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Summary 
 

The present work was undertaken for comparative evaluation of Phyllantus nirruri 
(PN, 142.5 mg/kg, po), Andrographis paniculata (AP, 300 mg/kg, po) and 
Picrroriza kurroa (PK, 200 mg/kg, po) against hepatic damage induced by 
paracetamol (PCM) or thioacetamide (TAA) in experimental animals. Female 
Sprague-Dawely rats (150-200 g) were prophylactically treated with PN, AP and 
PK for 10 days and subsequently liver damage was induced by either PCM or 
TAA. The hepatoprotective activity was monitored by estimating alanine 
aminotransaminase (ALT), aspartate aminotransaminase (AST), alkaline 
phosphatase (ALP) and bilirubin (total and direct) levels in both serum and liver 
tissue homogenate (LTH). The effect of standardised extracts on antioxidant 
enzymes; superoxide dismutase (SOD) and catalase (CAT) activities in LTH and 
histopathological changes in liver were also determined. Administration of PN, AP 
and PK significantly caused elevation and depletion of endogeneous biomarkers in 
LTH and serum respectively compared to PCM and TAA toxic control. 
Additionally, all treatments significantly showed incline in SOD and catalase 
activities compared to toxic control. Moreover, standardised herbal extracts 
significantly ameliorate the histological scores demonstrated by hepatotoxic 
control. Among the three herbal extracts, PK was found to be superior to AP, 
which was more protective than PN at times of hepatic stress induced by PCM and 
TAA. These pharmacologic effects suggest that PK is most effective in reverting 
back the normalcy to hepatocytes in presence of damaging agents such as PCM and 
TAA.  
 
Key words: Andrographis paniculata; Hepatoprotection; Paracetamol; Picrroriza 
kurroa; Phyllanthus nirruri; Thioacetamide.  
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Introduction 
 

Liver is an organ of paramount importance as it plays an essential role in 
maintaining the biological equilibrium of vertebrates (1). Damage to the liver 
inflicted by hepatotoxic agents has grave consequences. Inspite of tremendous 
advances in modern medicine no effective drugs are available, which stimulate 
liver functions and offers protection to the liver from the damage or help to 
regenerate hepatic cells (2)]. In absence of reliable liver-protective drugs in modern 
medicine, a large number of medicinal preparations are recommended for the 
treatment of liver disorders (3)] and quite often claimed to offer significant relief. 
There are large numbers of medicinal plants that are used to treat hepatic diseases 
and their extracts are standardized (4). Most of the formulations available as 
remedy from hepatic manifestation are polyherbal. Most commonly used plants in 
herbal formulation in India are Andrographis paniculata, phyllantus niruri, 
Picrorrhiza kurroa, Eclipta alba, Tinospora cordifolia, Apium graveolens, 
Boerhaavia diffusa and Acanthus ilifolius. Three Indian herbs that are easily 
available, inexpensive and have a well-established place in traditional Indian 
medicine were selected in the present study. They possess similar stress relieving, 
antioxidant, immunostimulatory and cellular protective potential. 
 
Phyllanthus niruri belongs to the family Euphorbiacea and is mainly found in the 
tropical areas of the world including southern India and China. It has been claimed 
to be an excellent remedy for jaundice (5) and infective hepatitis (6). It is reported 
to possesses diuretic, analgesic, stomachic, antispasmodic, febrifugal, and cell 
protective properties. It is also reported to decrease the amount of hepatitis B virus 
found in the blood stream (7). 
 

Andrographis paniculata is from the family Acanthaceae and found throughout 
plain regions in India and other Asian countries. The different parts of the plant 
were reported to have anti-asthmatic (8), anti-inflammatory (9), antiviral (10), 
cardioprotective (11), antimicrobial (12), antiprotozoal (13) and hepatoprotective 
(14)  properties. It was also reported to attenuate CCl4-induced increase in the 
pentobarbitone sleep time in mice (15). 

