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ABSTRACT 
 

Aim: The objective of this in-vitro study involves evaluating the protective action of the extracts of 
L. amara (LA) (whole fruits including seeds) and R. emodi (RE) (rhizomes) at various 
concentrations on isolated primary rat hepatocytes. 
Methods: The pulverised dried whole fruits of L. amara (LA) and rhizomes of R.emodi (RE) were 
extracted successively with petroleum ether (PE), ethanol (EE) and distilled water (AE) and 
vacuum dried. These extracts of LA petroleum ether (PE), ethanolic (EE) and aqueous (AE) 
extracts and RE obtained were subjected to in vitro studies at doses of 25, 75, 100, and 150 µg/ml 
and silymarin (250 µg/ml) in CCl4 (1%) intoxicated primary hepatocytes monolayer cultures the 
hepatoprotective action of all the extracts of both plants at different doses was carried out using 
isolated rat hepatocytes which were subjected to CCl4 intoxication followed by estimating/ 
measuring the changes in serum biochemical markers – SGPT, SGOT, ALP, Total proteins (TP), 
total bilirubin (TB), albumin (ALB) and triglycerides (TGL).  
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Results: Hepatoprotective activity against CCl4 was demonstrated in the rat primary monolayer 
hepatocyte culture using MMT assay with the ethanolic extracts of both plants showing more 
hepatocyte protective action compared to the aqueous and petroleum ether extracts by reducing 
the elevated serum marker levels. Alcoholic and aqueous extracts were found to express more 
protective action towards CCl4 intoxicated isolated primary rat hepatocytes in a dose dependant 
manner. 
Conclusion: Based on the result, it is suggested that the extract with the most hepatocyte 
protective action at a dose of 150µg is LA ethanolic extract (viability=88.24%), followed by LA 
aqueous extract (viability=84.31%), RE ethanolic extract (viability=88.24%) and RE aqueous 
extract (viability=88.24%) - which are comparable to the reference silymarin with viability at 
92.15%. the petroleum ether extracts of both plants showed least hepatic cell viability with LA pet 
ether extract at 49.02% and RE pet ether extract at 47.85% 
 

 
Keywords: Luffa Amara (LA); Rheum Emodi (RE); pet ether extract; alcoholic extract; aqueous 

extract.  
 

ABBREVIATIONS 
 
LAPE : L.amara pet ether extract.  
LAEE : L.amara ethanolic extract.  
LAAE : L.amara aqueous extract.  
REPE : R.emodi pet ether extract.  
REEE : R.emodi ethanolic extract.  
REAE : R.emodi aqueous extract. 
 

1. INTRODUCTION 
 
Liver being a vital organ for detoxification, can be 
injured or suffer functional impairment leading 
many health disorders and diseases [1]. It is 
documented that acute hepatitis resembles 
closely to viral hepatitis with the causative factors 
being hepatotoxins and confirmations done using 
clinical, biochemical and histological findings. 
Further, as a consequence of many allopathic 
drug therapies, such as antitubercular drugs, 
chronic liver diseases like chronic hepatitis, 
cirrhosis, including vascular lesions and fatty liver 
get precipitated such that they often resemble 
viral hepatitis. It is imperative for the chemically 
induced hepatic injury to be severely modifying 
or damaging to liver functions, as sequential 
hepatic injury is related to the type hepatotoxins 
used on specific animal species for 
consequential liver disturbances clinically 
resembling acute hepatotoxicity, like acute viral 
hepatitis [2,3]  
 
Such hepatotoxicity has been observed with CCl4 
– a most commonly used toxin in experimental 
studies, as it readily available in pure form, 
undergoes hepatic metabolism by cytochrome 
P450 (especially by P450 2E1) causing free 
trichloromethyl (CCl3   ) radicals generation, 
consequently resulting in direct or indirect in 
damage to membrane and intracellular lipids, 

nucleic acids, and other molecules which further 
leads to toxic hepatic damage with the severity 
ranging from necrosis leading to triacylglycerol 
accumulation, cirrhosis and cancer depending 
upon its mode of application and dose [4,5]  
 
Carbon tetrachloride has been one of the most 
commonly used toxins in the experimental study 
of liver disease. In the rat, doses of carbon 
tetrachloride in the range of 
several mg/kg body weight produce liver necrosis 
within one to two hours [6]. Smaller doses in the 
range of tenths of ml CCl4/kg body weight 
repeated several times weekly can produce 
cirrhosis within a few months [7]. 
 
