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INTRODUCTION

Liver fi brosis is a process in which wound curing myofi broblasts 

replace the damaged hepatic tissue with scar [1,2]. aHSCs produce 

Extra Cellular Matrix (ECM) proteins leading to scar formation 

[3]. Th e imperative approach for end stage liver disease is liver 

transplantation. But due to the defi ciency of accessible donors, 

immune rejection and cost of the transplant, there is a need to develop 

some other promising therapies [4].

HSCs are positioned within the perisinusoidal space or space 

of Disse in liver sinusoids and comprising around 15% of the total 

cells in liver. During the progression of liver injury caused by CCl
4
, 

aHSCs produce large amount of collagens and ECM proteins. In 

aHSCs, the gene expression of ECM proteins and inhibitors of matrix 

degrading enzymes are up regulated resulting in the accumulation of 

ECM proteins at the site of injury [5-8]. Pro-fi brotic cytokines and 

growth factors such as TGF-β family and from connective tissue are 

responsible for initiation and maintenance of expression of type I 

collagen. Conditions of sustained injury results in deposition of type I 

collagen fi brils. Th ese fi brils are unaff ected to proteolytic degradation 

and results in alteration of liver architecture [9,10].

Spontaneous recovery from liver fi brosis in experimental models 

is reported through loss of aHSCs due to apoptosis [11]. In CCl
4
-

induced liver fi brosis models, advanced liver fi brosis and even end 

stage liver cirrhosis aft er 4 and 12 weeks of CCl
4
 induced injury 

respectively is reversible and seems to be associated with apoptosis 

induction in aHSCs [12,13]. Th is has highlighted the importance of 

selected induction of apoptosis in aHSCs. In past, certain promising 

mediators have been reported for the induction of apoptosis in HSCs 

both In vitro and in vivo models [13,14].

Nitric Oxide (NO) is a free radical normally produced by nitric 

oxide synthase and catalytic reaction of L-Arginine. Synthetic 

compounds such as furoxan, nitrate, diazeniumdiolate and sodium 

nitroprusside (SNP) are few other sources for the production of 

NO. NO negatively regulates the HSCs migration, contraction, 

proliferation and limits the mass of HSCs by promoting their 

apoptosis. Induction of apoptosis in HSCs by NO involves the 

changes in mitochondrial membrane potential and is independent of 

caspase activation [14]. SNP is a NO donor and some of its clinical 

application are; antihypertensive, vasodilator, antidote and in 

pulmonary hypertension in pediatric patients etc. Th erefore, due to 

its clinical utility it is useful to evaluate its eff ectiveness to attenuate 

CCl
4
-induced liver fi brosis in experimental models. Th e current study 

was therefore, planned to determine the inhibitory action of NO 

produced by SNP on cultured HSCs and its eff ectiveness to reduce 

CCl
4
-induced liver fi brosis in mice model. Our data indicates that 

SNP may have therapeutic potential through inhibition of aHSCs for 

the better management of CCl
4
-induced liver fi brosis.

MATERIALS AND METHODS

Animals

C57 BL/6 mice (n = 10 each group) were treated according to 

procedures approved by the Institutional Review Board (IRB) and 

ethical committee of the XXX.

Hepatic stellate cells isolation & culturing

Hepatic stellate cells from C57 BL/6 mice were isolated and 

purifi ed as reported by Blomhoff  and Berg, [15]. Isolated HSCs were 

washed in 10 ml Dulbecco’s Modifi ed Eagles Medium

(DMEM; Gibco, UK) twice. Th e fi nal pellet was re-suspended in 

10 ml DMEM containing 20% FBS and 0.1% penicillin/streptomycin 

and seeded in a 6 well plate. Medium of the cells was changed 2 hours 

aft er culture. HSCs cultured in 6-well plates, showed attachment aft er 

two hours of culturing. At 2nd day (qHSCs) and 8th day (aHSCs) of 

culturing, both qHSCs and aHSCs were characterized by RT-PCR.

