
potential (MMP), induction of caspases mediated DNA 
fragmentation and cell cycle arrest, as a result of CCl4 
treatment, were also blocked by NG. The protection 
afforded by NG seemed to be mediated by activation of 
cyclic adenosine monophosphate (cAMP) synthesis and 
inhibition of phospholipases (cPLA2). 
CONCLUSION: NG exerts a protective effect on 
CYP2E1-dependent CCl4 toxicity via  inhibition of lipid 
peroxidation, followed by an improved intracellular 
calcium homeostasis and inhibition of Ca2+-dependent 
proteases. 

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Natural products from plant sources have extensive past 
and present use in treatment of  diverse diseases and 
serve as compounds of  interest both in their natural 
form and as templates for synthetic modification. The 
importance of  natural products in modern medicine 
has been well recognized. More than 20 new drugs, 
launched world over between 2000 and 2005, originate 
from natural products. Scrutiny of  medical indications 
by source of  compounds has demonstrated that natural 
products and related drugs are used to treat 87% of  
all categorized human diseases (infectious and non-
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Abstract
AIM: To evaluate the protective effect of 2'-p-hydroxy
benzoylmussaenosidic acid [negundoside (NG), against 
carbon tetrachloride (CCl4)-induced toxicity in HuH-7 
cells. 
METHODS: CCl4 is a well characterized hepatotoxin, 
and inducer of cytochrome P450 2E1 (CYP2E1)-mediated 
oxidative stress. In addition, lipid peroxidation and 
accumulation of intracellular calcium are important 
steps in the pathway involved in CCl4 toxicity. Liver cells 
(HuH-7) were treated with CCl4, and the mechanism of 
the cytoprotective effect of NG was assessed. Silymarin, 
a known hepatoprotective drug, was used as control.
RESULTS: NG protected HuH-7 cells against CCl4 

toxicity and loss of viability without modulating CYP2E1 
activity. Prevention of CCl4 toxicity was associated with a 
reduction in oxidative damage as reflected by decreased 
generation of reactive oxygen species (ROS), a decrease 
in lipid peroxidation and accumulation of intracellular 
Ca2+ levels and maintenance of intracellular glutathione 
homeostasis. Decreased mitochondrial membrane 
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infectious)[1].
Vitex negundo (verbenaceae) is an important source 

of  such natural drugs. It is a reputed medicinal herb 
and its parts have been employed as a traditional 
cure in Asian systems of  medicine (Indian, Chinese, 
Malaysian) for a variety of  disease conditions. A number 
of  pharmacological activities have been attributed to  
V. negundo, such as: analgesic and anti-inflammatory 
activity[2], enzymes inhibition[3], nitric oxide scavenging 
activity [4], snake venom neutralization activity [5], 
antifeeding activity[6], antiradical and antilipoperoxidative[7], 
CNS activity [8], hepatoprotective activity [9], anti-
bacterial activity[10], anti-fungal[11], larvicidal activity [12], 
antiandrogenic effects[13], mosquito repellent activity[14].

In the recent past, some of  our work and work 
as reported by others on botanical products from 
V. negundo have shown a promising hepatoprotective 
activity[9,15]. This activity has been evaluated against 
various hepatotoxic agents including carbon tetrachloride 
(CCl4). CCl4 is a well established and widely used 
hepatotoxin and the principle cause of  CCl4-induced 
liver injury is proposed to be lipid peroxidation by free 
radical derivatives of  CCl4. CCl4 is activated by NADH-
CYP 450 2E1 system of  the liver endoplasmic reticulum 
and converted into trimethyl CCl3 radicals (via reductive 
dehalogenation) and, under aerobic conditions, in the 
more reactive trichloromethyl peroxy radical CCl3OO*. 
Formation of  the radicals CCl3

* and CCl3OO* causes 
oxidative stress. The CYP 2E1-mediated metabolism 
results in generation of  reactive oxygen species, which 
further contributes to the development of  cellular 
injury[16]. Also, considerable evidence suggests that CCl4 
modifies the expression levels of  several pro-apoptotic 
and anti-apoptotic growth factors and receptors[17] 
especially during chronic administration. CCl4 has been 
shown to be a carcinogen and has been classified as 
a group 2B carcinogen by inducing gene conversion, 
homozygosity and intra-chromosomal recombinations[18].

It was, therefore, our interest to investigate, in-depth, 
the mechanism of  modulation of  CCl4-induced toxic 
manifestations with 2'-p-hydroxybenzoylmussaenosidic 
acid [negundoside (NG)] (a purified irridoid glycoside 
from leaves of  Vitex negundo), particularly inhibition of  
downstream CYP 2E1 cascade of  pro-apoptotic events 
with reference to the following: (1) role of  CYP 450 
2E1 activation on calcium-mediated oxidative stress; (2) 
involvement of  calcium in phospholipase A2 (PLA2) 
and cyclic adenosine monophosphate (cAMP) regulation; 
(3) effect of  activated cPLA2 on mitochondrial 
depolarization, inducing cytochrome C release resulting 
in caspase mediated apoptosis.

MATERIALS AND METHODS
Chemicals
DMEM F12 medium, Fetal calf  serum, trypsin-EDTA 
solution, 2′, 7′-dichlorofluoresceine diacetate (DCF-DA), 
rhodamine-123 (Rh-123), propidium iodide (PI), DNase-
free RNase, proteinase K, 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), Hoechst 33258, 

cyclosporine A, penicillin, streptomycin, l-glutamine, 
pyruvic acid, camptothecin, malondialdehyde (MDA) 
and other biochemicals were purchased from Sigma 
Chemicals Co. (St. Louis, Mo). Caspase-3 (ApoAlert 
caspases assay kits) were from B.D. Clontech, USA. 
Phospholipase A2 (PLA2) and cycl ic adenosine 
triphosphatase (cAMP) were measured by commercially 
available kits from Cyman company, USA, and R&D 
systems, USA respectively. Protein concentration was 
measured using the BCA Protein Assay Kit from Pierce 
(Rockford, IL, USA).

Collection and identification of test material
Aerial parts of  the plant Vitex negundo Linn were 
collected locally during August to October. Plant 
material was identified and authenticated by examination 
of  the morphological characteristics by taxonomist of  
the Institute. A voucher specimen has been deposited in 
Indian Institute of  Integrative Medicine (I.I.I.M.) Jammu 
Herbarium under collection No. 17814.

Extraction procedure for preparation of NG
The shade dried and powdered leaves (1 kg) of  V. 
negundo were soaked in ethanol (5 L) and kept overnight. 
The percolate was filtered and concentrated under 
reduced pressure at below 50℃. The extract ion 
procedure was repeated three times more using 3 L of  
ethanol each time. The combined ethanol extract was 
stirred with water (300 mL) for 1 h and filtered through 
Celite. The aqueous extract was concentrated at 50℃ 
and finally dried in vacuum desiccators.  