Lipophilic solvents such as CC14 might cause 
liver injury by direct physical interactions with cell 
membranes.However, the significance of such 
direct solvent effects is controversial. As 
allopathic medicines have a cascade of side 
effects, herbal drugs including have garnered 
innumerable worldwide attention in treating 
diverse diseases such as dengue

 [
8], jaundice 

[9], viral diseases such as HIV-1, SARS related 
coronavirus, respiratory syncytial virus, including 
hepatocellular damage in chronic hepatitis B and 
C [10]. 
 
Luffa acutangula.var.amara or L.amara 
(Cucurbitaceae), is also called karvi turai. Being 
an annual herb, it’s found all over India, but more 
abundantly in the western peninsula. The fruits 
are very bitter in taste; the plant is used as a 
carminative, laxative, tonic for intestines, 
digestible, used to cure the vata and kapha, 
biliousness, liver complaints, leukoderma, piles, 
ascites, tumour and tumorous, useful in 
bronchitis and asthma and the seed kernals are 
used to treat dysentery [11,12]  
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It is also used in treating jaundice when taken in 
the form of very fine powder through nose, while 
its seeds show emetic, expectorant, and 
demulcent properties. The ancient literature also 
revealed that the plant is significantly used as 
abortifacient and antifungal agent. The reported 
chemical examination of Luffa acutangula 
showed the presence of carbohydrates, 
carotene, fat, protein, phytin, amino acids, 
alanine, arginine, cystine, glutamic acid, glycine, 
hydroxyproline, leucine, serine, tryptophan, 
pipecolic acid, flavonoids and saponins

 
[13].  

 
Rheum emodi or Indian or Himalayan rhubarb 
(Polygonaceae) of Indian origin, is considered as 
purgative, stomachic, and astringent tonic, 
possesses aperient, emmenagogue and diuretic 
properties. Root is used as expectorant, 
appetizer, as powder applied on cuts, wound, 
and muscular swelling, toothache, tonsillitis and 
mumps, ulcers [14]. It is used to heal skin sores 
and scabs. While larger doses are used as 
laxative, small doses are used to treat dysenteric 
diarrhoea. [15].  
.  
Chinese medicine uses rhubarb for ulcer remedy, 
as a bitter, cold, dry herb used to “clear heat” 
from the liver, stomach and blood, also to expel 
helminths and to treat cancer, fever, upper 
intestinal bleeding (ulcers), and headache [12,13] 
Its also used in of spring tonics or blood 
cleansing cures [14,15].  
 
The pulverised dried whole fruits of L. amara 
(LA) and rhizomes of R.emodi (RE) were 
extracted successively with petroleum ether 
(PE), ethanol (EE) and distilled water (AE) and 
vacuum dried. These extracts of LA petroleum 
ether (PE), ethanolic (EE) and aqueous (AE) 
extracts and RE obtained were subjected to in 
vitro studies at doses of 25, 75, 100, and 150 
µg/ml and silymarin (250 µg/ml) in CCl4 (1%) 
intoxicated primary hepatocytes monolayer 
cultures 
 

2. MATERIALS AND METHODS 

 
Preparation of plant extracts: The whole fruits 
of L. amara and rhizomes of R. emodi were 
identified and collected from the department of 
Botany, Sri Venkateshwara University, Tirupati, 
Andhra Pradesh, India. Both plants were 
subjected to pulverisation and extraction with 
petroleum ether, ethanol and distilled water using 
standard methods of soxhlet [16-18]. The 
extracts obtained were concentrated and dried 
under vacuum [19]. 

Animals: Witstar albino rat was obtained from 
the animal house of Deccan College of Medical 
Sciences, Hyderabad for this study. The animal 
was maintained under standard laboratory 
conditions (12 hrs light: dark cycle, with 60-70 % 
humidity at 25 ± 2°C) with food and water ad 
libitum. The experiment was conducted after the 
approval from Institutional Animal Ethics 
Committee constituted as per CPCSEA 
guidelines. Protocols for the experiment 
described below were approved by the ethical 
board. For this in-vitro study, the albino rat was 
fasted 18 to 24 hrs with water ad libitum prior to 
the experiment. 
 