SNP treatment

2.5 × 103 HSCs per well were used for apoptosis analysis in 

response to SNP as cells were more resistant to apoptotic stimuli 

in more confl uent conditions [16]. Th e cells at 8th day (aHSCs) of 

culturing were washed and serum free fresh medium was added in 

four experimental groups; control group, 250 μM SNP group, 250 μM 

SNP + 1mM L-NG-Nitroarginine Methyl Ester (L-NAME) group and 

1 mM L-NAME group. L-NAME is the NOS inhibitor.

Assay for nitric oxide release

NO produced in the culture medium aft er 6, 12 and 18 hours of 

SNP treatment in all groups was evaluated from the total amount of 

nitrite concentration present in the medium. Briefl y, medium was 

collected and centrifuged to pellet down the suspended cells. 100 μl 
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of medium was reacted with equal volume of Griess reagents 1 and 

(Oxford Biomedical Research, Germany) and placed on a shaker at 

room temperature for 10 minutes. Th e color product was measured 

at a wavelength of 538 nm by spectrophotometer. Th e concentration 

of nitrite was determined using a standard graph curve made from 

NaNO
2
 concentration.

Cell viability assay

Aft er 18 hours of SNP treatment, cell viability was evaluated by 

trypan blue assay in all experimental groups. Briefl y, trypan blue 

solution was added to cells aft er removal of medium. Th e cells were 

incubated at 37°C for 10 minutes in CO
2 
incubator then washed with 

PBS and examined under phase contrast microscope. Six high power 

fi elds were selected and trypan blue positive cells were counted to 

estimate the viability of cells.

Apoptosis analysis

Apoptosis of HSCs was assessed aft er staining with Annexin V 

primary antibody followed by immunostaining with Flourescein 

Isothiocyanate (FITC) conjugated secondary antibody. Stained 

slides were further analyzed for fl uorescence under BX61 Olympus 

microscope equipped with DP70 camera (Olympus, Japan). Six high 

power fi elds were selected and annexin V positive cells were counted. 

Th e percentage of annexin V positive cells was calculated in all 

treatment groups.

CCl4-induced liver fi brosis model and SNP treatment

6-8 weeks old C57 BL/6 mice weighing 15-20 grams were used 

in experiments. All animals were kept in standard conditions of 

temperature (25 ± 2°C), relative humidity (50% ± 10%), and light 

illumination (2 h/day). Mice were divided into four groups; vehicle 

control group 1 received Olive oil only, CCl
4
 control group, 50 mM 

SNP group and 100 mM SNP group. All groups except vehicle control 

group received CCl
4
, dissolved in olive oil (1:1) in a concentration of 

1 ul/g of body weight, twice a week for 4 weeks [17]. Aft er 4 weeks of 

CCl
4
 injury, 50 mM and 100 mM SNP was given to SNP groups twice 

a week for four weeks [18]. During SNP treatment, animals were 

continuously received CCl
4
 injections twice a week. Th e animals were 

sacrifi ced at the end of 8th week of experiment. Th e liver tissues and 

blood samples were collected.

Gene expression analysis

Total RNA was extracted from four in vitro HSCs groups and liver 

tissues of all experimental groups by using TRIZOL reagent according 

to manufacturer‘s protocol (Invitrogen, CA). cDNA was synthesized 

using 2 μg total RNA by M-MLV reverse transcriptase (Invitrogen, 

CA). Th e cDNA was amplifi ed by PCR using the primers listed in 

table I and the thermal conditions at 94°C for 4 minutes, followed 

by 31-35 cycles of 94°C for 45 seconds, 56-58°C for 45 seconds, and 

72°C for 45 seconds and a fi nal extension of 10 minutes at 72°C. PCR 

products were analysed aft er electrophoresis in 2% (w/v) agarose gels 

containing ethidium bromide.

Immunostaining

4% Paraformaldehyde (PFA) was used to fi x the liver tissue 

sections. Aft er washing with PBS, 10% donkey serum was used for 

blocking followed by labelling with primary antibodies specifi c to anti 

mouse αSMA (1:400; Sigma, USA), CK18 (1:50; Santa Cruz, USA), 

iNOS (1:50; abcam, USA) and eNOS (1:50, abcam, USA). Anti-mouse 

FITC, TRITC and peroxidase conjugated secondary antibodies 

were used for fl uorescence. DP-70 camera loaded Olympus BX-61 

microscope was used to capture images (Olympus, Japan).