 

Picrorhiza kurroa belongs to the family Scrofulariaceae and commonly found in 
the himalayas, from Kashmir to Sikkim regions of India at elevation of 2700-4500 
meters. It was reported to demonstrate choleretic hepatoprotective (16), 
neuroprotective (17) and immunostimulant (18) activities.  
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Eventhough the pharmacological efficacy of these herbs are very well documented 
and many Ayurvedic formulation manufacturers have incorporated these extract in 
their formulations, but so far no comparative evaluation of these herbs are carried 
out to suggest their degrees of potency in the formulation. Hence the present study 
was aimed at determining the hepatoprotective efficacy of different standardized 
extracts of PN, AP and PK against hepatic injury induced by paracetamol (PCM) 
and thioacetamide (TAA) in experimental animals.  
 
 

Methods 
 

Chemicals & reagents 
AST, ALT, ALP and Bilirubin kits were procured from Crest Biosystems (Goa, 
India). Nitroblue tetrazolium (NBT) was purchased from Loba Chemicals. All 
other chemicals used were of analytical grade and purchased from standard 
companies.  

 

Plant extracts 
The standardized extracts of Phyllanthus nirruri, Andrographis paniculata and 
Picrorrhiza kurroa were gifted by Phytotech extracts Bangalore (India), Natural 
Remedies Pvt Ltd, Bangalore (India) and All Seasons Herbs, Bangalore (India) 
respectively. Silymarin was procured from Micro labs, Hosur, Tamil Nadu (India).  
 

Experimental animals 
Laboratory bred female Sprague-Dawley (SD) rats weighing 150-200 g were 
housed at 25° ± 5°C in a well-ventilated animal house under 12:12 h light dark 
cycle. Institutional Animal Ethics Committee approved the experimental protocol. 
The animals were maintained under standard conditions in an animal house as per 
the guidelines of Committee for the Purpose of Control and Supervision on 
Experiments on Animals (CPCSEA). The rats had free access to standard rat chow 
(Amrut Laboratory Animal feed, Maharashtra, India) containing (% w/w) protein 
22.10, oil 4.13, fibre 3.15, ash 5.15, sand (silica) 1.12, and water ad libitum. 
 

Paracetamol (PCM) induced hepatic damage 
The animals were divided into six groups consisting of six animals each. They were 
treated orally with either vehicle or extract for 10 days as follows: The animals of 
Group I and II were treated with vehicle for 10 days. Group III animals received 
silymarin (100 mg/kg, po) (19). The group IV, V and VI were administered 
standardized Phyllanthus nirruri extract (PN) 142.5 mg/kg (20), standardized 
Andrographis paniculata extract (AP) 200 mg/kg (21) and standardized 
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Picrorrhiza kurroa extract (PK) 200 mg/kg (22), respectively. On 11th day, PCM (2 
g/Kg, po) (2) suspended in sucrose solution (40% w/v) was administered in 3 
divided doses to animals of groups II, III, IV, V and VI. Food was withdrawn 12 h 
before PCM administration to enhance the acute liver toxicity. Animals were 
sacrificed 48 h after the administration of PCM. Blood samples were collected and 
the serum was used for determinations of activities of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) and serum 
bilirubin levels (Total and direct). The liver was immediately isolated and washed 
with normal saline, blotted with filter paper and weighed. Liver tissue homogenate 
(LTH) was prepared in sucrose solution (0.25 M) and used for estimation of 
endogenous marker enzymes and biological antioxidants viz., superoxide dismutase 
(SOD) (23) and catalase (24) activities. The liver was then subjected to 
histopathological examination. 
 

Thioacetamide (TAA) induced hepatic toxicity 
The animal groupings and treatments were similar to that used in PCM induced 
liver damage. Single dose of TAA (100 mg/kg, sc) (25) diluted with distilled 
water (2% solution) was administered on 11th day to animals of groups II, III, 
IV, V and VI and the animals were sacrificed 48 h after administration of TAA. 
Biochemical estimations were carried out in serum and LTH as mentioned 
above in PCM model. 
 

Statistical analysis 
Results are expressed as mean ± SEM. Statistical significance was assessed using 
One-way Analysis of variance (ANOVA) followed by Tukey multiple comparison 
tests. P<0.05 was considered significant. 
 