Isolation of rat hepatic cells [20-23]: To 
prepare the primary hepatocyte culture, the 
albino rat was cleaned with rectified alcohol, 
anesthetised, followed by dissecting it to expose 
and cannulate (needle no.25) the portal vein 
which is then connected to an infusion set. 
Sterile equipment and glassware was used 
throughout the experiment. The needle being tied 
in place, the inferior vena cava was cut below the 
renal vein and the liver was immediately 
perfused with Ca

2+
 Mg

2+
 Hanks Buffer solution 

(at pH 7.4). When the liver turns white after 
thorough perfusion, the cannula is removed and 
the isolated liver is minced in a petri dish having 
Ca

2+
 Mg

2+
 Hanks Buffer solution (HBSS). This 

was then transferred to a conical flask (having 
10ml of 0.75% collagenase in HBSS), stirred with 
the aid of a magnetic stirrer at 37°C for 10 min. 
and centrifuged at 50 rpm for 10min. After 
aspirating the supernatant, the cells are again 
suspended in HBSS, followed by washing them 
twice and counting them using trypan blue dye. 
The isolated hepatic cells were cultured in sterile 
culture bottles containing Eagles MEM (having 
10% inactivated serum at a density = 0.5× 10

9
 

cell/ L. These bottles were incubated for 24 hrs at 
37°C under 5% CO2 in a humidified incubator 
after which their viability was tested. The 
hepatocytes which accumulated at the bottom of 
the tubes were observed for growth. Cytotoxicity 
of both plant extracts of L.amara and R. emodi 
were assessed using the primary hepatocyte 
culture obtained. 
 
Collagenase perfusion technique

 
[24] was 

utilised to prepare rat hepatocytes, with the cells 
undergoing many centrifugations so as to be 
purified and later inoculated at 0.5× 10

8
 cell/ L 

density on collagen coated plates, which in turn 
are incubated for 24 hrs. This was followed by 
exposing the medium to CCl4 (1%) with / without 
the samples, and sylimarin (250µg/ml) being 
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taken as the reference standard to be tested for 
their hepatoprotective activity [25,26]. After 1.5 
hrs, the culture medium was collected and tested 
for hepatic parameters like ALT, AST, ALP, TG, 
TB, ALB and TP. Cell viability was estimated by 
tryphan blue dye exclusion method [27].  
 
The results were expressed as Mean ±SEM 
(n=3), statistically evaluated with one way -
ANOVA and unpaired student t test using Graph 
Pad Prism 9 software and graphical 
representation was done using LATEX software. 
P value < 0.05 was considered statistically 
significant. P< *0.05<**0.01<***0.001, when 
compared to the toxicant group as applicable. 
 

3. RESULTS 
 
Preliminary phytochemical tests for LA revealed 
the presence of the following; LAPE- fixed oils 
and triterpenes. LAEE & LAAE- flavonoids, 
glycosides, saponins, sterols, proteins, amino 
acids and carbohydrates. REPE- triterpenes, 
REEE- glycosides, alkaloids, tannins, terpenes, 
saponins and flavonoids. REAE- flavonoids, 
alkaloids, saponins, terpenes, proteins and 
carbohydrates. 
 