Sirius red staining

Liver tissue fi xed in 4% PFA were dehydrated through increasing 

ethanol grades and embedded in paraffi  n. Paraffi  n-embedded tissues 

were further sectioned into 5 μm thick slices. Sirius red staining was 

performed to access the accumulation of Collagen in the hepatic 

tissues. Morphometric analysis was performed through image J 

soft ware as reported previously.

Blood biochemistry

Blood was collected from each mouse in all groups and sera 

were stored at -80°C for further analysis. Concentrations of serum 

bilirubin and Alkaline Phosphatase (ALP) were tested to evaluate the 

liver function. Bilirubin and ALP tests were performed according to 

manufacturer‘s instructions (DiaSys, Germany).

Statistical analysis

3 slides per animal and 10 animals per experimental group were 

used to obtain the quantitative data of Sirius red staining and stated 

as ± SEM. One-way ANOVA was applied for statistical analysis of 

percent fi brosis area, ALP and bilirubin between treatment groups 

compared to control. p-value ≤ 0.05 was taken as statistically 

signifi cant.

RESULTS

Increased nitric oxide concentration induces apoptosis 
in HSCs

Both qHSCs and aHSCs were characterized through the 

expression of αSMA, Desmin, MMP13, TIMP and collagen1α1 genes. 

RT-PCR analysis exhibited signifi cant increase in expression of genes 

specifi c for HSCs in aHSCs compared to qHSCs. Fibrotic liver tissue 

was taken as a control (Figure 1). Nitric Oxide (NO) produced by 

250 μM SNP aft er 6, 12 and 18 hours was 1.01 μM, 3.03 μM and 4.13 

μM respectively in SNP group. Th e level of nitrite concentration was 

increased aft er SNP treatment while, L-NAME inhibited the eff ect of 

SNP (Figure 2A).

Figure 1: Characterization of cultured HSCs by RT-PCR. Cultured HSCs 
expressed αSMA, Desmin, MMP 13, TIMP and collagen 1α1. Βactin was 
kept as a control. qHSCs (quiescent HSCs after 2 days of culture), aHSCs 
(activated HSCs after 8 days of culture).
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HSCs revealed a signifi cant increase in the number of apoptotic 

cells (45.5 cell/fi eld) when exposed to 250 μM SNP aft er 18 hours 

stained with trypan blue. However, L-NAME reduced the eff ect of 

SNP on HSCs and showed lesser number of apoptotic cells (14.40 

cells/fi eld) (Figure 2B). Morphology of aHSCs was changed from 

round and fl attened to condensed and smaller aft er treatment with 

250 μM SNP. However, the eff ect of SNP was reduced in group 

treated with L-NAME (Figure 2C). Gene expression regulation of 

αSMA, MMP13, TIMP and collagen 1α1 genes has further showed 

the inhibitory eff ect of SNP on aHSCs while L-NAME has inhibited 

the eff ect of SNP (Figure 2D). In order to confi rm whether apoptosis 

has been induced by SNP, Annexin V apoptosis detection assay was 

performed. Th e number of annexin V positive cells increased to 46.67 

± 2.87 in SNP treated group versus 6.83 ± 1.67 in control group. Th is 

increase in cell death was diminished in SNP + L-NAME group to 

15.33 ± 1.86 cells/fi eld (Figure 2E1-E2).

Exogenous administration of SNP reduced fi brosis in 
CCl4 injured liver

Aft er CCl
4
 induced liver fi brosis, mice in two separate groups 

were treated with 50 mM and 100 mM SNP twice a week for 4 weeks. 

