-
oxidant status and total thiols (TTH) levels in hepatic tissue are primarily  
responsible for the APAP induced hepatotoxicity in mammals during 
overdosing.5

Plant products have been shown significant antioxidant potential both 
via direct scavenging of free radicals or indirectly by modulating anti-
oxidant defense of mammals to onslaught the excessive radicals gener-
ated. Studies have revealed that administration of phytochemicals reduce 
the free radicals induced damage in hepatocytes during hepatotoxicity 
in mammals by either increasing scavenging capacity of hepatocytes or 
reducing production of radicals during drug induced cellular damage.6-8  

Alstonia scholaris Linn. (Family Apocynaceae) has rich source of alkaloids 
(picrinine, schloaricine, alstonine and rhazimanine, etc), triterpenes  
(botulin, ursolic acid, etc), polyphenols, etc. which are primarily responsible 
for different pharmacological activities.9-11 Polyphenolic compounds pres-
ent in the leaf extract of A. scholaris exhibit potent in-vitro total anti-
oxidant capacity and reducing power and also shown scavenging of free 
radicals like hydroxyl, peroxy and superoxide radicals.12,13 These phyto-
chemicals also have important role in stabilizing lipid peroxidation thus  
reduces cellular damage. Therefore, the present study was aimed to investi-
gate the oxidative and histopathological alterations in liver induced by  
acetaminophen (APAP) toxicity in wistar rats and its protection by  
different leaf extracts of Alstonia scholaris Linn.

MATERIALS AND METHODS
Collection and preparation of extracts: The leaves of Alstonia scholaris 
Linn. were collected from University Campus, R S Pura, Jammu after 
proper identification by Taxonomist, Department of Botany, University 
of Jammu (AU-2874), INDIA. Sufficient fresh leaves were collected and 
air-dried in shade for 3-4 weeks. Air dried leaves were pre-crushed and 
later pulverized into fine powder using electric blender. Aqueous and 
ethanolic extracts were prepared according to standard method.14 The 
dried aqueous and ethanolic leaf extracts of A. scholaris were stored in air 
tight container. The extracts were reconstituted in 0.1% carboxy methyl 
cellulose (CMC) for oral gavage in wistar rats.
Induction of hepatotoxicity in experimental animals: Wistar rats of  
either sex (175-200 g) were procured from Indian Institute of Integrative 
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Medicine, Jammu. Animals were provided standard pelleted ration and 
drinking water ad libitum under standard managemental conditions. The 
experimental protocol was dully approved by Institutional Animal Ethics 
Committee (IAEC) vide letter no FVSc/C-11/2456-68. Single high oral  
dose of APAP (3 g/kg, body weight in 0.1%, CMC) was used for the  
induction of hepatotoxicity in experimental animals.15 Forty two rats 
were randomly divided into 7 groups with 6 rats in each. The control 
(Group I) received only distilled water for 7 days, Group II received 
vehicle (0.1%, CMC) 1 ml followed by a single oral dose (3 g/kg, body 
weight) of APAP (Sigma-Aldrich, USA) on the 5th day of the adminis-
tration. Group III was fed with standard drug silymarin (100 mg/kg, 
body weight) (Sigma-Aldrich, USA) orally daily for 7 days and received 
APAP at same dose rate on 5th day of administration. Group IV and V 
received aqueous or ethanolic extract (300 mg/kg, body weight) of A. 
scholaris orally daily for 7 days, respectively. Group VI and VII received 
aqueous and ethanolic extracts similar to group IV and V, respectively; 
in addition APAP was administered on the 5th day. The dose of plant 
extract was determined on the basis of reported toxic dose and differ-
ent pharmacological activities of the plant.9,11 After 7 days of treatment, 
animals were sacrificed and hepatic tissue (1 gm) was collected in 10 ml 
ice cold phosphate buffer solution (0.5 M, pH-7.4) for determining stress  
parameters and formal saline (10%) for histopathological studies. Tissue  
samples were homogenized using teflon coated homogenizer at 1000 rpm  
for 5-7 min at refrigerated temperature and 10% tissue homogenate was 
prepared for determining various antioxidant parameters.
Assaying of antioxidant parameters: Total antioxidant status (TAS) was 
determined spectrophotometrically by using 2, 2′-azinobis (3-ethylben-
zothiazoline 6-sulphonate) (ABTS) according to the method described.16 
TAS values were expressed as mM of ascorbic acid equivalents. Similarly, 
TOS level was measured using a novel automated method17 and results 
expressed in terms of μmol H2O2 Equiv/ L. The percent ratio of TOS 
to TAS levels was used for the determination of oxidative stress index 
(OSI).18 Total thiols (TTH) and malondialdehyde (MDA) levels in tissue 
homogenate was determined as per the method described by Motchnik 
and Shafiq-ur-Rehman, respectively.19,20 The other antioxidant parameters  
viz., catalase (CAT), superoxide dismutase (SOD), glutathione peroxi-
dase (GPx) and glutathione-S-transferase (GST) were determined in  
hepatic tissue using standard method.21-24 
Histopathological studies: The histopathological studies were carried 
out according to standard protocol.25 The formalin (10%) fixed hepatic  
tissues were embedded in paraffin, sectioned and stained with hema-
toxylin and eosin (H & E) followed by examination under a light micro-
scope for histopathological assessment.
Statistical analysis: The antioxidant parameters are presented in mean ± 
standard error. The results were evaluated by analysis of variance (ANO-
VA) in completely randomized design (CRD) using the Duncan Multiple 
Range Test at 5% level of significance.