Treatment of primary rat hepatocytes with CCl4 

resulted in raised SGOT (Serum Glutamic 

Oxaloacetic Transaminase), SGPT (Serum 
Glutamic Pyruvic Transaminase), ALP (Alkaline 
Phosphatase), TB (Total Bilirubin) levels and 
lowered ALB, TG, TP (total proteins) levels as a 
consequence of membrane damage and enzyme 
release – determined by hepatic enzyme levels 
which are generally found to be elevated in 
hepatic stress and damage. The cytoprotective 
activity of the crude extracts of both plants LA 
and RE showed significant protection against 1 
% CCl4 intoxication in rat hepatocyte culture 
(Tables 1 & 2) with the ethanolic extract of LA 
showing more protection (P < 0.001) at nearly all 
doses followed by the aqueous (P < 0.001) and 
pet ether extracts (P <0.05− 0.01) being variable 
with dose. Similarly, significant restoration of 
hepatic parameters was imparted by the 
alcoholic (P < 0.001) and aqueous (P < 0.001) 
extracts of RE with petroleum extracts of both 
plants showing least protective action (P 
<0.05−0.01). Maximum hepatoprotective effect 
was seen with LAEE at a dose of 150µg among 
all extracts and least with 25 µg of all extracts. 
The percentage viability of cells was found to be 
more with silymarin (92.15%) taken as reference, 
followed by LEEE at 150 µg (88.24%), LAAE 150 
µg (84.31 %), REAE 150 µg (82.35 %), REAE 
150 µg (80.39 %), while least was observed with 
CCL4 (27%). 

   

 
 

Fig. 1. Control- CCl4 – Silymarin 
 

 
 

Fig. 2. Extracts of L.amara and R.emodi at 25µg 
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Fig. 3. Extracts of L.amara and R.emodi at 75µg 
 

Table 1. Effect of the plant extracts of LA on the biochemical parameters of CCl4 induced toxicity in isolated of rat hepatocytes, n=3 replicates 
 

Groups Parameters  

SGPT(U/L) SGOT(U/L) ALP (U/L) TG(mg/dl) TP (g/dl) TB(mg/dl) ALB(g/dl) %Viable 

Control 15.62±0.017 11.02±0.005 34.05±0.017 161.7±2.028 1.32±0.017 0.21±0.031 2.83±0.013 100 
CCl4(1%) 59±0.008

 Φ
 85.98±0.014

 Φ
 96.97±0.029

 Φ
 73.33±2.603

 Φ
 0.36±0.010

 Φ
 0.70±0.008

 Φ
 0.71±0.008

Φ
 27 

CCl4  1% + Sylimarin 250 µg 19.72±0.023 15±0.005 35.90±0.032 156.3±2.404 1.26±0.010 0.26±0.020 2.31±0.010 92.15 
LAPE 25µg 53.05±0.046