Aft er 24 hours of last SNP injection, mice were sacrifi ced and fi brosis 

A B

C D

E1 E2

Figure 2: Apoptosis analysis of HSCs by NO. A) Nitrite concentration (μM) in HSCs cultures after 6, 12 and 18 hours. B) Effect of SNP 
treatment on HSCs viability. C) Morphology of the activated HSCs after treatment with SNP and L-NAME. D) SNP treatment reduced the 
expression HSCs specifi c genes. E) Annexin V binding assay for different treatments. DAPI was used to counter stain nuclei. Signifi cantly 
high number of annexin V positive cells were detected in SNP treated group compared to control and other groups (E1). Quantifi cation 
of Annexin V positive cells (E2). All values were expressed as mean ± SEM (p* < 0.05 for SNP vs. control, p# < 0.05 for SNP vs. SNP + 
L-NAME, pɸ < 0.05 for SNP vs. L-NAME).
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was analysed by gene expression analysis, immunostaining of αSMA, 

CK18, iNOS and eNOS, Sirius red staining and liver function tests.

Gene expression analysis

To establish whether NO generated through SNP can induce 

the apoptosis or inhibition of aHSCs in fi brotic liver to resolve the 

fi brosis; the gene expression of fi brotic (αSMA, Collagen IαI, TIMP 

and NFκB) and hepatic (CK18) markers was analyzed. Th e expression 

of αSMA, Collagen IαI, TIMP and NFκB genes was increased in 

CCl
4
 group (48.815, 69.534, 35.191, 62.624) as compared to vehicle 

controls while, the expression of CK18 was decreased in CCl
4
 group 

(4.87). αSMA, Collagen IαI, TIMP and NFκB mRNA expression was 

notably lowered in 100 mM SNP group (5.504, 25.269, 2.79, 9.038) as 

compared to the 50 mM SNP (27.941, 33.056, 7.625, 38.362) and CCl
4
 

groups. In contrast, CK18 expression was increased in 100 mM SNP 

group (24.794) compared to 50 mM SNP (8.106) and CCl
4
 groups 

(Figure 3).

Histological analysis

Immunofl uorescence analysis of both fi brosis and liver markers 

further confi rmed the inhibitory and apoptotic eff ects of SNP 

induced NO. Th e expression of αSMA was increased in CCl
4
 group 

compared to vehicle control and lowered in 100 mM SNP group as 

compared to other treated groups. Th is showed that the NO produced 

by SNP induced the inhibition of aHSCs in fi brotic liver. However, 

the increased expression of CK18 in 100 mM SNP group showed 

the normalization of liver structure. In contrast, to the increased 

expression of iNOS, a clear reduction in the expression of eNOS was 

shown in CCl
4
 group. Th e expression of iNOS was increased in 100 

mM SNP group. However, down regulation of eNOS induced by CCl
4
 

induced was overcome in the SNP treated groups (Figure 4).

Sirius red staining

Th e results of Sirius red staining of diff erent experimental groups 

showed only minor stains around the central vein and pericellular 

regions in normal mice liver compared to numerous sites of collagen 

deposition detected in CCl
4
-injured mice. Furthermore, 100 mM 

SNP group illustrated suppression in the accumulation of collagens 

compared to 50 mM SNP and CCl
4
 groups (Figure 4). Statistical 

analysis further confi rmed a signifi cant decrease in fi brotic area (%) 

to 1.45% in 100 mM SNP group compared to 3.35% in 50 mM SNP 

group and 4.00% in CCl
4
 group (Figure 5).

Functional recovery after SNP treatment

Th e hepato-protective eff ect of SNP was further evaluated by 

diff erential quantifi cation of bilirubin and ALP concentrations in 

serum of treatment groups. Aft er 4 weeks of SNP treatment, the 

concentration of serum bilirubin in 100 mM SNP group (0.54 mg/dl) 

was signifi cantly lesser than CCl
4
 (1.3 mg/dl) and 50 mM SNP (0.96 

mg/dl) groups (Figure 6A). Similarly, the level of serum ALP in 100 

mM SNP group (455.4 units/L) was also signifi cantly lesser than CCl
4
 

(801.60 units/L) and 50 mM SNP (627.6 units/L) groups (Figure 6B). 

Together, this data indicate the positive role of SNP to improve liver 

functions.