RESULTS
Single oral dose administration of APAP significantly (p<0.05) decreased 
the levels of TAS (51%), TTH (46.7%) and significantly increased levels 
of TOS (65.4%), OSI (235%) and MDA (136%) as compared to control 
group. Treatments with silymarin following APAP treatment failed to 
normalize the levels of TAS (44.8% reduced) and OSI (91.6% increased) 
in hepatic tissue. Pre-and post administrations of aqueous leaf extract of 
A. scholaris were also unable to restore the levels of TAS, OSI and TTH 
in hepatic tissue of APAP treated rats; however, treatment with ethanolic 
leaf extract restored the levels of all these parameters in APAP induced 
hepatotoxic rats (Figure 1).
Figure 2 present the alterations in the activities of CAT, SOD, GPx and 
GST in liver tissue of different groups of animals treated with either 

aqueous or ethanolic leaf extract alone or in combination with APAP in 
rats. APAP treatment significantly (p<0.05) decreased the activities of 
CAT (40.6%), SOD (22.5%), GPx (37.7%) and GST (32.8%) as compared 
to control animals. Pre-and post treatments of aqueous leaf extract of 
A. scholaris were unable to restore the activities of CAT, SOD, GPx, and 
GST whereas silymarin restored these parameters except for SOD. The 
treatment with ethanolic extract following APAP treatment restored the  
activities of CAT and GPx, increased activities of GST (33.4%) and  
decreased SOD (25.4%) from the control.
Administration of APAP significantly (p<0.05) significantly increased 
the MDA levels (136%) as compared to control group. Pre and post 
treatment with either aqueous or ethanolic extract significantly (p<0.05)  
reduced the level of MDA as compared to APAP alone exposed group 
but values were higher (p<0.05) than control (Figure 3).
A semi-qualitative scoring of architectural damage of liver in histopatho-
logical examination has been shown in Table 1. Liver section of control and 
plant extracts alone treated groups showed normal hepatocytes that were 
polygonal in shape with eosinophilic granular cytoplasm and vesicular  
basophilic nuclei (Figure 4a). Single dose administration of APAP revealed  
presence of small to large areas of degenerative changes in hepatic tissue 
characterized by cytoplasmic dissolution, fluid accumulation and frag-
mentation of nuclei and membranes. At certain places there were also 
sinusoidal dilatation and infiltration of mononuclear cells along with 
proliferation of tissue around bile duct (Figure 4b) compared to con-
trol group. Treatment of silymarin or leaf extracts (aqueous or ethanolic) 
of A. scholaris following APAP treatment revealed presence of few focal 
areas of mononuclear infiltration around blood vessels and sinusoidal 
dilation in hepatic tissue. Hepatocytes showed granular and mild degen-
erative changes at few foci in extract pretreated animals. These degenera-
tive changes in hepatic tissue were less severe in ethanolic leaf extract 
treatments than the aqueous extract (Figure 5a and 5b).