***
 48.34±0.006

***
 78.32±0.020

***
 103.7±2.848

**
 0.46±0.033

*
 0.62±0.010

**
 0.84±0.007

**
 38.43 

LAPE 75µg 51.66±0.023
***

 47.46±0.017
***

 75.03±0.017
***

 108.3±2.028
**
 0.52±0.017

**
 0.60±0.023

*
 0.87±0.031

**
 45.10 

LAPE 100 µg 49.33±0.0206
***

 45.68±0.020
***

 70.70±0.025
***

 111.3±2.333
**
 0.60±0.028

**
 0.57±0.010

**
 0.91±0.029

**
 47.06 

LAPE 150 µg 48.58±0.014
***

 44.95±0.008
***

 67.99±0.024
***

 117.3±2.603
**
 0.66±0.012

***
 0.51±0.017

**
 0.92±0.042

*
 47.85 

LAEE 25 µg 32.98±0.030
***

 28.99±0.0202
***

 50.15±0.017
***

 137.7±2.186
***

 0.57±0.012
***

 0.33±0.024
***

 1.96±0.026
***

 50.98 
LAEE 75 µg 29.24±0.122

***
 24±0.003

***
 45.99±0.018

***
 142.7±3.930

**
 0.87±0.014

***
 0.32±0.026

***
 1.98±0.020

***
 60.78 

LAEE 100 µg 22.43±0.027
***

 18.23±0.005
***

 42.63±0.329
***

 149.3±2.963
***

 1.12±0.023
***

 0.30±0.030
**
 2.08±0.020

***
 80.39 

LAEE150 µg 21.38±0.036
***

 17.83±0.020
***

 38.41±0.020
***

 152.3±2.603
***

 1.23±0.012
***

 0.27±0.018
***

 2.15±0.020
***

 88.24 
LAAE 25 µg 31.61±0.020

***
 26.31±0.0202

***
 53.24±0.017

***
 137.7±1.202

***
 0.54±0.010

**
 0.37±0.003

***
 1.94±0.048

***
 50.98 

LAAE 75 µg 28.58±0.031
***

 24.96±0.023
***

 48.05±0.012
***

 139.7±2.728
***

 0.84±0.014
***

 0.35±0.017
***

 1.97±0.026
***

 64.70 
LAAE 100 µg 24.31±0.026

***
 20.88±0.020

***
 44.25±0.026

***
 146.3±2.728

***
 1.04±0.020

***
 0.33±0.029

***
 2.04±0.040

***
 79.61 

LAAE 150 µg 22.04±0.018
***

 18.88±0.017
***

 22.99±0.032
***

 148.3±2.028
***

 1.15±0.006
***

 0.29±0.010
***

 2.05±0.040
***

 84.31 
Significant at 

Φ
=P < 0.001 compared to control group; ***=P <0.001, **=P< 0.01, *= P<0.05 compared to control group 
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Table 2. Effect of the plant extracts of RE on the biochemical parameters of CCl4 induced toxicity in isolated of rat hepatocytes, n=3 replicates 
 

Groups Parameters  

SGPT (U/L) SGOT (U/L) ALP (U/L) TG (mg/dl) TP (g/dl) TB (mg/dl) ALB (g/dl) % Viable 

Control 15.62±0.017 11.02±0.005 34.05±0.017 161.7±2.028 1.32±0.017 0.21±0.031 2.83±0.013 100 
CCl4 (1%) 59±0.008

 Φ
 85.98±0.014

 Φ
 96.97±0.029

 Φ
 73.33±2.603

 Φ
 0.36±0.010

 Φ
 0.70±0.008

 Φ
 0.71±0.008

Φ
 27 

CCl4 (1%) + Sylimarin 250 µg 19.72±0.023 15±0.005 35.90±0.032 156.3±2.404 1.26±0.010 0.26±0.020 2.31±0.010 92.15 
REPE 25µg 55.23±0.024

***
 49.37±0.026

***
 58.96±0.023

***
 97.67±2.18

**
 0.43±0.026

ns
 0.63±0.025

ns
 0.82±0.037

ns
 39.22 

REPE 75µg 53.15±0.020
***

 48.42±0.014
***

 57.88±0.026
***

 105.7±2.333
**
 0.48±0.020

**
 0.62±0.021

*
 0.85±0.040

*
 43.13 

REPE 100 µg 50.63±0.025
***

 45.77±0.014
***

 54.04±0.023
***

 108.3±6.888
*
 0.57±0.014

**
 0.59±0.011

*
 0.87±0.029

*
 49.02 

REPE 150 µg 49.54±0.026
***

 44.47±0.026
***

 52.42±0.031
***

 113.7±3.383
**
 0.61±0.017

**
 0.53±0.003

***
 0.89±0.026

**
 47.85 

REEE 25 µg 35.05±0.024
***

 31.97±0.0202
***

 51.35±0.036
***

 135.3±2.906
***

 0.53±0.032
*
 0.37±0.003

***
 1.94±0.026

***
 50.98 

REEE 75 µg 30.30±0.026
***

 26±0.017
***

 48.18±0.032
***

 138.0±2.646
***

 0.81±0.020
***

 0.33±0.008
***

 1.96±0.034
***

 54.90 
REEE 100 µg 23.79±0.023

***
 19.89±0.023

***
 43.28±0.037

***
 147.3±4.333

***
 1.00±0.014

***
 0.31±0.032

***
 2.03±0.029

***
 74.51 

REEE150 µg 22.61±0.020
***

 18.75±0.017
***

 39.19±0.031
***

 152.3±1.453
***

 1.21±0.020
***

 0.28±0.006
***

 2.11±0.066
***

 80.39 
REAE 25 µg 31.02±0.016

***
 27.87±0.0218

***
 53.08±0.034

***
 133.0±2.887

***
 0.50±0.006

***
 0.38±0.003

***
 1.91±0.043

***
 49.02 

REAE 75 µg 30.01±0.017
***

 26.20±0.026
***

 49.51±0.026
***

 137.3±1.453
***

 0.78±0.024
***

 0.36±0.003
***

 1.95±0.035
***

 66.66 
REAE 100 µg 24.89±0.017

***
 22.38±0.017

***
 44.50±0.035

***
 144.3±2.028

***
 0.96±0.029

***
 0.34±0.003

***
 2.00±0.023

***
 80.39 

REAE 150 µg 25.34±0.023
***

 19.51±0.027
***

 41.06±0.032
***

 149.0±1.528
***

 1.20±0.030
***

 0.30±0.006
***

 2.01±0.023
***[2]