DISCUSSION

Liver comprises of 10-15% of non-parenchymal cells (HSCs) 

which plays a central role in liver fi brosis [1]. In damaged liver, 

injured hepatocytes along with their metabolites are known to 

activate kupff er cells. Th ese triggered Kupff er cells activate HSCs by 

releasing cytokines such as Transforming Growth Factor-α (TGF-α), 

Platelet-Derived Growth Factor (PDGF), Tumor Necrosis Factor-α 

(TNF-α) and Reactive Oxygen Species [19]. aHSCs express αSMA 

and collagens leading to their deposition. On the other hand, enzymes 

that inhibit degeneration of ECM and cytokines (IL-6, IL-8, MCP-1 

and ICAM-1) that promote fi brosis are also produced by aHSCs [17]. 

Th us activation of aHSCs leads to an imbalance between the synthesis 

and degeneration of ECM proteins and results in the development 

Figure 3: RT-PCR analysis of fi brotic and hepatic markers. A) 100 mM 
SNP reduced the expression of αSMA, collagen1α1, TIMP and NF-кB 
genes in fi brotic mouse while the expression of CK18 gene was increased. 
B) Mean grey value calculated by image J showed that the expression of 
fi brotic markers was decreased in 100mM SNP group while hepatic marker 
expression was increased.

Figure 4: Immunohistochemical expression of treatment groups. A) 100 mM 
SNP group showed decreased expression of αSMA as compared to 50 mM 
SNP and CCl4 control groups. B) 100 mM SNP resulted in the increased 
expression of CK18 as compared to 50mM SNP and CCl4 groups. C) 100 mM 
SNP group showed increased expression of eNOS as compared to 50mM 
SNP and CCl4 groups. D) 100 mM SNP group showed decreased expression 
of iNOS as compared to 50 mM SNP and CCl4 control groups. (Magnifi cation 
200X).
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of hepatic fi brosis [20]. Several key steps in the activation of aHSCs 

have been proved to be potential therapeutic targets for treating 

liver fi brosis. Apoptosis is known to be induced in several diff erent 

cell types by the action of NO through peroxynitrite mediated 

mitochondrial damage [21]. Moreover, NO donors also recognized 

for their anti-fi bro genic action through negative regulation of 

HSCs migration, contraction and proliferation. Furthermore, it also 

promotes the apoptosis of HSCs through mitochondrial dysfunction. 

Contrary to this, NO is a crucial mediator in juvenile hepatocytes 

proliferation during liver regeneration [22]. Th erefore, it was 

proposed that inhibiting the aHSCs by exogenous NO administration 

can be a potential therapeutic strategy for treating liver fi brosis [23].

Myofi broblast like phenotype of HSCs is a typical manifestation 

of liver infl ammation. Th e phenotypic changes identifi ed in the 

culture conditions were similar to the injured liver as the expression 

of αSMA is the hallmark of HSCs activation [24]. aHSCs are further 

characterized by loss of vitamin A storing ability and enhanced 

collagen and TIMP expression [6,8]. In the fi rst phase of this study, 

HSCs were isolated from CCl
4
-injured mouse liver and cultured. 

HSCs transform from a non-proliferative to a highly proliferative 

state over a period of eight to ten days and express αSMA and other 

profi brotic genes [25]. Both qHSCs and aHSCs were characterized 

by gene expression analysis and our results are in accordance with 

reports that the expression of aHSCs specifi c genes: αSMA, TIMP, 

MMP13 and Collagen IαI was increased in aHSCs compared to 

qHSCs [26].

CCl
4
-induced liver fi brosis approach has been adopted in our 

mice model and the parameters of hepatic functions and histo-

pathological consequences have been closely monitored. CCl
4
 is a 

widely used compound in animal models of liver fi brosis causing 

severe fi brosis [24]. Th e CCl
4
-induced injury has been confi rmed by 

serum concentrations of bilirubin and ALP and liver tissue histology. 

CCl
4
-induced liver fi brosis also resulted in an increase in % fi brotic 

Figure 5: Estimation of collagen levels in different treatment groups. A) 
Staining with Sirius red demonstrated that collagen levels were greater after 
CCl4 injury and were reduced by treatment with 100 mM SNP. B) Graphical 
representation of %fi brotic area estimated by image J software. All values 
were expressed as mean ± SEM. (p* < 0.05 for 100 mM SNP vs CCl4 control 
and p# < 0.05 for 100 mM SNP vs 50 mM SNP).
Figure 6: Serum concentrations of A) bilirubin and B) ALP in different 
experimental groups. All values were expressed as mean ± SEM (p* < 0.05 
for 100mM SNP vs CCl4 control and p# < 0.05 for 100 mM SNP vs 50 mM 
SNP).