Isolation of NG
The ethanol extract (50 g) of  V. negungo was adsorbed 
over silica gel (100 g) to make slurry which was packed 
over a column of  silica gel (1 kg) packed in chloroform. 
Elution was done with chlorofor m fol lowed by 
mixture of  chloroform and methanol. Elution with 
10% methanol in chloroform gave agnuside followed 
by mixture of  agnuside and negundoside and then 
negundoside. The compounds were characterized on the 
basis of  1HNMR, 13CNMR mass spectral data (data not 
shown) and standardized by HPLC (Figure 1). 

Cell culture
The study was carried out using as a model a human 
hepatoma HuH-7 cells line (ATCC-USA), a generous gift 
from Dr. Vijai Kumar, International Centre for Genetic 
Engineering and Biotechnology (ICGEB), New Delhi, 
India. Cells were grown in Dulbecco's Modified Eagle's 
Medium (DMEM) containing 10% fetal calf  serum (FCS), 
supplemented with 100 Units/mL penicillin, 100 mg/L 
streptomycin in a humidified atmosphere in 5% CO2 at 
37℃, and were sub-cultured at 1:5 ratio once a week.

Cell treatment
FCS was reduced to 3% for the experiments. Cells 
were plated at a density of  3 × 104 cells/cm2 and 
maintained in culture medium for 12 h. Stock solutions 
of  CCl4, NG and silymarin were prepared fresh to avoid 
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oxidation. For CCl4 toxicity experiments, test substances, 
were added to the cell cultures an hour prior to CCl4 

treatment. Cells or supernatant were then collected for 
determination of  various parameters.

Cytotoxicity assays
Cells were seeded onto 24-well plates, and after the 
corresponding treatment, the medium was removed and 
cell viability was evaluated by assaying for the ability 
of  functional mitochondria to catalyze the reduction 
of  MTT to form formazan salt by mitochondrial 
dehydrogenases, as described [19] and determined by 
ELISA reader at 565 nm (Multiskan Spectrum; Thermo 
Electron Corporation, USA). 

Cellular and nuclear morphology
The cellular and nuclear morphology was observed 
under the light microscope (Nikon Eclipse TE2000U), 
at 40 × magnification, or under fluorescent microscopy, 
using Hoechst 33 258 staining method as described[20] 
with certain modifications. Briefly, untreated and 
treated HuH-7 cells in 6 well plates were harvested by 
trypsinization, centrifuged at 100 × g for 5 min and 
washed twice with PBS. Cells were gently suspended 
in 100 μL PBS and fixed in 400 μL cold acetic acid: 
methanol (v/v = 1:3) overnight at 4℃. Cells were washed 
again in 1 mL of  fixing solution, suspended in the residual 
volume of  about 50 μL, spread on a clean slide and dried 
overnight at room temperature. One milliliter of  staining 
solution (Hoechst 33 258, 10 mg/L in 0.01 mol/L citric 
acid and 0.45 mol/L disodium phosphate containing 0.05% 
Tween 20) was poured on each slide and stained for  
30 min under subdued light at room temperature. Slides 
were washed under gentle flow of  tap water, rinsed in 
distilled water followed by in PBS. While wet, 50 μL of  
mounting fluid (PBS:glycerol, 1:1) was poured over the 
center of  slide and covered with glass cover slip. The 

slides were sealed with nail polish and observed for any 
nuclear morphological alterations and apoptotic bodies 
under inverted fluorescence microscope (Nikon Eclipse 
TE2000U, magnification 40X) using UV excitation.

Anti-hemolytic activity
Anti-hemolytic activity of  NG and silymarin was studied 
as described[21]. Briefly, blood was collected from healthy 
volunteers and centrifuged (3000 r/min) with an equal 
volume of  sterilized Alsver solution (2% dextrose, 0.8% 
sodium citrate, 0.05% citric acid, and 0.42% sodium 
chloride in water) to obtain the packed cells. The cells 
were washed with isosaline (0.85%, pH 7.4) and diluted 
with phosphate buffer (0.15 mol/L, pH 7.4). RBCs  
(108 cells/mL) were incubated with triton × 100 (1 g/L) 
to induce 100% cell lysis, in absence and presence of  
test materials at 37℃ for 1 h. The A of  the supernatant 
was determined at 540 nm. 
	
CYP2E1 catalytic activity assay
CYP2E1 ac t iv i t y was de te r mined by a s say ing 
P-nitrophenol hydroxylation in rat liver microsomes 
prepared by calcium precipitation method as described 
earlier[22]. In brief, 1 mg microsomes in presence and 
absence of  test material caused hydroxylation of  100 
mmol/L aniline hydrochloride in presence of  30 mmol/L  
cumene hydroperoxide in 0.1 mol/L Tris buffer, pH 
7.5. Liberated p-aminophenol was treated with 1 mL of   
1 mol/L Na2CO3 and 1 mL of  2% phenol solution in 
0.5 mol/L NaOH. The samples were allowed to stand at 
room temperature for 30 min and read at 630 nm.

Lipid peroxidation analysis
Cells were plated onto 60 mm Petri dishes, and at the 
end of  the treatment they were washed twice in cold 
PBS and harvested using rubber policeman in 1 mL 
PBS. To the resulting cell suspension, we added 2 mL 
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of  TCA-TBA reagent (15% TCA + 0.375% TBA in  
5 mol/L HCl) in glass tubes. Tubes were kept in a 
boiling water bath (100℃) for 1 h, and then cooled to 
room temp. The contents were centrifuged at 1500 × g 
for 10 min. Absorbance of  the supernatants was read 
at 535 nm against blank. Malonyldialdehyde (MDA) 
was used to draw the standard curve. The results were 
expressed as nmoles MDA/mg protein.

In other set of  experiments, 1 g/L of  rat liver 
microsomes in 0.15 mol/L NaCl were incubated with  
0.1 mmol/L FeSO 4 and 35 mmol/L H2O 2 in the 
presence and absence of  test materials to stimulate lipid 
peroxidation. Generation of  MDA was determined 
by assaying for thiobarbituric acid-reactive substances 
(TBARS) as described[22]. 

Determination of glutathione levels
Cells were seeded onto 60 mm Petri dishes and 
collected after the corresponding treatments. The 
total GSH content (reduced form) of  samples was 
assayed as described[23]. Briefly, after treatments, cells 
were washed with ice cold PBS containing 10 mmol/L 
EDTA and centrifuged at 1500 × g. The cell pellets 
were resuspended in PBS/EDTA solution with 35% 
perchloric acid. The cell suspensions were kept on 
ice for 10 min and vortexed in between 5 times. Cell 
suspension was centrifuged at 13 000 r/min for 10 min 
at 4℃. The supernatant was transferred to fresh tubes 
and the pH adjusted to 7 with triethanolamine, 1 mol/L,  
K2CO 3 1.65 mol/L and EDTA 30 mmol/L. The 
contents were centrifuged at 13 000 r/min for 10 min. 
To the 50 μL of  the supernatant, we added 1850 μL of  
PBS/EDTA solution and 100 μL of  o-phthaldehyde  
(1 g/L in methanol). The samples were incubated in 
the dark for 20 min and read at 350 nm (excitation) and  
420 nm (emission) with a fluorescent spectrofluorometer 
(Perkin Elmer; LS-55).