Histopathological studies 
The liver tissue was dissected out and fixed in 10% formalin, dehydrated in gradual 
ethanol (50–100%), cleared in xylene, and embedded in paraffin. Sections were 
prepared and then stained with hematoxylin and eosin (H–E) dye for 
photomicroscopic observations. The hepatic damage was determined by giving 
scores depending on the intensity as follows (26); normal hepatic architecture and 
hepatocytes – score 00; focal degeneration of hepatocytes (1/3rd or less) – score 01; 
diffuse degeneration of hepatocytes (1/3rd - 2/3rd) – score 02; diffuse degeneration 
of hepatocytes (2/3rd or more) – score 03; diffuse degeneration of hepatocytes + 
Fatty vacuoles / vesicular formations – score 04. 
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Results 
 

Effect on Paracetamol (PCM) induced liver toxicity (Table I to IV) 
 

The serum and tissue levels of ALT, AST, ALP and bilirubin (total and direct) 
were significantly (P<0.001) increased and decreased in PCM control group when 
compared to normal control at the end of 48 h after administration of PCM. Also, 
there was significant (P<0.001) decline in SOD and catalase activities in LTH with 
incline in histological scores of microscopic section of hepatocytes as well as liver 
weight in PCM control group compared to normal control. The elevated levels of 
hepatic markers were significantly (P<0.001) reduced in serum of animals pre-
treated with PN, AP, PK and silymarin compared to PCM control.  The pre-
treatment of animals with standardised extracts also resulted in significant 
(P<0.001) rise in biomarker enzymes in LTH compared to PCM control. The 
antioxidant activities were remarkably increased in LTH of all treated groups with 
significant (P<0.001) decline in liver weight and histological scores compared to 
PCM control. The observation of microscopic slides of PCM control group showed 
severe congestion of blood vessels, mild hydropic degeneration, pyknosis of 
nucleus and occasional necrosis (Figure Ib). Further, in PN groups, there was lesser 
degree of congestion in blood vessels, hydropic degeneration and pyknosis (Figure 
Ic). However, in AP and PK groups, degree of congestion of blood vessels were 
remarkable reduced with mild necrosis no pyknosis (Figure Id & Ie). Hence it is 
confirmed that standardized extract of AP and PK were found to be more effective 
than the standardized extract of PN.  
 

Table I: Effect on serum AST, ALT and ALP levels in paracetamol (PCM) induced 
hepatotoxicity in rats. 

 
 
 
 
 
 
 
 
 
 
 

 
 

TREATMENT AST 
(U/L) 

ALT    (U/L) ALP (U/L) 

Control 107±1.04 50±2.1 485±14.4 
PCM control  395±18.4*** 224.7±9.75*** 957.5±14*** 

Silymarin + PCM  127.5±10.43aaa 53.25±7.9 aaa 547±13.7aaa 

PN + PCM 174±11.6 aaa 110.7±16.4aaa 757±14.4aaa 

AP + PCM 110.7±4.49aaa 65.4±8.7 aaa 509±11.4 aaa 

PK + PCM  144.5±17.2aaa 51.2±12.3 aaa 537±20.1aaa 
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Table II: Effect on AST, ALT and ALP levels in liver homogenate in paracetamol 
(PCM) induced hepatotoxicity in rats. 

 
 

 
 
 
 
 
 
 
 
 

 
Table III: Effect on Direct (D-BIL) and Total bilirubin (T-BIL) levels in serum 
and liver homogenate in paracetamol (PCM) induced hepatotoxicity in rats. 

 
Values are mean ±S.E.M, n=6 Symbols represent statistical significance. 
***P < 0.001; ** P < 0.01 & *P < 0.05, comparison between control and 
Hepatotoxic (HP) control, aaaP < 0.001; aaP < 0.01 &  aP < 0.05 Vs hepatotoxic 
control. HP: Hepatotoxic; Silymarin: 100 mg/kg, po; PN: Phyllanthus nirruri 142.5 
mg/kg, po; AP: Andrographis paniculata 200 mg/kg , po; PK: Picrorrhiza kurroa  
200 mg/kg , po.  