 82.35 
Significant at 

Φ
=P < 0.001 compared to control group; ***=P <0.001, **=P< 0.01, *= P<0.05 compared to control group
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Fig. 4. Extracts of L.amara and R.emodi at 100µg 

 

 
 

Fig. 5. Extracts of L.amara and R.emodi at 150µg 
 

4. DISSCUSSION 

 
Carbon tetrachloride induced hepatic injury 
involves the metabolic product trichloromethyl 
(CCl3 ·) radical formation as a consequence of 
CCl4 metabolism by cytochrome P450 enzymes. 
This further induces free radical formation 
leading to hepatic cell membrane damage via 
lipid peroxidation of fatty acid and/ or covalently 
binding to proteins, DNA or lipids [28,29]  
 
Flavonoids are generally considered free radical 
scavengers [30].  
 
As in vitro hepatoprotective activity has not been 
reported on the whole fruit extracts of Luffa 
amara, this experiment was aimed to estimate 
the protectiveness of all the afore mentioned 
extracts in CCl4 induced hepatic damage. In this 
study, CCl4 hepatotoxin reduced cell viability 
indicative of hepatocytic plasma membrane 
damage and subsequent release of liver 
enzymes, evident by increased levels of SGPT, 
SGOT, ALP and TB in CCl4 treated group while 
ALB, TG and TP were found to be reduced. 
Incubation of the rat hepatocytes for 1.5 hrs with 
both the whole fruit extracts of L. amara and 
rhizome extracts of R. emodi showed effective 
hepatoprotectiveness in presence of CCl4 (1%) 
intoxication comparably at higher doses than 
lower doses. The overall statistically significant 
reduction in the elevated hepatic enzymes levels 
(SGPT, SGOT, ALP, TB) was observed with 
increasing doses of LAEE, then with REEE, 
LAAE and REAE. While, the lowered ALB, TG, 
TP levels were observed to be improved 

significantly with the same order of extract effects 
as afore mentioned (i.e., LAEE > REEE > LAAE 
> REAE). Conversely, least protective effects 
were observed with the plant extracts in the order 
LAPE > REPE. 
 
The phytochemical investigations revealing the 
presence of flavonoids in both plants is indicative 
of their possible hepatoprotectiveness against 
CCl4 intoxication in primary rat hepatocytes, with 
the possibility of the extracts having antioxidant 
action [31-33] against free radicals produced 
during hepatic cell damage – evident by 
disturbances in the hepatic enzyme levels. 
 

5. CONCLUSION 
 
Thus, based on the result, it is suggested that the 
extract with the most hepatocyte protective 
action at a dose of 150µg is LA ethanolic extract 
(viability=88.24%), followed by LA aqueous 
extract (viability=84.31%), RE ethanolic extract 
(viability=88.24%) and RE aqueous extract 
(viability=88.24%) - which are comparable to the 
reference silymarin with viability at 92.15%. the 
petroleum ether extracts of both plants showed 
least hepatic cell viability with LA pet ether 
extract at 49.02% and RE pet ether extract at 
47.85%. considering the presence of flavonoids 
in both plant extracts, hypothetical assumption is 
conclusive of flavonoids being responsible for 
hepatoprotective action. However, further 
investigations on these plant extracts are 
required for their futuristic usage in the safe 
treatment of hepatic disorders as well as other 
pathological ailments. 
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NOTE 
 
The study highlights the efficacy of “Herbal” 
which is an ancient tradition, used in some parts 
of India. The ancient concept should be carefully 
evaluated in the light of modern medical science 
and can be utilized partially if found suitable. 
 

ACKNOWLEDGEMENTS 
 

The author extends deep gratitude to Dr. Zakia 
Abid, Department of Pathology, Deccan College 
of Medical Sciences for her constant support and 
encouragement. The author also thanks Owaisi 
Hospital and Research Centre for providing 
unhindered infrastructure and requirements to 
carry out this study. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist.  
 