Determination of cytochrome C by HPLC
Cytochrome C was determined as described[24]. Briefly, 
the reaction medium (2.5 mL) containing mitochondria 
(1 mg protein/mL) was 0.2 mol/L sucrose, 1 mmol/L 
KH2PO4, 5 mmol/L succinate, 2 μmol/L rotenone, 
10 mmol/L Tris-MOPS, pH 7.3 at 25℃. Mitochondria 
were preincubated with test materials [NG, silymarin 
and cyclosporin A (CsA; 0.2 μmol/L)] for 10 min, and 
then in presence of  CCl4 (2 mmol/L) for 30 min. After 
incubation, aliquots of  mitochondrial suspensions 
were centrifuged at 11 000 × g for 8 min to obtain 
the supernatant. Finally, the supernatant (50 μL) was 
introduced into an HPLC system equipped with a 
reverse-phase C4 Cosmosil column (150 mm × 4.6 mm, 
5-μm particle size, equipped with a UV-visible detector 
(393 nm). The column (Spelco; Supercosil LC-304; 
24 μm × 4.6 μm × 5 μm) was eluted with a linear 
gradient of  acetonitrile-water (solvents modified with 
0.1 mL/L trifluoroacetic acid); the gradient started at 
20% acetonitrile and changed to 60% during 12 min and 
the flow rate was 1.0 mL/min. The column was then 

washed with the 60% acetonitrile for 5 min followed by 
reequilibration for 5 min in the 20% acetonitrile.

Preparation of rat liver mitochondria
Mitochondria from livers of  rats (Wistar) were prepared 
as described[25]. In brief, rat livers were washed once 
with physiological saline, dissected and washed twice 
in cold isolation solution (200 mmol/L D-mannitol,  
70 mmol/L sucrose, 2 mmol/L HEPES, 0.5 g/L BSA). 
Dissected livers were minced with two volumes of  
isolation solution and homogenized (IKA homogenizer-
WERK, Ultra Turrax, T 25 B). The homogenate was 
diluted with 7 volumes of  isolation buffer and centrifuged 
for 10 min at 560 × g. The supernatant collected was again 
centrifuged for 15 min at 7000 × g. The mitochondrial 
pellet was collected and resuspended in 2.5 volumes of  
isolation solution and stored at -80℃ until use.

Measurement of intracellular calcium
Intracellular calcium levels were determined with the 
fluorescent calcium indicator fura2-AM by ratiometric 
fluorimetry as described[26]. HuH-7 cells were detached 
from the plate using HBSS buffer (118 mmol/L NaCl, 
4.6 mmol/L KCl, 10 mmol/L glucose, 20 mmol/L Hepes, 
pH 7.2) containing 0.02% EDTA, resuspended in HBSS 
with 1 mmol/L CaCl2, and incubated with 1 μmol/L  
fura2-AM in the dark for 1 h at 37℃. Cells were washed 
with HBSS/CaCl2, and resuspended in HBSS/CaCl2 at 
a density of  1 × 106 cells/mL. EGTA (10 mmol/L) was 
added at the beginning of  the experiment, followed by 
a 60 s-equilibration period[27]. Intracellular free calcium 
measurements were performed at 37℃ using a ratiometric 
fluorescence spectrophotometer (Perkin-Elmer LS 
50B). Intracellular Ca2+ concentration was estimated 
as described[28] based on the equation: [Ca2+]i = Kd[(R-
Rmin)/(Rmax-R)]Fmin(380)/Fmax(380), where R is F340/F380 ratio, 
Rmin and Rmax are the ratios with 50 mmol/L digitonin, and 
50 mmol/L digitonin + 11 mmol/L CaCl2, respectively. 
Kd represents the apparent dissociation constant of  Fura-2 
(224 nmol/L) and Fmin(380)/Fmax(380) are the fluorescence 
values of  digitonized cells without or with 11 mmol/L 
CaCl2, respectively.

Flow cytometric analysis of mitochondrial membrane 
potential (∆ψm)
Changes in the mitochondrial membrane potential (∆ψm)  
were examined by monitoring the cell fluorescence after 
staining with rhodamine 123 (Rh123) as described[29]. 
Rh123 is a membrane permeable fluorescent cationic 
dye that is selectively taken up by mitochondria directly 
proportional to the MMP[30]. The intensities from Rh123 
and PI were determined using a BD-LSR flow cytometer 
equipped with electronic doublet discriminating capability.

Intracellular measurement of reactive oxygen species 
(ROS)
The production of  ROS was monitored with DCF-
DA as the probe[31]. DCF-DA diffuses through the 
cell membrane and is enzymatically hydrolyzed by 

3696      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     June 21, 2008    Volume 14     Number 23

www.wjgnet.com



intracellular esterases to nonfluorescent DCF-H, which 
is then rapidly oxidized to the highly fluorescent DCF 
in presence of  ROS. Treated and non-treated HuH-7 
cells were incubated for 1 h with DCF-DA (2 μmol/L) 
and, after the washing of  cells, the production of  free 
radicals were assessed in situ as the enhancement of  
fluorescence at excitation wavelength of  500 nm and 
emission wavelength of  520 nm and was measured in a 
fluorescent plate reader (Perkin Elmer LS 55, USA). 
	
Measurement of intracellular H2O2
Intracellular H2O2 levels were analyzed using 123 
dihydrorhodamine (123-DHR) as specific fluorescent dye 
probe as described by Katiyar et al with modifications for 
HuH-7 cells[32]. Briefly, non-treated and treated HuH-7 
were washed twice with PBS and incubated in the 
culture medium without FCS and loaded with 123-DHR 
(5 μmol/L). Cells were further incubated for 45 min 
to irreversibly oxidize and convert DHR to fluorescent 
compound rhodamine 123 and fluorescence was read 
with aid of  spectrofluorometer (Perkin Elmer LS 55, 
USA) with excitation wavelength 485 nm and emission 
wavelength of  530 nm. The cells for fluorescent-based 
assays were grown onto sterile black fluorescent plates (96 
well format; Nunc, Denmark). 

Cell cycle analysis (apoptosis)
Cell cycle was analysed as described by Yang et al[33]. 
Briefly, non-treated and treated HuH-7 cells were 
harvested by trypsinization, centrifuged at 1500 × g for 5 
min, washed with PBS, and fixed in 70% ethanol at 4℃ 
overnight. Fixed cells were washed twice with PBS and 
incubated in PBS containing 1.5 mg/L RNase A for 1 h  
at 37℃, followed by staining with 5 μL PI (1 mmol/L 
stock) for 20 min on ice. The cells were analyzed for DNA 
content using BD-LSR flow cytometer equipped with 
electronic doublet discrimination capability using blue  
(488 nm) excitation from argon laser. Data were collected 
in list mode on 10 000 events for FL2-A vs FL2-W.