 

 

 

Treatment AST (U/L) 
 
 

ALT (U/L)
 

ALP (U/L)
 

Control 390±15.2 683±8.8 266±8.8 
PCM control 93±14.5***

 243±12*** 65±10.4*** 

Silymarin + PCM 370±11.5aaa 633±14.5aaa 233±8.8 aaa 

PN+ PCM 283±20.2aaa 586±18.5aaa 180±15.2aaa 

AP+ PCM 343±18.5aaa 623±8.8 aaa 246±8.8 aaa 

PK+ PCM 363±8.8 aaa 640±15.2aaa 216±17.6aaa 

        Serum bilirubin 
           (mg/dl) 

Tissue bilirubin 
(mg/dl) 

TREATMENT 

Direct Direct Total Direct  
Control 1.52±0.08 2.8±0.11 4.9±0.17 2.87±0.16 

PCM control  3.2±0.2*** 0.86±0.06*** 2±0.11*** 4.8±0.14*** 

Silymarin + PCM  1.82±0.12aaa 2.46±0.08 aaa 5.16±0.14aaa 3.37±0.1 aaa 

PN + PCM 1.64±0.15 aaa 2.36±0.08 aaa 4.56±0.14aaa 3.88±0.21aaa 

AP + PCM 1.73±0.03 aaa 2.5±0.11 aaa 4.76±0.08aaa 3.35±0.25 aaa 

PK + PCM  1.93±0.14 aaa 2.6±0.05 aaa 4.93±0.12aaa 3.52±0.12 aaa 
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Table IV: Effect on liver weight, superoxide dismutase (SOD) and catalase (CAT) 
in liver homogenate and histological scores in paracetamol (PCM) induced 
hepatotoxicity in rats. 

 

 
Figure Ia: Normal control - Section stained with (HE- 100X); Liver section of 
normal rats showing normal hepatic cells with well-preserved cytoplasm, well 
brought out central vein prominent nucleus and nucleolus.    
   
.    

   

    

     

 
Figure Ib: Hepatotoxic (PCM)) control - Section stained with (HE- 100X); 
liver section showing severe congestion of blood vessels, mild hydropic 
degeneration, pyknosis of nucleus and occasional necrosis. 

SOD CAT Histological 
scores 

TREATMENT Liver 
Weight 
(g/100g)    

Control 2.87±0.16 5±0.08 4.9±0.2 1.00±0.0 
PCM control    4.8±0.14*** 1.3±0.08*** 1.96±0.05*** 4.3±0.5*** 

Silymarin + PCM  3.37±0.1 aaa 5.2±0.26 aaa 4.25±0.22aaa 2.0±0.0 aa 

PN + PCM 3.88±0.21aaa 3.43±0.12aaa 3.7±0.11 aaa 2.6±0.33a 

AP + PCM 3.35±0.25 aaa 4.58±0.42aaa 4.83±0.32 aaa 1.6±0.33aa 

PK + PCM  3.52±0.12 aaa 4.06±0.18aaa 4.96±0.3 aaa  2.0±0.57 aa 
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Figure Ic: PCM+ Phyllantus nirruri - Section stained with (HE- 100X); liver 
section showing lesser degree of congestion of blood vessels, hydropic 
degeneration and pyknosis 
 

 

 

 

 

Figure Id: PCM+ Andrographis paniculata - Section stained with (HE- 100X); 
liver section showing lesser degree of congestion of blood vessels, necrosis with no 
pyknosis 
 

 

 

 

 

Figure Ie: PCM+Picrroriza kurroa - Section stained with (HE- 100X); liver 
section showing of congestion of blood vessels with no pyknosis and necrosis. 
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Effect on Thioacetamide (TAA) induced liver toxicity (Table V & VIII) 
At the end of 48 h after administration of TAA, there was significant (P<0.001) 
increase in biomarker ALT, AST, ALP and bilirubin (total and direct) enzyme 
levels in serum and decrease in LTH of TAA control group when compared to 
normal control. Similarly, there was reduction in SOD and catalase enzyme 
activities in LTH of TAA control group with rise in histolotological scores and 
liver weight. The prophylactic administration of PN, AP and PK was found to 
protect the hepatic integrity with decrease in biomarker levels in serum and 
increase in LTH. Moreover, the antioxidant activities were significantly (P<0.001) 
increased in all treatment groups compared to TAA control. There was also 
significant fall in histological scores and liver weight in groups subjected to 
pretreatement of standardised extracts compared to TAA control. The histological 
examination (Figure IIa) shows Perilobular hepatocyte necrosis, inflammation and 
congestion with cytoplasmic vacuolation in TAA control group. Prophylactic 
administration of PN (Figure IIb) showed mild congestion and inflammation with 
cytoplasmic vacuolation. Moreover, in groups pre-treated with AP (Figure IIc) and 
PK (Figure IId), there was only mild congestion and inflammation with no 
necrosis. Among the three herbs investigated in the study, PK and AP were found 
to be superior in offering protection to hepatocytes than PN.  
 