Figure 6: Serum concentrations of A) bilirubin and B) ALP in different 
experimental groups. All values were expressed as mean ± SEM (p* < 0.05 
for 100mM SNP vs CCl4 control and p# < 0.05 for 100 mM SNP vs 50 mM 
SNP).

Table 1: Primer sequences of various gene.
Tm oC Primer Sequence

αSMA 58 Forward, CTGACAGAGGCACCACTGAA

Reverse, AGAGGCATAGAGGGACAGCA

Collagen1α1 57 Forward, GCCAAGAAGACATCCCTGAA

Reverse, GGCAGAAAGCACAGCACTC

TIMP 57 Forward, CATCTGGCATCCTCTTGTTG

Reverse, CTCGTTGATTTCTGGGGAAC

CK18 56 Forward, TGAGACAGAACTAGCCATGC

Reverse, CACTTCCACAGTCAATCCAG

NFкB 58 Forward, GCACCTGTTCCAAAGAGCAC

Reverse, GTGGAGTGAGACATGGACACAC

Forward, GTGAAGATGGCCTTGGATGT

Desmin 58

Reverse, TGTGTAGCCTCGCTGACAAC

MMP13 58 Forward, ATGGACCTTCTGGTCTTCTGG

Reverse, ATGGCTTTTGCCAGTGTAGG

β-Actin 58 Forward, ACTGCTCTGGCTCCTAGCAC

Reverse, ACATCTGCTGGAAGGTGGAC
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area, reduced expression of CK18 and increased expression of fi brotic 

markers signifying the destruction of liver structure and function. 

Nitric oxide has both water soluble and lipid soluble properties and 

can pass through cell membranes. When entered in cells, it induces 

target molecules and induces apoptosis both by caspase-dependent 

and caspase-independent pathways in various tissues [27]. Th erefore, 

the exogenous NO administration to CCl
4
-induced liver fi brosis 

model was benefi cial in reducing liver fi brosis as demonstrated in the 

2nd phase of this study. Considering the in vitro apoptotic eff ect of 

SNP treatment on aHSCs, it was applied to CCl
4
-induced liver fi brosis 

mouse model.

Reduced expression of αSMA in CCl
4
-injured liver under 

100 mM SNP showed that NO restrained the aHSCs. Apoptosis 

of aHSCs in the present study may provide a possible explanation 

for the reduction in collagen-IαI and diminution of Sirius red 

stained collagens. However, exact mechanism which regulates the 

matrix degradation required further clarifi cation. Th e expression 

of interstitial collagens was analysed in parallel with collagenase 

inhibitor TIMP1 during recovery from liver fi brosis. Results indicate 

that the extensive remodelling is correlated with a diminution of 

TIMP1 expression. Th is highlighted the importance of the removal 

of the inhibitory infl uence of the TIMPs on collagenase activity. 

As some studies reported that TIMP1 and TIMP2 are produced by 

aHSCs and the reduction of these enzymes is a consequence of the 

reduction in number of aHSCs [28].

Nitric Oxide is a key factor of hepatic blood supply. In CCl
4
-

induced liver fi brosis model, expression of eNOS was signifi cantly 

decreased compared to enhanced expression of iNOS. Th erefore, 

the increased iNOS and decreased eNOS or together, they have 

contributed their adverse eff ects in chronic liver injury [29]. 100 

mM SNP has produced a high level of NO in the serum as reported 

earlier. 100 mM SNP showed a reduction in iNOS and increase in the 

eNOS levels contrary to CCl
4
-treated mice (Figure 4). Th e interaction 

between NO and apoptosis of HSCs in vivo seems to be too complex 

to be described as stimulatory/inhibitory categories. In vitro analysis 

showed that NO induced the apoptosis of HSCs. Th ere might be the 

similar mechanism involved In vivo in our study which leads to the 

selective apoptosis either by inactivating the aHSCs or by inhibiting 

the activation of HSCs. In brief, we performed a primary selection 

and evaluation of SNP as a NO donor compound eff ective in reducing 

liver fi brosis.