DNA laddering
DNA fragmentation was analysed as described by Yang 
et al[33]. Briefly, HuH-7 cells treated or untreated were 
harvested and centrifuged at 1500 × g for 5 min. After 
washing twice with PBS/ethylenediamine-N, N, N', N'-
tetraacetic acid (EDTA). Cells were incubated in a lysis 
buffer [0.5 mL/L Triton X-100, 10 mmol/L EDTA, 
0.4 g/L proteinase K, and 10 mmol/L Tris-HCl, pH 
7.4] at 56℃ for 1 h. Cell lysate was treated with 0.4 g/L 
RNase at 37℃ for 30 min. The genomic DNAs were 
purified by phenol/chloroform extraction and ethanol 
precipitation, and resuspended in a Tris-EDTA buffer, 
DNA fragments were stained with ethidium bromide 
and visualized by 2.5% agarose electrophoresis.

Enzymic assay of caspase 3-activity 
Caspase activation was measured using a caspase 3 
fluorometric assay kit (BD Apoalert caspase 3 fluorescent 
assay kit). HuH-7 cells, treated or untreated were 
harvested, and centrifuged (approximately 1 mg protein) 

at 400 × g for 5 min. The cell pellets were re-suspended 
in 50 μL of  chilled cell lysis buffer and incubated on ice 
for 10 min, and the lysates were centrifuged at 15 000 × g  
for 10 min at 4℃ to precipitate cellular debris. A total 
of  50 μL of  cell lysates was incubated with 50 μL of  
reaction buffer/DTT mix. DEVD-CHO was used as an 
inhibitor of  caspase 3 in an induced sample. Five μL of  
1 mmol/L caspase-3 substrate (DEVD-AFC at a final 
concentration of  50 μmol/L) was added to each sample. 
The samples were incubated at 37℃ for 1 h and read on a 
spectrofluorometer (Perkin Elmer LS 55) with excitation 
wavelength 400 nm and emission wavelength of  505 nm. 

Cytosolic phospholipase A2 assay
cPLA2 activity was measured in cell lysates, using cPLA2 

assay kit (Cayman Chemical Company cPLA2 assay kit) 
as per the instructions of  the supplier. The kit involves 
the principle that cPLA2 exhibits specificity towards 
arachidonic acid. Arachiconyl thio-PC is used as a 
synthetic substrate to detect the phospholipase activity. 
Hydrolysis of  the arachiconoyl thioester bond at the sn-2 
position by cPLA2 releases free thiol which are detected 
by DTNB (5, 5'-dithiobis-2-dinitrobenzoic acid). 

Adenosine 3', 5'-cyclic monophosphate (cAMP) assay
cAMP activity was measured in the cell lysates, using 
cAMP assay kit (R&D Systems, Inc, cAMP assay kit) 
as per the instructions of  the supplier. The kit is based 
on the competitive binding technique in which cAMP 
present in a sample competes with a fixed amount of  
horseradish peroxidase (HRP)-labeled cAMP for sites on 
a mouse monoclonal antibody. During the incubation, 
the monoclonal antibody becomes bound to the goat 
anti-mouse antibody coated onto the microplate. 
Following a wash to remove excess conjugate and 
unbound sample, a substrate solution is added to the 
wells to determine the bound activity. The colour 
developed was stopped and the absorbance read at 450 
nm. The intensity of  the colour is inversely proportional 
to the concentration of  cAMP in the sample.

2, 2'-azino-di-[3-ethylbenzthiazoline sulphate] oxidation 
inhibition assay (ABTS assay)
The assay was performed using antioxidant assay kit 
from Cayman Chemical Company, as per the instructions 
by the manufacturer. The assay was used to access the 
ability of  the test materials (NG, Silymarin etc) to inhibit 
the oxidation of  ABTS to ABTS.+ by metmyoglobin. 
The amount of  ABTS .+ produced in absence and 
presence of  test material was monitored by reading 
absorbance at 750 nm. Suppression of  the absorbance 
at 750 nm in presence of  test material is proportional to 
their antioxidant activity. The capacity of  the antioxidant 
activity (inhibition of  ABTS.+ formation) in the test 
sample was compared with that of  Trolox, a water-
soluble tocopherol analogue.

1,1-diphenyl-2-picrylhydrazyl (DPPH) discolouration 
assay
This assay was performed as described by Gonzalez  
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et al[34]. In brief, for the assay, various concentrations of  
test compound were added to 3 mL of  DPPH solution 
(20 mg/L methanol) and incubated for 5 min at 25℃. 
The absorbance was measured al 517 nm. A 100% 
decoloration was established using methanol-water 2:1 
and the percentage of  DPPH decoloration was calculated.

Superoxide anion scavenging activity
In vitro effect of  NG on superoxide anion radical 
generation was studied as described previously[35]. Two 
reaction systems used were: (a) enzymic ; (b) non-
enzymic. System (a) comprised of  100 μmol/L xanthine, 
600 μmol/L nitroblue tetrazolium (NBT) and 0.07 U/mL  
xanthine oxidase in 50 mmol/L sodium carbonate 
pH 9.2, incubated for 10 min in presence and absence 
of  test materials and A read at 560 nm. System (b) 
comprised of  10 μmol/L phenazine methosulphate,  
78 μmol/L NADH, 25 μmol/L NBT, incubated for  
2 min in presence and absence of  test materials and A 
read at 560 nm. 

Protein estimation
Protein concentration was measured with BCA Protein 
Assay Kit from Pierce (Rockford, IL, USA) as per the 
instructions of  the manufacturer.

Statistical analysis
Results are expressed as mean ± SD. Comparisons 
were made between control and treated groups unless 
otherwise indicated using unpaired Student's t-test and  
P values < 0.05 were considered statistically significant.

RESULTS
Standardization of NG
For better scientific and clinical acceptability and proper 
global positioning of  plant based products, it has 
become implicit to determine their chemical profile data 
on the basis of  purity of  compound. In this respect we 
have developed the HPLC protocol for NG (Figure 1). 
HPLC profile confirmed that NG was isolated as < 95% 
pure.

Cytoprotective and membrane stabilizing effect of NG 
and silymarin against CCl4-induced cytotoxicity in HuH-7 
cells
CCl4 produced a concentration dependent loss of  viability 
in HuH-7 cells as evaluated by MTT assay. At 24 h of  
incubation, the IC50 value of  CCl4 was found to be  
2 mmol/L approximately (1.958 mmol/L; Figure 2A). 
This concentration was used to generate oxidative stress 
to study the cytoprotective effect of  NG and silymarin in 
further experimentations. NG alone was not toxic under 
the assay conditions up to a concentration of  400 mg/L. 
However, silymarin at concentrations above 50 mg/L 
produced loss of  cell viability, with an estimated IC50 
value of  413.38 mg/L (Figure 2B). 