 

 
Table V: Effect on serum AST, ALT and ALP levels in thiacetamide (TAA) 
induced hepatic necrosis in rats 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

TREATMENT AST (U/L) 
 
 

ALT (U/L) 
 

ALP (U/L) 

Control 123±3.94 81±4 543±12 

TAA control    1094±25 *** 743±17*** 1164±14*** 

Silymarin + TAA 207±28.8 aaa 136±18 aaa 665±27aaa 

PN+ TAA 317±16.7aaa 279±16.8 aaa 856±29aaa 

AP+ TAA  385±18aaa 302±21.8aaa 833±27aaa 

PK+ TAA  195±28.9aaa 118±21aaa 680±23aaa 
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Table VI: Effect on AST, ALT and ALP levels in liver homogenate in 
thiacetamide (TAA) induced hepatic necrosis in rats 
 
 
 

 
 
 
 
 
 
 
 

 
Values are mean ±S.E.M, n=6 Symbols represent statistical significance. 
***P < 0.001; ** P < 0.01 & *P < 0.05, comparison between control and 
Hepatotoxic (HP) control, aaaP < 0.001; aaP < 0.01 &  aP < 0.05 Vs hepatotoxic 
control. HP: Hepatotoxic; Silymarin: 100 mg/kg, po; PN: Phyllanthus nirruri 142.5 
mg/kg, po; AP: Andrographis paniculata 200 mg/kg , po; PK: Picrorrhiza kurroa  
200 mg/kg , po.  
 
 

 

Table VII: Effect on Direct (D-BIL) and Total bilirubin (T-BIL) levels in serum 
and liver homogenate in thioacetamide (TAA) induced hepatotoxicity in rats. 

 

TREATMENT 
 

AST (U/L) 
 
 

ALT (U/L) 
 

ALP (U/L) 
 

Control 533±8.8 633±15.2 320±17.3 
TAA control   106±8.8*** 88±7.55*** 75±8.6*** 
Silymarin + TAA 463±29.6 aaa 590±20 aaa 253±14.5aaa 

PN+ TAA 276±21.8aaa 473±20.8aaa 178±10aaa 

AP+ TAA  306±21.8aaa 373±20aaa 176±8.8aaa 

PK+ TAA  486±23.3 aaa 593±15.2 aaa 260±11.5aaa 

        Serum bilirubin 
           (mg/dl) 

Tissue bilirubin 
(mg/dl) 

TREATMENT 

Direct Direct Total Direct 
Control 1.5±0.04 3.17±0.14 2.96±0.12 4.8±0.05 
TAA control   2.43±0.07*** 4.42±0.14*** 1.1±0.15*** 2.26±0.14*** 

Silymarin + TAA 1.7±0.16 aaa 3.3±0.07 aaa 2.9±0.08 aaa 4.2±0.05 aaa 

PN+ TAA 1.76±0.09aaa 3.63±0.06 aaa 3.06±0.18 aaa 4.16±0.2 aaa 

AP+ TAA  1.77±0.05 aaa 3.61±0.16 aaa 2.46±0.08 aaa 4.2±0.17 aaa 

PK+ TAA  1.71±0.05 aaa 3.45±0.28 aaa 2.5±0.17 aaa 4.3±0.08 aaa 
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Table VIII: Effect on liver weight, superoxide dismutase (SOD) and catalase 
(CAT) in liver homogenate and histological scores in thioacetamide (TAA) induced 
hepatotoxicity in rats. 