CONCLUSIONS

It is concluded from the present study that NO released by 

SNP signifi cantly induced apoptosis in the aHSCs and substantially 

diminished the CCl
4
-induced hepatic injury. Consequently, 

improvement in liver functions and reduction in collagen deposition 

and fi brosis occurs. Hence, the potential use of HSCs apoptosis 

induced by NO appears to hold remarkable potential in the therapy 

of hepatic fi brosis.

REFERENCES

1. Elsharkawy AM, Oakley F, Mann DA. The role and regulation of hepatic 
stellate cell apoptosis in reversal of liver fi brosis. Apoptosis. 2005; 10: 927-
939.https://goo.gl/Lg5TGK

2. Moreira RK. Hepatic stellate cells and liver fi brosis. Arch Pathol Lab Med. 
2007; 131: 1728-1734. https://goo.gl/c27SfN

3. Wu J, Zern MA. Hepatic stellate cells: a target for the treatment of liver 
fi brosis. J Gastroenterol. 2000; 35: 665-672. https://goo.gl/bDEjbP

4. Carvalho AB, Quintanilha LF, Dias JV, Paredes BD, Mannheimer EG, 
Carvalho FG. Bone marrow multipotent mesenchymal stromal cells do not 
reduce fi brosis or improve function in a rat model of severe chronic liver 
injury. Stem Cells. 2008; 26: 1307-1314. https://goo.gl/GoX8wT

5. Friedman SL. Hepatic stellate cells. Prog Liver Dis. 1996; 14: 101-130. 
https://goo.gl/3Mj2iB

6. Friedman SL. Hepatic fi brosis-Overview. Toxicology. 2008; 254: 120-129. 
https://goo.gl/qY7GJE

7. Jiang F, Parsons CJ, Stefanovic B. Gene expression profi le of quiescent 
and activated rat hepatic stellate cells implicates Wnt signaling pathway in 
activation. J Hepatol. 2006; 45: 401-409. https://goo.gl/7cZdZG

8. Bataller R, Brenner DA. Liver fi brosis. J Clin Invest. 2005; 115: 209-218. 
https://goo.gl/enWydY

9. Siegmund SV, Dooley S, Brenner DA. Molecular mechanisms of alcohol-
induced hepatic fi brosis. Dig Dis. 2005; 23: 264-274. https://goo.gl/MW1dhW

10. Jiang F, Stefanovic B. Homeobox Gene Prx1 Is expressed in activated 
hepatic stellate cells and transactivates collagen α1 (I) promoter. Exp Biol 
Med. 2008; 233: 286-296. https://goo.gl/EJbUEH

11. Issa R, Williams E, Trim N, Kendall T, Arthur MJ, Reichen J, et al. Apoptosis 
of hepatic stellate cells: involvement in resolution of biliary fi brosis and 
regulation by soluble growth factors. Gut. 2001; 48: 548-557. https://goo.gl/
CWuto8

12. Issa R, Zhou X, Constandinou CM, Fallowfi eld J, Millward-Sadler H, Gaca 
MD, et al. Spontaneous recovery from micronodular cirrhosis: evidence for 
incomplete resolution associated with matrix cross-linking. Gastroenterology. 
2004; 126: 1795-1808. https://goo.gl/XdQJPi

13. Hagens WI, Olinga P, Meijer DKF, Groothuis GMM, Beljaars L, Poelstra K. 
Gliotoxin non-selectively induces apoptosis in fi brotic and normal livers. Liver 
Int. 2006; 26: 232-239. https://goo.gl/cTTYhc

14. Langer DA, Das A, Semela D, Kang-Decker N, Hendrickson H, Bronk SF, 
et al. Nitric Oxide Promotes Caspase-Independent Hepatic Stellate Cell 
apoptosis through the generation of reactive oxygen species. Hepatology. 
2008; 47: 1983-1993. https://goo.gl/w1BXC7

15. Blomhoff R, Berg T. Isolation and cultivation of rat liver stellate cells. Methods 
Enzymol. 1990; 190: 58-71. https://goo.gl/sKUymb