To characterize the protective effect of  NG and 
silymarin on CCl4 induced cytotoxicity in HuH-7 cells, 

dose-response experiments were conducted using 
various concentrations of  NG and silymarin. NG 
showed a significant dose dependent protective effect 
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with indicated concentrations of test materials. Cell proliferation was assessed 
by MTT reduction assay. A, B: Represents inhibition of cell proliferation by 
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by MTT reduction assay. Control wells received medium containing DMSO (<  
0.2 mL/L). The % cell cytoxicity, % viability and % cytoprotection was 
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against CCl4 induced loss of  cell viability. The PC50 (50% 
protective concentration) for NG was estimated to be 
24.46 mg/L and 15.30 mg/L for silymarin (Figure 2C). 

Results obtained from MTT assay were in total 
correlation with the extent of  cell death as confirmed by 
morphological changes observed under light microscope 
and Hoechst 33 258 staining under f luorescence 
microscopy (Figure 3). Treatment with CCl4 caused 
HuH-7 cells to lose their normal structure with signs 
of  cell swelling, most of  the cells were detached and 
monolayer was disturbed (Figure 3ⅠA compared with 
Figure 3ⅠB). These structural changes were prevented 
to a large extent by 30 and 100 μg/mL of  NG and were 
comparable with the protection offered by silymarin at 
50 mg/L (Figure 3ⅠC-F). 

Nucle i o f  unt rea ted HuH-7 ce l l s appeared 
prominently round in shape (Figure 3 ⅡA). After 
exposure with CCl4, cells showed morphological 
alterations and condensation of  nuclei (Figure 3 ⅡB). 
The prominent changes were accompanied by an 
increase in apoptotic bodies and increase in cellular 
debris. All these alterations were prevented by co-
exposure with NG and silymarin in a dose dependent 
manner (Figure 3ⅡC-E).

The above mentioned cytoprotective results were 
further correlated with the membrane stabilizing effect 
of  NG and silymarin against Triton X 100 (1 g/L)-
induced membrane disruption in human RBCs. NG 
showed an effect in the range of  4% to 91% in a 
concentration dependent manner (5 mg/L to 100 mg/L) 
against a protective effect of  6% to 88% at the same 
concentration, shown by silymarin (Figure 4).

Effect of NG and silymarin on CYP2E1 catalytic activity
To study the mechanism by which NG was preventing 
CCl4-induced toxicity in HuH-7 cells, the possible 
interference of  NG and silymarin on CYP2E1 activity 
(aniline hydroxylation) was studied. Hepatic microsomes 
from Wistar rats were used as a source to assay  
in vitro effect of  NG and silymarin on CYP2E1 levels  
(Figure 5A). In another set of  experiments, the CYP2E1 
protein levels were analyzed to assay the protective effect 
of  NG and silymarin against oxidation of  2.5 mmol/L 
ethanol (Figure 5B). 

NG alone showed no significant effect on aniline 
hydroxylation levels at any concentrations used (5 to 100 
mg/L), whereas silymarin produced an inhibitory effect 
in the range of  2.6% to 26.2% at the same concentrations 
(Figure 5A). Isoniazid (used as a positive control for 
inhibition of  CYP2E1) showed a dose dependent 
inhibition, with IC50 at 500 μmol/L (data not shown).

Treatment of  microsomes with 2.5 mmol/L ethanol 
caused an increase of  63% in aniline hydroxylation levels. 
Co-treatment of  NG with ethanol showed no inhibitory 
effect on aniline hydroxylation levels induced by ethanol. 
However, silymarin caused inhibitions of  8.4%, 41%, 76% 
and 149% at 10 mg/L, 25 mg/L, 50 mg/L and 100 mg/L, 
respectively in aniline hydroxylation levels compared to 
microsomes treated with ethanol alone (Figure 5B). 

The results (Figure 5 A and B) show that NG did not 

inhibit CYP2E21 activity, suggesting that NG is most 
probably acting as an antioxidant, and not as a CYP2E1 
inhibitor and silymarin acts both as an antioxidant, and 
an inhibitor of  CYP2E1. 

Effect of NG and silymarin on FeSO4 + H2O2 stimulated 
lipid peroxidation (LPO) in rat liver microsomes and on 
CCl4 induced LPO in HuH-7 cells
FeSO4 + H2O2 increased LPO in rat liver microsomes 
by 6.8-fold. Incubation with NG (10 to 100 mg/L) 
decreased in a range of  3% to 69%, this increase in 
LPO levels (Figure 6A). Silymarin at the equivalent 
concentrations showed an enhanced inhibitory effect 
of  21% to 111%. Treatment of  HuH-7 cells with CCl4, 
increased LPO levels up to 4.6-fold. NG offered a 
protective effect against this increase by 10.4%, 21%, 
39%, 54% and 131% at 5 mg/L, 10 mg/L, 25 mg/L, 
50 mg/L and 100 mg/L, respectively. At similar 
concentrations, silymarin produced respective inhibitory 
effects of  17%, 32%, 64%, 146% and 164% (Figure 6B).  

Effect of NG and silymarin on the ROS generation 
induced by CCl4
Oxidative stress was studied by fluorescence spectro-
photometrical analysis of  the levels of  ROS, using 
DCF-DA and DHR as the probes. Figure 7 shows the 
mean values of  DCF and DHR fluorescence for cell 
populations with various treatments. Treatment with 
CCl4, increased by 2.1 (DCF) and 2.2-fold (DHR) the 
production of  ROS in HuH-7 cells in comparison with 
no addition control. NG and silymarin (10 to 100 mg/L) 
reduced the increase in the ROS levels produced by CCl4 
in a significant and dose dependent manner. NG at 10 
mg/L decreased DCF fluorescence intensity by 32% and 
DHR by 52%. At 50 mg/L, DCF and DHR intensities 
were decreased by 76% and 105%, respectively. At  
100 mg/L, both the fluorescence intensities were down 
by 104% and 143%. H2O2 (500 μmol/L) was used as 
positive control for ROS generation.

Effect of NG and silymarin on intracellular Ca2+ and 
caspase 3 levels induced by CCl4
Intracellular Ca2+ and caspase 3 levels were increased 
significantly by CCl4 treatment, which reflects the 
requirement of  Ca2+ and caspase 3 in the overall toxicity 
pathway of  CCl4 (Figures 8 and 9). CCl4 caused an 
increase of  4.8-fold in Ca2+ and 2.3-fold in caspase 3 
levels in HuH-7 cells. This abnormal rise in Ca2+ levels 
were decreased by NG by 15%, 72% and 106% and 
caspase 3 levels were decreased by 16%, 92% and 139% 
at 10 mg/L, 50 mg/L and 100 mg/L, respectively. 
Silymarin also showed a dose dependent inhibitory 
effect on Ca2+ and caspase 3 levels increased by CCl4. 
The effect was 28%, 114% and 207% in Ca2+ levels 
at 10 mg/L, 50 mg/L and 100 mg/L, and 34% and 
160% in caspase 3 levels at 10 mg/L and 50 mg/L, 
respectively. However at 100 mg/L, silymarin showed 
a less significant effect (28% decrease). Thus, silymarin 
showed a higher Ca2+ inhibitory effect compared to 
NG, but less caspase 3 inhibition at concentrations 
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(inducer, 4 μmol/L) and DEVD-CHO (inhibitor,  
20 μmol/L) were used as positive controls.