 

 
 

Values are mean ±S.E.M, n=6 Symbols represent statistical significance. 
***P < 0.001; ** P < 0.01 & *P < 0.05, comparison between control and 
Hepatotoxic (HP) control, aaaP < 0.001; aaP < 0.01 &  aP < 0.05 Vs hepatotoxic 
control. HP: Hepatotoxic; Silymarin: 100 mg/kg, po; PN: Phyllanthus nirruri 142.5 
mg/kg, po; AP: Andrographis paniculata 200 mg/kg , po; PK: Picrorrhiza kurroa  
200 mg/kg , po.  

 
 

 

 

 

 

 

Figure IIa: Hepatotoxic (TAA)) control - Section stained with (HE- 100X); 
liver section of rats showing perilobular hepatocyte necrosis, inflammation and 
congestion with cytoplasmic vacuolation.     

SOD CAT Histological 
scores 

TREATMENT Liver 
Weight 
(g/100g)    

Control 2.97±0.08 4.63 7.5±0.28 1.00±0.0 
TAA control   5.15±0.15*** 1.23±0.14*** 1.8±0.115*** 5.3±0.33*** 

Silymarin + TAA 3.5±0.11aaa 5.12±0.12 aaa 6.6±0.44 aaa 2.0±0.0 aaa 

PN+ TAA 3.8±0.17aaa 3.63±0.14 aaa 4.6±0.35 aaa 2.6±0.33a 

AP+ TAA  3.9±0.11aaa 3.4±0.25 aaa 4.5±0.24aaa 2.6±0.33a 

PK+ TAA  3.0±0.2 aaa 3.9±0.15 aaa 6.3±0.29 aaa 2.0±0.57aa 
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Figure IIb: TAA+ Phyllantus nirruri - Section stained with (HE- 100X); liver 
section showing mild congestion and mild inflammation with cytoplasmic 
vacuolation.     
 

 

 

 

 

Figure IIc: TAA+ Andrographis paniculata - Section stained with (HE- 100X); 
liver section showing mild congestion and inflammation. 
 

 

 

 

 

Figure IId: TAA+  Picrroriza kurroa - Section stained with (HE- 100X); liver 
section showing lesser degree of congestion and inflammation with no necrosis. 
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Discussion 
 

The present research was undertaken to evaluate comparatively the 
hepatoprotective efficacy of standardised herbal extracts of Phyllantus nirruri 
(PN), Andrographis paniculata (AP) and Picrroriza kurroa(PK)using paracetamol 
(PCM) and thioacetamide (TAA) induced hepatic damage in experimental animals.  
The result of the study shows that the standardised extract of PK was superior to 
AP and PN in ameliorating the damages caused by hepatotoxins in rats. 
 
Paracetamol (PCM) is known for its analgesic and antipyretic activities and is 
found to be safe in therapeutic doses but induces fatal hepatic degeneration and 
necrosis with toxic doses (27). The toxic effect of PCM is due to oxidative damage 
induced by its metabolite, N-acetyl-p-benzoquinoneimine, produced by the action 
of cytochrome P-450 in the liver. This metabolite reacts with reduced glutathione 
(GSH) to yield non-toxic 3-GS-yl-PCM. Reduction of GSH causes the remaining 
quinone and other natural endogenous oxygen species to bind to cellular 
macromolecules leading to cell death (28). Toxicity exhibited by the liver during 
thioacetamide (TAA) poisoning results from the generation of a metabolite, 
thioacetamide s-oxide, which is a direct hepatotoxin responsible for change in cell 
permeability and inhibition of mitochondrial activity followed by cell death (29).  
 
Damage induced by PCM/TAA is manifested by elevation in serum levels of 
endogenous biomarkers such as AST, ALT, ALP, bilirubin (total and direct) and 
depletion of it in tissue homogenate. Prophylactic administration of PN, AP, PK 
and sylimarin substantially revert back these abnormal changes in serum and LTH 
as evidenced by biochemical studies. The augmentation of hepatic regeneration 
was speculated to be the possible hepatoprotective mechanism of standardised 
herbal extracts. Such rapid regeneration was known to cause the liver to become 
more resistant to hepatotoxin induced liver injuries (30). Similarly, inclination of 
the functions of the reticuloendothelial system (31) or declination of protein 
biosynthesis (32) were also considered as some possible hepatoprotective 
mechanisms, which could reduce the hepatotoxicity of PCM/TAA. Picroside II of 
PK could be attributed for enhanced hepatoprotection than PN and AP. This active 
principle of PK was known to prevent hepatocytes from necrosis by the mechanism 
of up regulating the bcl-2 gene expression and antioxidation (33). 
 