REFERENCES 
  
1. Beena P, Purnima S, Kokilavani. R. In vitro 

hepatoprotective activity of ethanolic 
extract of Coldenia procumbens Linn, J. 
Chem. Pharm. Res. 2011;3(2):144-149.  

2. Mohammed Ibrahim et al. Hepatorortetive 
activity of Sapindus mukorossi and Rheum 
emodi extracts: In- vitro and in –vivos 
tudies; 2013. 

3. Plaa GL. Chlorinated methanes inliver 
injury: Highlights of the past 50 years. Anu. 
Rev. Pharmacol. Toxicol. 2000;40:42-65. 

4. Trevor F. Slater. Review Article: Free-
radical mechanisms in tissue injury. 
Biochem. J. 1984;222:1-15. 

5. Castillo T, Koop DR, Kamimura S, 
Triadafilopoulos G, Tsukamoto H. Role of 
cytochrome P-450 2E1 in ethanol-, carbon 
tetrachloride- and iron-dependent 
microsomal lipid peroxidation. Hepatology. 
1992;16:992-996. 

6. Edwards MJ, Keller BJ, Kauffman EC, 
Thurman RG. The involvementof Kupffer 
cells in carbon tetrachloride 
toxicity.Toxicol. Appl. Pharmacol. 
1993;119:215-219. 

7. David E. Johnston and Christine Kroening, 
mechanism of early carbon tetrachloride 
toxicity in cultured rat hepatocytes. 
Pharmacology & Toxicology.1998;83:231-
239. 

8. Nisar A, Hina F, Muhammad A, Bilal H.A, 
Ijaz M, Lubna F, Dengue fever treatment 
with Carica papaya leaves extracts, Asian 

Pacific Journal of Tropical Biomedicine. 
2011;330-333. 

9. Gbadamosi IT, Obogo SF. Chemical 
constituents and in vitro antimicrobial 
activities of five botanicals used 
traditionally for the treatment of neonatal 
jaundice in Ibadan, Nigeria. Nature and 
Science. 2013;11(10). 

10. Cristina Fiore, Michael Eisenhut, Rea 
Krausse, Eugenio Ragazzi, Donatella 
Pellati, Decio Armanini, Jens Bielenberg. 
Antiviral Effects of Glycyrrhiza species. 
Phytother. Res. 2008;22:141–148. 

11. Chopra RN, Bhadwar RL, Gosh S. 
Poisonous plants of India, Indian council of 
Agricultural research, New Delhi. 
1996;1:253-255. 

12. Kirtikar and Basu. Indian Medicinal Plants. 
2

nd
 ed. 1991(2):1123. 

13. Nipun Dashora, Chauhan lS, Neeraj 
Kumar. Luffa acutangula (linn.) Roxb. 
Var.Amara (roxb.) A consensus review. Int 
J Pharm Bio Sci. 2013;4(2):835–               
846. 

14. Mushtaq Ahmad Malik, Showkat Ahmad 
Bhat, Bilquees Fatima, Sheikh Bilal 
Ahmad, S. Sidiqui, Purnima Shrivastava, 
Rheum emodi as valuable medicinal plant. 
International Journal of General Medicine 
and Pharmacy (IJGMP) ISSN(P): 2319-
3999; ISSN(E): 2319-4006. 2016;5(4):35-
44. 

15. Castleman M. The healing herbs: The 
ultimate guide to the curative powers of 
nature’s medicine. Emmaus PA: Rodale 
Press. 1991;305-307 

16. Kokate CK. Practical Pharmacognosy. 4
th
 

ed. (ND): Vallabh Prakashan;1994. 
17. Trease GE, Evans MC. Textbook of 

Pharmacognosy.12
th 

ed. London: English 
Language Book Society/Bailliare Tindall; 
1983. 

18. Practical pharmacognosy by Khandelwal 
KR.  

19. Chiranjib B, et al. Int. J. of Allied Med. Sci. 
and Clin. Research. 2013;1(2):78-81. 

20. Seglen, Per O. Methods in Cell Biology. 
Preparation of Isolated Rat Liver Cells. 
1990;13:Chapter 4 

21. Kiso Y, Tohkin M, Hikino H. Assay method 
for antihepaotoxic activity using carbon 
tetra chloride induced cytotoxicity in 
primary cultured hepatocytes. Planta Med. 
1983;49:1132-5. 