above 50 mg/L. Cyclosporine (10 μmol/L) was used as 
positive control for Ca2+ inhibition and camptothecin 

Figure 3  Effect of NG and silymarin against CCl4-induced altered cellular and nuclear morphology of HuH-7 cells. NG and silymarin rescued CCl4-induced cellular 
(Ⅰ) and nuclear morphological (Ⅱ) changes. Cellular morphology was observed by normal phase contrast microscopy, while as nuclear morphology was evaluated 
by Hoechst 33258 staining of HuH-7 cells and observed under fluorescence microscopy as described in Materials and Methods. These methods detected influences 
of  CCl4 on cellular and nuclear changes. A: Untreated control cells show normal cellular characteristics and rounded nuclei; B: Cells treated with CCl4 (2 mmol/L) for 
24 h show altered membrane structure and condensed chromatin/nuclei, apoptotic (arrows) and scattered apoptotic bodies; C: Cells incubated with NG (30 mg/L); D: 
Cells incubated with NG (100 mg/L); E: Cells incubated with silymarin (50 mg/L), 1 h before the treatment with CCl4 showed protection against CCl4-mediated cellular 
and nuclear alterations.
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Effect of NG and silymarin on cytochrome C release 
from isolated rat liver mitochondria induced by CCl4
Isolated rat liver mitochondria were used to study the effect 
of  NG and silymarin on cytochrome C release induced 
by CCl4 (Figure 10). CCl4 caused an increase of  2.1-fold in 
cytochrome C levels, which was inhibited by 75% and 105% 
at 50 mg/L and 100 mg/L of  NG treatment, respectively. 
Silymarin showed an effect in the range of  27% at 10 mg/L, 
135% at 50 mg/L. However at a higher concentration  
(100 mg/L), silymarin showed a biphasic effect, with a slight 
increase in cytochrome C levels compared to 50 mg/L 
(36% increase). Cyclospo-rine 5 μmol/L was used as a 
positive control for cytochrome C inhibition.

Effect of NG and silymarin on mitochondrial membrane 
permeability transition onset by CCl4 in HuH-7 cells
Oxidative damage to mitochondria and the onset of  
MMP transition seems to play an important role in CCl4-
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Figure 5  Effect of NG and silymarin in vitro on CYP2E1 catalytic activity. A: 
Rat liver microsomes were incubated in the absence or presence of different 
concentrations (5 to 100 mg/L) of test materials. CYP2E1 activity was assayed 
by following the hydroxylation of aniline hydrochloride in presence of cumene 
hydroperoxide as described in Materials and Methods section; B: Concentration 
dependent protection by NG and silymarin against alcohol (2.5 mmol/L)-induced 
aniline hydroxylase levels in rat liver microsomes. The microsomes were pre-
incubated with medium containing various concentrations (5 to 100 mg/L) 
of test materials for 5 min before addition of alcohol and aniline hydroxylase 
levels were determined. Data are expressed as mean ± SEM and are from 
a representative experiments repeated twice and conducted in triplicate. P 
values: bP < 0.001 vs the corresponding alcohol-treated microsomes; dP < 0.001 
and fP < 0.001 vs alcohol-treated cells in presence of test materials; NS: Non-
significant.
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Figure 6  Protective effect of NG and silymarin against stimulated lipid 
peroxidation. A: Anti-lipid peroxidative effect of NG and silymarin in vitro. Liver 
microsomes (1 mg protein/mL, 0.15 mol/L NaCl, pH 7.0) were incubated for 20 
min at 37℃ in the absence (control) and presence of 100 mmol/L FeSO4 +/50 
mmol/L H2O2 (stimulated). In identically set-up Fe2+/H2O2-stimulated incubations, 
NG and silymarin (20 mg/L to 100 mg/L, in 30% DMSO) were added (test C). 
Control incubations received vehicle only; B: HuH-7 cells were pre-incubated 
for 1 h with medium containing test materials (NG and silymarin) at different 
concentrations (5 mg/L to 100 mg/L). The cells were further incubated in 
absence or presence of 2 mmol/L CCl4 (stimulated) for further 24 h. The cells 
were harvested by scraping and assayed for the production of MDA using 
TBARS assay, as described under materials and methods section. Reaction 
was terminated by the addition of 2.0 mL TCA-TBA reagent (15% TCA, 0.375% 
TBA in 5mol/L HCl) and LPO content determined as nmol MDA formed/mg 
protein. Data are expressed as mean ± SD and are from representative 
experiments repeated twice and conducted in triplicate. Statistical significance, 
bP < 0.01 vs the untreated control. dP < 0.01; aP < 0.05; fP < 0.001 and NS: 
Non-significant vs stimulated (FeSO4 + H2O2 and CCl4 treatments).
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induced toxicity in HuH-7 cells. MMP transitions were 
analyzed by flow cytometry after staining with Rh123 
(Figure 11). Untreated HuH-7 cells were strong in Rh123 
fluorescence intensity, suggestive of  intact viable cells. A very 
small percentage of  cells (8%) were showing low Rh123 
fluorescence, reflective of  damaged cells. CCl4 caused a 6-fold 
increase in percentage of  cells with low Rh123 fluorescence. 
Incubation in the presence of  50 mg/L and 100 mg/L of  
NG and silymarin, respectively significantly protected HuH-7 
cells from decline in MMP produced by CCl4. 

Effect of NG and silymarin on CCl4-induced apoptosis in 
HuH-7 cells
Apoptosis was studied by internucleosomal DNA 
fragmentation analysis and cell cycle analysis by flow 

cytometry. A DNA ladder formation was found with 
cells treated with CCl4 (Figure 12). Treatment with 
NG and silymarin protected HuH-7 cells against CCl4 
induced DNA fragmentation.

In cell cycle analysis, treatment with CCl4 markedly 
increased proportion of  apoptotic cells significantly 
(49%). NG and silymarin had an obvious anti-apoptosis 
effect. As shown in Figure 13, the co-treatment with 
25 mg/L, 50 mg/L and 100 mg/L of  NG markedly 
reduced the percentage of  the apoptotic cells to 27%, 
14% and 11%, respectively. Silymarin showed a reduction 
in apoptotic cells by 21% and 9% at 25 mg/L and  
50 mg/L, respectively. At 100 mg/L, however, silymarin 
had an effect of  18% (Figure 13).