DISCUSSION
Acetaminophen is a potent antipyretic and produces dose dependent 
hepatotoxicity by excessive production of ROS/free radicals during  
metabolism in hepatocytes. Metabolism of APAP by cytochrome oxidase  
enzymes in hepatocytes produce N-acetyl-p-benzo-quinoneimine  
(NAPQI), a highly reactive intermediate, and other free radicals viz.  
superoxide anion radicals, hydrogen peroxide, and hydroxyl radicals.26,27 
In our previous report showed significant alterations in plasma hepatic 
biomarkers and antioxidant status in single high dose APAP adminis-
tration in experimental animals.28 Present study showed significant  
decrease in TAS and increased TOS on APAP administration in hepatic 
tissue. The increased TOS may be due to excessive release of free radicals 
(NAPQI and other intermediates) and reduction in TAS in hepatic tissue 
may be contributed to the free radicals induced hepatotoxicity on APAP 
administration. Excess free radicals formed within hepatocytes during 
overdosing of APAP can oxidize macromolecules such as DNA, proteins 
and lipids which may lead to cellular dysfunctions and death.5,29 Histo-
pathological examination of hepatic tissue of APAP administered rats 
revealed characteristic cytoplasmic dissolution, fragmentation of nuclei/
membranes and infiltration of mononuclear cells. Studies have shown 
that excessive free radicals have been implicated in wide range of biological  
effects such as increased membrane fragility and decreased cellular  
deformation and fluidity.30,31 Further study showed that treatment with 
APAP increased OSI i.e. ratio between TOS and TAS indicating distur-
bance in antioxidant status which may contribute to hepatic degenerative 
changes.32

Cellular antioxidant defense consists of non-enzymatic (thiols, antioxi-
dants, etc) and enzymatic (CAT, SOD, GPx, GST) components, which 
contributes a crucial role in free radicals induced cellular damage.  
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Table 1: Semi-qualitative severity scoring of architectural damage on histopathological examination of the liver in different treated group

Groups
Infiltration of 

PMN cells

Vacuolization 
in cytoplasm of 
hepatic tissue

Fatty 
degeneration in 

hepatic tissue

Congestion of 
hepatic tissue

Proliferation of 
tissue around 

bile duct

I.  Control - - - - -

II. APAP ++++ +++ +++ ++++ +++

III. Silymarin + APAP ++ + ++ + -

IV. Aqueous ext. + + + - -

V. ethanolic ext. - - - - -

VI. Aqueous ext.+ APAP +++ +++ + - -

VII. Ethanolic ext.+ APAP + + - + -

APAP – acetaminophen, PMN – polymorphic mononuclear cells, 
(-) indicates normal, (+) indicates mild, (++) indicates moderate, 

(+++) indicates severe, and (++++) indicates extremely severe.

Figure 1: Effects of aqueous and ethanolic leaf extracts of A. scholaris treatments on antioxidant system viz. (a) total antioxidant status (TAS); (b) total oxidant 
status (TOS); (c) oxidative stress index (OSI) and (d) total thiols (TTH) levels in hepatic tissue of APAP induced hepatotoxic rats. (TAS, TTH expressed in mM and 
TOS in μmol H2O2 Equiv. L-1).
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Figure 2: Effects of aqueous and ethanolic leaf extracts of A. scholaris treatments on activities of catalase (CAT), superoxide dismutase (SOD), glutathione  
peroxidase (GPx) and glutathione-s-transferase (GST) in hepatic tissue of APAP induced hepatotoxic rats. CAT (µmol H2O2 decomposed/ min/ g of tissue), SOD, 
GPx (Unit/ g of tissue), GST (µmol of CDNB conjugate formed/ min/ g of tissue).

Reduction in levels of TTH and activities of antioxidant enzymes on 
APAP administration indicates reduction in level of TAS. Reduction in 
hepatic TTH level in present study indicate either increased utilization of 
thiols (-SH group) or decreased synthesis of thiols during APAP admin-
istration.26 CAT, SOD, GPx, GST are the primary antioxidant enzymes 
responsible for the scavenging peroxide, superoxide, hydroxy radicals 
produced in mammalian tissues during biochemical processes.3 Reduced 
antioxidant enzymes activities in hepatic tissue on APAP administration 

reduce the hepatic antioxidant defense leading to accumulation of these 
radicals in hepatocytes. 
Increased production and reduced scavenging of free radicals gener-
ated in hepatic tissue following APAP administration leading to the free 
radicals induced damage to macromolecules and membrane lipid. These 
observations were further confirmed by determining the extent of lipid  
peroxidation i.e. malondialdehyde (MDA) level. MDA levels were sig-
nificantly increased following APAP administration indicates increased 
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Figure 3: Effects of aqueous and ethanolic leaf extracts of A. scholaris treatments on malondialdehyde (MDA) level (nmoles MDA produced / g of tissue / hr) in 
hepatic tissue of APAP induced hepatotoxic rats. 