16. Malhi H, Bronk SF, Werneburg NW, Gores GJ. Free Fatty Acids Induce JNK-
dependent Hepatocyte Lipoapoptosis. J Biol Chem. 2006; 281: 12093-12101. 
https://goo.gl/8EQtUN

17. Lee M, Song SU, Ryu Jk, Suh JK. Sp1-dependent regulation of the tissue 
inhibitor of metalloproteinases-1 promoter. J Cell Biochem. 2004; 91: 1260-
1268. https://goo.gl/wBBVMh

18. Ali G, Mohsin S, Khan M, Nasir GA, Shams S, Khan SN, et al. Nitric oxide 
augments mesenchymal stem cell ability to repair liver fi brosis. J Transl Med. 
2012; 10: 75. https://goo.gl/SSBsqy

19. Wu J, Kuncio GS, Zern MA. Human liver growth in fi brosis and cirrhosis. 
Strain AJ, Diehl AM, editors. Liver growth and repair. From Basic Science to 
clinical Practice. London: Chapman and Hall; 1998. p: 558-576. https://goo.
gl/KP9XTB

20. Weng T, Shen C, Chiu Y, Lin Y, Kuo C, Huang Y. Inhibitory effects of 
armepavine against hepatic fi brosis in rats. J Biomed Sci. 2009; 16: 78. 
https://goo.gl/aKQawf

21. Hortelano S, Dallaporta B, Zamzami N. Nitric oxide induces apoptosis via 
triggering mitochondrial permeability transition. FEBS Lett. 1997; 410: 373-
377. https://goo.gl/YK6yYf

22. Inukai N, Uchida M, Miyazaki Y, Suzuki T, Yoshikawa H, Tanaka K, et al. 
Nitric oxide production and its contribution to hepatocyte proliferation in 
normal juvenile rats. J Vet Med Sci. 2010; 72: 861-867. https://goo.gl/ebGgG9

23. Lim MP, Devi LA, Rozenfeld R. Cannabidiol causes activated hepatic stellate 
cell death through a mechanism of endoplasmic reticulum stress-induced 
apoptosis. Cell Death Dis. 2011; 2: 170. https://goo.gl/y66jK7

24. Nasir GA, Mohsin S, Khan M, Shams S, Ali G, Khan SN, et al. Mesenchymal 
stem cells and Interleukin-6 attenuate liver fi brosis in mice. J Trans Med. 
2013; 11: 78. https://goo.gl/7vqL4s



Scientifi c Journal of Biology

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page -0018

25. Jameel NA, Thirunavukkarasu C, Murase N, Cascio M, Prelich J, Yang S, 
et al. Constitutive Release of Powerful Antioxidant-Scavenging Activity by 
Hepatic Stellate Cells: Protection of Hepatocytes From Ischemia/Reperfusion 
Injury. Liver Transpl. 2010; 16: 1400-1409. https://goo.gl/VBo2WE

26. Rishi L, Dhiman R, Raje M, Majumdar S. Nitric oxide induces apoptosis in 
cutaneous T cell lymphoma (HuT-78) by downregulating constitutive NF-κB. 
Biochem Biophys Acta. 2007; 1770: 1230-1239. 

27.  Kisseleva T, Brenner DA. Hepatic stellate cells and the reversal of fi brosis. J 
Gastroenterol Hepatol. 2006; 21: 84-87. https://goo.gl/PxiSz7

28. Iredale JP, Benyon RC, Pickering J, McCullen M, Northrop M, Pawley S, et 
al. Mechanisms of spontaneous resolution of rat liver fi brosis. J Clin Invest. 
1998; 102: 538-549. https://goo.gl/GWGHfh

29. Li, JT, Liao ZX, Ping J, Xu D, Wang H. Molecular mechanism of hepatic 
stellate cell activation and antifi brotic therapeutic strategies. J Gastroenterol. 
2008; 43: 419-428. https://goo.gl/GrBJ1h 


	Exogenous Administration of Nitric OxideAmeliorate CCl4 Induced Liver Injury throughInhibition of Hepatic Stellate Cells
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Figure 1
	Figure 2
	DISCUSSION
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	CONCLUSIONS
	REFERENCES