Effect of NG and silymarin on CCl4-induced alterations 
in cAMP and cPLA2 levels in HuH-7 cells
To test the effect of  CCl4-induced oxidative stress on 
cAMP levels in HuH-7 cells, we evaluated cAMP with 
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and without CCl4 and then in the presence of  CCl4 with 
NG and silymarin. As hypothesized, cAMP levels were 
significantly reduced by CCl4. Concomitant treatment of  
HuH-7 cells with NG significantly increased the levels 
of  cAMP. Similar results were evident with treatment 
with silymarin. Forskolin (100 μmol/L) was used as a 
positive inducer of  cAMP (Figure 14). On the contrary, 
phospholipase A2 levels were significantly increased with 
the CCl4 treatment (2.3-fold). NG effectively reduced 
this increase by 44% at 10 mg/L and 304% at 50 mg/L. 
Silymarin reduced these levels by 97% at 10 mg/L and 
136% at 50 mg/L. Bee venom (1 mg/L) was used as 
positive control to induce cPLA2 levels (Figure 15). 
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Figure 11  Effect of NG and silymarin against CCl4-induced loss of mitochondrial membrane potential (Δym). HuH-7 cells were pre-incubated for 1 h with test 
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Figure  12   E f fec t  o f  NG and 
silymarin against CCl4-induced 
DNA fragmentation. HuH-7 cells 
were pre-incubated for 1 h with 
test materials (NG and silymarin) 
a t  ment ioned concent ra t ions. 
The cells were further incubated 
for 24 h with CCl4 (2 mmol/L). 
Thereafter,  genomic DNA was 
extracted from cells and subjected to 
gel electrophoresis as mentioned in 
Materials and Methods section. Lanes: 
1: Control; 2: CCl4 2 mmol/L; 3: CCl4 
2 mmol/L + NG 30 mg/L; 4: CCl4 2 
mmol/L + NG 100 mg/L; 5: CCl4 2 
mmol/L+ Silymarin 50 mg/L; 6: Ladder. 
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Effect of NG and silymarin on CCl4-induced depletion of 
GSH levels in HuH-7 cells
Figure 16 depicts the effect of  CCl4 on GSH levels 
and restorative effect of  NG and silymarin in a dose-

response manner. Treatment of  HuH-7 cells with CCl4-
depleted the GSH content by 2 folds. Co-exposure 
with NG and silymarin effectively restored the depleted 
levels of  GSH in a dose response manner. Restorative 
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effect of  NG was in the range of  17% to 147% at  
5 mg/L to 100 mg/L, respectively. Silymarin showed an 
effect in the range of  23% to 152% at a concentration 
of  5 to 50 mg/L. However at higher concentration  
(100 mg/L), there was a slight decrease in this effect. BSO 
(100 μmol/L) was used as a positive inhibitor of  GSH. 

In vitro antioxidant activity of NG and silymarin
Figure 17 is representative of  anti-oxidant activity of  
NG and silymarin. NG showed a strong activity, with 
I.C. 50 values of  17.31 mg/L for DPPH, 22.75 mg/L 
for enzymatic reaction, 13.49 mg/L for non-enzymatic 
reaction and 8.71 mg/L for ABTS assay. The IC 50 
values of  silymarin for the same assays were 34.07, 
24.35, 21.10 and 12.36 mg/L respectively.

DISCUSSION
Liver cells exposed to various chemicals/drugs (pro-
oxidants) appear to be a useful in vi tr o model to 
characterize the biochemical and toxicological properties 
of  such entities, and the possible protection provided 
by added agents[36]. The main goal of  this work was 
to investigate the influence of  an irridoid glycoside 
compound negundoside (NG) on CYP2E1-mediated 
toxicity in HuH-7 cells induced by CCl4. Overall, the 
results of  the present study indicate that NG is effective 
in protecting against the toxicity and the loss of  viability 
induced by CCl4. 

The main mechanism by which CCl4 is known to 
mediate its toxic effects is through oxidative stress and 
oxidative damage due to an increased production of  
ROS[37]. Induction of  CYP2E1 by CCl4 is one of  the 
main pathways by which CCl4 increases ROS production 
and generates a state of  oxidative stress in the liver[38,39]. 
Since CYP2E1 is a key contributor to injury produced 

by CCl4, one possible mechanism involved in the 
prevention of  this toxicity by NG could have been an 
inhibition of  CYP2E1 catalytic activity. Results in this 
study indicate that NG does not affect p-nitrophenol 
metabolism by CYP2E1 in liver microsomes under the 
experimental conditions (Figure 5 A and B); therefore, 
the mechanism by which NG affords its protection 
is not by inhibition of  CYP2E1 activity. This is in 
confirmation to earlier reports in which many plant 
derived products like, Scutellariae radix [40], Humulus 
lupulus[41], green tea compounds[42] have also been shown 
to be hepatoprotective in other systems without any 
effect on CYP2E1 catalytic activity. 

Bio-metals, such as iron are powerful catalysts of  
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free radical formation and lipid peroxidation processes, 
and polyunsaturated fatty acids in cellular membranes 
(microsomes) provide basic substrates for these 
reactions[43]. Scavenging or preventing formation of  lipid 
radicals may prevent damage when cellular antioxidant 
defense mechanism is strengthened or iron overload is 
sequestered by exogenous treatment with cytoprotective 
drugs as NG. As lipid peroxidation (LPO) has been 
shown to play an important role in the ensuing toxicities 
in CYP2E1-induced conditions[44,45], in this respect, 
NG strongly inhibited lipid peroxidation promoted 
by H2O2+Fe in microsomes and CCl4 in HuH-7 cells 
(Figure 6 A and B). It has been reported that glycosides, 
such as NG, are potent cytoprotective agents against 
oxidative stress induced cytotoxicity[46]. Therefore, one 
major mechanism underlying the effectiveness of  NG in 
protecting against the CCl4-induced LPO in HuH-7 cells 
may involve its capability to prevent lipid peroxidation 
chain reactions as a consequence of  scavenging free 
radicals or chelating iron. 

Intracellular calcium has been suggested to play 
a critical role in the oxidative damage of  liver cells. 
Earlier, it has been reported that treatment of  liver cells 
with CCl4 increases calcium levels and produce cellular 
toxicity through calcium dependent pathways. Elevated 
levels of  calcium initiates a cascade of  signaling events 
leading to activation of  calcium dependent degredative 
enzymes as phospholipases A2, endonucleases, or 
proteases[47]. Our results are in corroboration with this 

and showed that CCl4-induced cell death in HuH-7 cells 
was mediated by release of  intracellular calcium with 
subsequent activation of  caspase 3 and cPLA2 (Figures 
9 and 15) and simultaneous inhibition of  cAMP levels  
(Figure 14). Increased intracellular calcium, activation 
of  PLA2 and inhibi t ion of  cAMP were a lmost 
parallel to toxicity. Oxidative stress-mediated LPO is 
suggested to be the initiator of  intracellular calcium 
release[25], which later influences down stream apoptotic 
signaling processes. cAMP levels are known to be 
regulated by catalytic activity of  adenylate cyclase 
and phosphodiesterase. Increasing concentration of  
intracellular cAMP has been directly associated with 
inhibition of  phosphodiesterase, reduced release of  ROS 
and inhibition of  chemotaxis, degranulation and cell 
death[48]. NG restored the calcium and cAMP to normal 
levels, inhibited lipid peroxidation, activated cPLA2 levels 
were inhibited and cytotoxicity was reversed without 
altering CYP2E1 levels. Therefore we hypothesize that 
NG inhibits CCl4-induced oxidative stress and, hence 
LPO, which increases intracellular calcium and PLA2 
activation and converge on mitochondria, inducing 
mitochondrial damage. All these downstream events of  
CYP2E1 mediated toxicity were effectively inhibited by 
NG, thus demonstrating its strong anti-oxidant capacity. 
We also suggest that inhibition of  intracellular calcium 
release mediated cPLA2 activation, increase in cAMP 
levels, and restoration of  MMP are the key factors in 
cytoprotection afforded by NG. Recently, it has been 
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suggested that calcium levels do not play a direct role 
in toxicity[26], but that activation of  PLA2, promotion 
of  the mitochondrial permeability transition and 
loss of  mitochondrial function, which are secondary 
manifestations of  increased calcium levels, form a 
general pathway involved in the toxicity: all these events 
were restored to normal by NG. 