22. KL Krishna, Tejal A Mehta Jagruti A Patel. 
In vitro hepatoprotective activity of Justicia 
gendarussa stem on isolated rat 

http://libgen.rs/scimag/10.1016%2FS0091-679X%2808%2961797-5
http://libgen.rs/scimag/10.1016%2FS0091-679X%2808%2961797-5


 
 
 
 

Abid et al.; JPRI, 33(60A): 396-404, 2021; Article no.JPRI.80322 
 
 

 
404 

 

hepatocytes. Pharmacologyonline. 
2010;2:9-13. 

23. Mohammed Ibrahim, et al. hepatorortetive 
activity of Sapindus mukorossi and Rheum 
emodi extracts: In- vitro and in –vivos 
tudies. 

24. Lee MK, Yeo H, Kim J, Kim YC. Protection 
of rat hepatocytes exposed to CCl4 in-vitro 
by cynandione A, a biacetophenone from 
Cynanchum wilfordii. J Pharm Pharmacol. 
2000;52:341-345. 

25. Vijayan P, et al. In vitro and in vivo 
hepatoprotective effects of total alkaloidal 
farction of Hygrophila auriculata leaves. 
Indian J Pharmacol. 2010;42(2):99-              
104. 

26. Kiso Y, Tohkin M, Hikino H. Assay method 
for antihepatotoxic activity using carbon 
tetrachloride induced cytotoxicity in primary 
cultured hepatocytes. Planta Med. 
1983;49:222-225. 

27. Surendra S, Bavani Eswaran M, 
Vijaykumar M, Ch V. Rao. (In vitro and in 
vivo hepatoprotective activity of 
Cissampelos pariera against carbon 
tetrachloride induced hepatic damage. 
Indian J of Experimental Biology. 
2011;49:939-945. 

28. Johnston DE, Kroening. Mechanism of 
early carbon tetrachloride toxicity in 
cultured rat hepatocytes.pharmacol 
Toxicol. 1998;83:231-239. 

29. Yashuda H, Izumi N, Shimada O, 
Kobayakawa T, Nakanishi M. The 
protective effect of tinoridine against 
carbontetrachloride hepatotoxicity. Toxicol 
Appl Pharmacol. 1980;52:407-               
413. 

30. Slater TF. Free- radical mechanisms in 
tissue injury. Biochem J. 1984;222:1-15. 
Aggarwal BB, Shishodia. Molecular targets 
of dietary agents for prevention and 
therapy of cancer, Biochem Pharmacol 
2006;71:1397. 

31. Naresh Singh Gill, Rashmi Arora and Shiv 
Ranjan Kumar. Evaluation of Antioxidant, 
Anti-inflammatory and Analgesic Potential 
of the Luffa acutangula Roxb. Var. amara, 
Res. J. Phytochem., 5 (4): 201-208, 2011. 

32. Muhammad Shoaib Akhtar, Aamna 
Habib, Amanat Ali, Sajid Bashir. Isolation, 
identification, and in vivoevaluation of 
flavonoid fractions of chloroform/methanol 
extracts of Rheum emodi roots for their 
hepatoprotective activity in Wistar rats. 
International Journal of Nutrition, 
Pharmacology, Neurological Diseases. 
2016; Vol 6 Issue 1, 28-34. 

33. Mehmet Ozturk, Fatma Aydogmus Ozturk, 
Mehmet Emin Duru, Gulactı Topcu. 
Antioxidant activity of stem and root 
extracts of Rhubarb (Rheum ribes): An 
edible medicinal plant. Food Chemistry 
103 (2007) 623–630. 

 

© 2021 Abid et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/80322 

https://www.ijnpnd.com/searchresult.asp?search=&author=Muhammad+Shoaib+Akhtar&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijnpnd.com/searchresult.asp?search=&author=Aamna+Habib&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijnpnd.com/searchresult.asp?search=&author=Aamna+Habib&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijnpnd.com/searchresult.asp?search=&author=Amanat+Ali&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijnpnd.com/searchresult.asp?search=&author=Sajid+Bashir&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://creativecommons.org/licenses/by/2.0