A major defense mechanism comprises of the antioxidant enzymes such as SOD 
and catalase, which convert active oxygen molecules into non-toxic compounds. 
The lipid peroxidation is accelerated when free radicals are formed as the results of 
losing a hydrogen atom from the double bond in the structure of unsaturated fatty 
acids. Scavenging of free radicals is one of the major antioxidant mechanisms to 
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inhibit the chain reaction of lipid peroxidation. The free radical scavenging activity 
of the crude drug extracts was evaluated by measuring SOD and catalase in liver 
tissue homogenate (LTH). The endogenous antioxidants were remarkably 
decreased at times of stress induced by hepatotoxins like PCM and TAA. Pre-
treatment of animals with standardized herbal extracts shows the substantial rise in 
SOD and catalase activities in liver tissue homogenate. Elevated activity of catalase 
in LTH is more important than rise in SOD activity alone as without a simultaneous 
increase in catalase activity, elevated SOD activity may lead to intracellular 
accumulation of H2O2 with detrimental effects (34). The maximum increase was 
seen in a group treated with PK.  It is speculated that the augmented antioxidant 
activities could be due to the presence of more potent active constituents in PK than 
in AP and PN. The hepatotoxin such as PCM and TAA causes significant increase 
in liver weight by blocking the secretion of hepatic triglycerides into the plasma 
(35). Administration of PN, PK and AP prevents this blockage and thereby keeps 
normal weight of liver at times of stress.  
 
As saponins are found to have a membrane-stabilizing action (36), the 
cytoprotective effect of PN may be related to this capability. This membrane-
stabilizing role of PN was responsible for keeping the integrity of hepatic 
membrane during PCM and TAA induced liver damage. Hence congestion in blood 
vessels, hydropic degeneration and pyknosis, induced by PCM, were reduced 
drastically in PN treated group. In addition, congestion and inflammation with 
cytoplasmic vacuolation were mild in PN group in TAA model.  
 
The standardised extract of AP provided cover to hepatic damage in both PCM and 
TAA intoxicated animals mainly due to presence of flavonoid.  The degrees of 
congestion in blood vessels were remarkable reduced with mild necrosis and no 
pyknosis in AP treated animals intoxicated with PCM. Moreover, only mild 
congestion and inflammation with no necrosis were found in TAA intoxicated rats 
with AP pre-treatment.  
 
The picrosides I, II, III could be responsible for highly protective role of PK at 
times of both PCM and TAA damage to hepatocytes. Particularly, up regulating the 
bcl-2 gene expression and antioxidation (33) by Picroside II could be attributed to 
lesser degree of congestion in blood vessels with remarkable reduction in necrosis 
and pyknosis in PCM intoxicated rats pre-treated with PK. Similarly in TAA 
intoxicated rats previously treated with PK, mild congestion and inflammation with 
no necrosis in another indication of recovery imparted by PK.  
 
Thus the results of the study shows that the standardized herbal extracts of PN, AP 
and PK were found to be effective in ameliorating the complications of damages 
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induced by PCM and TAA in experimental animals. Among them, PK and AP 
were found to be superior in preventing the damage to hepatic musculature than 
PN. However, as formulations are polyherbal, combination of two or more herbal 
extracts when used together may enhance the efficacy of each other. It is often 
speculated that the herbs individually might not be so efficacious than when they 
are combined together. Hence it is found that many formulations that are 
polyherbal are highly effective in reversing the manifestation of fatty changes, 
degenerations, necrosis, hepatitis and cirrhosis. Therefore, our future course of 
action will be to elucidate the possible role of two or more herbal extracts together 
in comparison with a individual extract in preventing the damage to hepatic cells at 
times of stress.  
 
To summarise, all three standardised herbal extracts were found to be effective in 
preventing hepatotoxicity, considering the profile of liver enzymes and 
histopathological investigations. The standardized extract of AP and PK were 
found to be superior in preventing the damage to hepatocytes during PCM and 
TAA injury than PN in experimental animals.  
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