As the main antioxidant inside mammalian cells, 
GSH plays a pivotal role in preventing oxidative stress 
and mitochondrial damage caused by numerous toxins[49]. 
Therefore, the effect of  CCl4 in the absence or presence 
of  NG on GSH content was evaluated. CCl4 treatment 
drastically depleted intracellular GSH in HuH-7 cells, 
an effect prevented in the presence of  NG (Figure 16). 
Accordingly, the maintenance of  intracellular GSH levels 
by NG may help in protecting against the oxidative 
toxicity induced by CCl4 in HuH-7 cells and avoid cell 
degeneration and death. Previously as well, depletion of  
GSH has been shown to enhance CYP2E1 resulting in 
CYP2E1-derived ROS leading to toxicity[50]. 

Decreased MMP has been proposed to be a key 
mechanism by which CYP2E1-dependent LPO causes 
loss in cell viability. Mitochondria are a main source 
for generating ROS and, hence, a target for damage by 
oxidative stress[51]. In this respect, CCl4 treatment caused 
a decrease in the MMP in HuH-7 cells, and this effect 
was prevented by NG as well as by silymarin (Figure 11). 
These results suggest that NG and silymarin may protect 
the cells by preventing oxidant-induced MMP transition 
leading to pathogenesis of  necrotic or apoptotic cell 
death[52]. It has been proposed earlier that mitochondrial 
injury derived from oxidative damage can lead not only 
to necrosis by depleting ATP, but also to apoptotic cell 

death by inducing the release of  mitochondrial factors 
such as cytochrome C, which activates the caspase 
cascade[53, 54]. 

Regardless of  its precise mechanism of  action, 
numerous studies in various animal models and in 
humans describe protective effects of  NG against 
oxidative stress-related disease states[2-15]. This enhances 
its potential usefulness as a preventive agent toward 
oxidative damage involved in the development of  liver 
injury caused by oxidative stress. Since NG acts as a very 
potent membrane stabilizer, it is also suggested that NG, 
may be acting as amphipathic substance, localizing near 
the membrane surface, trapping any radicals generated in 
the lipid environment of  the membranes as well as in the 
cytosol. Such localization is suggested from the fact that 
CYP2E1 is found in the microsomes, and mitochondria 
appear to be a target for the CYP2E1-mediated damage 
in the presence of  hepatotoxins such as CCl4, which was 
effectively inhibited by NG. Moreover, NG is well tolerated 
without adverse health effects by humans even after oral 
administration at high doses as evident from its use in 
Asian traditional medicine practices for various ailments. 

In conclusion, this report shows that NG can protect 
against CCl4-induced toxicity and oxidative stress. The 
mechanism of  protection involves decreased production 
of  ROS and lipid peroxidation when the CYP2E1 
mediated oxidative stress was produced in HuH-7 cells 
with pro-oxidant as CCl4. The main mechanism involved 
in the cytoprotection of  NG seems to be its ability 
to protect the mitochondria against depletion in its 
membrane potential, an event that is very critical in the 
loss of  cell viability as a consequence of  oxidative stress. 
This mechanism has been postulated in the Figure 18. NG 
has been shown to prevent CCl4-induced liver injury, which 
may be, in part, due to the protection against CYP2E1-
dependent oxidative stress as demonstrated in this study. 
NG supplementation could also prove to be protective 
against numerous toxicants that involve induction of  
oxidative stress through increased generation of  ROS.
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 COMMENTS
Background
Vitex negundo is a reputed medicinal herb of Indian sub-continent. All plant parts 
are considered important in Ayurvedic system of medicine for various indications.
Research frontiers
Several pharmacological studies validate the medicinal claims of Vitex 
negundo. Diverse chemical constituents have been reported from various parts 
of this plant which are considered responsible for its varied pharmacological 
activities. The negundoside seems to be a potential constituent that exerts a 
protective effect on CYP2E1-dependent toxicity caused by carbon tetrachloride 
(CCl4) via inhibition of lipid peroxidation, followed by an improved intracellular 
calcium homeostasis and inhibition of Ca2+-dependent proteases. 
Innovation and breakthrough
The p resen t  inves t iga t ion  shows tha t  negundos ide  i s  a  po ten t 
phytopharmaceutical that acts in a novel way in inhibiting liver toxicity by 
interfering in the key events that are the main causative factors leading to liver 

CCl4

          Mechanism of CCl4 induced oxidative stress in HuH-7 cells 
		  and protection by NG
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Figure 18  Proposed sequence of events and mechanism involved in the 
toxicity of CCl4 and cytoprotection offered by NG. CCl4 is activated by CYP 
450 2E1 system and converted into trimethyl CCl3 radicals inducing oxidative 
stress (increased ROS inducing membrane lipid peroxidation) and disturbed 
cellular Ca2+ homeostasis. Increase in intracellular Ca2+ concentrations leads to 
activation of phospholipase A2 and a decline in cAMP levels. All these signaling 
events converge onto the mitochondrial-initiating mitochondrial pore transition 
and ultimately to cellular injury. The highly increased levels of ROS is, in part, 
the consequence of the increase in Ca2+, and also as a result of mitochondrial 
permeabilization resulting in activation of Ca2+ dependent proteases. NG exerts 
a protective effect via inhibition of oxidative stress, maintenance of disrupted 
intracellular calcium homeostasis and inactivation of Ca2+-dependent proteases.
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dysfunction.
Applications
Negundoside exerts a protective action on CYP2E1-dependent oxidative stress 
and toxicity that may contribute to preventing chemically-induced liver injury, 
and may be useful in preventing toxicity by various other hepatotoxins as well.
Peer review
The authors investigated the anti-apoptotic effect of negundoside (NG), 
being extracted from leaves of Vitex negundo, on cultured human hepatoma 
cell line, HuH-7G2. The authors performed a large amount of experiments, 
and found that NG inhibited ROS formation, lipid peroxidation, intracellular 
calcium elevation, GSH depletion, elevated anti-oxidant activity, declined MMP, 
cytochrome C release, and finally carbon tetrachloride-medicated apoptosis. 
The manuscript addressed the authors' hypothesis with sufficient data.
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