Figure 4: Liver section stained by hematoxylin and eosin showing intact histological structure of portal trait in liver (a) control rats (b) acetaminophen admin-
istered rats (x10). 

membrane lipid peroxidation. Similarly, increased MDA level in hepatic 
tissue has also been reported following exposure of various hepatotoxi-
cants in experimental studies.7,33 
Leaf extracts of A. scholaris have high phenolic, flavonoid and carotene  
contents and exhibit potent in-vitro antioxidant functions by scavenging  
free radicals.12,13 Pre-and post treatments of ethanolic leaf extracts of  

A. scholaris following APAP administration restored the TAS, TOS and 
TTH levels in hepatic tissue, whereas aqueous leaf extract treatment 
failed to restored these parameters. High hepatoprotective potential of 
ethanolic extract may be due to presence of high polyphenolic content in  
ethanolic leaf extract as compared to aqueous leaf extract of A. scholaris.12  
Silymarin, a complex flavonoid, is a powerful antioxidant protects liver  
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cells by promoting protein synthesis and decrease the oxidation of  
reduced glutathione.34 Pretreatment with silymarin following APAP  
decreased TOS and increased TAS of hepatic tissue. Studies reported that 
silymarin helps in reducing lipid peroxidation by either by scavenging  
excess radicals produced or inhibit their production by CYP450.

34,35  
Various studies have also shown that flavonoids present in the plant  
extract may increase glutamate cysteine ligase (GSL) activities which 
help in restoring the thiols level in hepatic tissue.36,37 
Treatment of aqueous or ethanolic leaf extract following APAP exposure 
reduced MDA level and reduction in MDA level was more pronounced 
in ethanolic extract than the aqueous leaf extract treated group. The 
reduction in MDA levels may be due to restoration of TAS, TTH and 
radicals scavenging enzymes by the phytochemicals compounds present 
in the ethanolic extract of A. scholaris.10,11,12,37 Less severe degenerative 
changes and infiltration of mononuclear cells in histopathological altera-
tions in ethanolic leaf extract treated group indicates better hepatopro-
tective potential than the aqueous leaf extract of A. scholaris. 

CONCLUSION
Oxidative and histopathological alterations in hepatic tissue indicates  
that single high dose of APAP, reduced TAS, TTH and antioxidant  
enzymes and increased TOS and OSI in hepatic tissue. Observations  
indicated that restoration of TAS and increased TTH levels by leaf extracts 
may be the primary hepatoprotective mechanisms in APAP induced 
hepatotoxicity. Further treatments with ethanolic extract showed more  
potential for restoring the functional and structural integrity of hepato-
cytes than the aqueous extract of A. scholaris of APAP induced hepato-
toxicity in wistar rats.
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ABBREVIATION USED
ABTS: 2, 2′-azinobis (3-ethylbenzothiazoline 6-sulphonate); APAP:  
Acetaminophen; NAPQI: N-acetyl-p-benzo-quinoneimine; TOS:  
Total oxidant status; TAS: Total antioxidant status; OSI: Oxidative stress 
index; TTH: Total thiols; CAT: Catalase; SOD: Superoxide dismutase, 
GPx: Glutathione peroxidase; GST: Glutathione-s-transferase; MDA: 
Malondialdehyde levels. 
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PICTORIAL ABSTRACT

• Significant alterations in histopathology of hepatic tissue and the levels of 
enzymatic, non-enzymatic components of antioxidant system on adminis-
tration of APAP indicating acute hepatic damage.

• Treatments of aqueous or ethanolic extract following APAP administra-
tion restored TTH, reduced MDA and TOS and increased TAS compared to 
APAP treatment alone indicating protective effects.

• Further treatments with ethanolic extract showed more hepatoprotective 
potential than the aqueous extract of A. scholaris in APAP induced hepa-
totoxicity.
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