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ABSTRACT
Background: The role of hepatocyte apoptosis and inflammation has been implicated in the progression of nonalcoholic steatohepatitis 
(NASH). Overproduction of reactive oxygen species (ROS) appears to accelerate these pathways through the activation of Fas receptor 
signaling. Therefore, we explored the hepatoprotective effects of crocin as a strong free radical scavenger against oxidative damages 
leading to NASH development.
Methods: Thirty-two male mice were randomly divided into control, NASH, NASH + crocin, and crocin groups. They received an intraperi-
toneal injection of crocin twice a week, for 3 weeks. For NASH model induction, the animals were fed with a Western diet and exposed to 
cigarette smoke for 8 weeks. At the end of the experiment, liver histology, biochemical, and biomolecular analyses were done to evaluate 
the antioxidant, anti-inflammatory, and anti-apoptotic activities of crocin in the NASH model.
Results: Evaluation of the features of the NASH model revealed steatosis, inflammatory infiltrate, and ballooning degeneration. 
Metabolic dysfunction was associated with elevated serum levels of the lipid profile and decreased hepatic liver enzymes. The increased 
content of malondialdehyde (MDA) and reduced antioxidant activities confirmed hepatotoxicity induction. There was a significant 
increase in expression level of Fas, caspase 3, and NF-κB genes that was also associated with elevation in hepatic TNF-α content. 
Moreover, expression the of Fas receptor protein was significantly detected on the hepatocyte membrane.
Treatment with crocin effectively improved NASH-related parameters, and the histopathological findings were also parallel with the 
resulting changes.
Conclusion: Crocin can be introduced as a candidate hepatoprotective agent against NASH by virtue of its anti-inflammatory, antioxi-
dant, and anti-apoptotic properties, possibly through regulation of the Fas death receptor pathway.
Keywords: Apoptosis, cigarette smoke, Fas receptor, inflammation, nonalcoholic steatohepatitis, Western diet

INTRODUCTION
Nonalcoholic steatohepatitis (NASH) is now regarded 
as a severe medical condition of nonalcoholic fatty liver 
disease (NAFLD), with an unpleasant progression to late 
stage of liver failure.1

According to the current and accepted theory for patho-
genesis of NAFLD, lipid deposition in hepatocytes leads 
to development of hepatic steatosis. Subsequently, stea-
totic hepatocytes are more vulnerable to oxidative stress 
as a key contributor, increasing the probability of disease 
progression and NASH development.2,3

Liver cell death and hepatic inflammation have been rep-
resented as the main features of NASH.4 Hepatocellular 

apoptosis, as the most common cause of cell death, is 
typically considered to occur in the liver of the patients 
with NASH.5 The Fas/CD95 receptor is one of the death 
receptors belonging to the tumor necrosis factor (TNF)-
receptor superfamily6 and is widely expressed by hepato-
cytes, especially in disease processes.7 It mainly mediates 
apoptotic signaling in the liver. The downstream conse-
quence of its activation is recruitment of several intra-
cellular caspases including caspase-3, caspase-6, and 
caspase-7.4

In addition to the role of Fas/CD95 as a main mediator 
of apoptosis, it may also contribute to the induction of 
inflammation initiated by upregulation of nuclear factor 
kappa B (NF-κB) activity.8
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As mentioned above, oxidative stress resulting from 
excessive intracellular reactive oxygen species (ROS) can 
trigger hepatocellular injury associated with development 
of NASH. In this context, ROS have been previously impli-
cated in a key role in cell death through Fas-mediated 
apoptotic pathways.9

Overexpression of the Fas receptor, which has been 
reported to be increased in liver disease, plays an impor-
tant role in the progression of NASH.5 Moreover, apopto-
sis as a main contributor to liver injury in NASH appears 
to be promoted by oxidative stress and ROS production 
that can activate Fas-mediated cell death signaling path-
ways.10 Therefore, it is hypothesized that oxidative injury 
by elevated ROS can be a trigger for apoptotic and non-
apoptotic Fas-related signaling pathways.

In spite of growing attempts for development of novel 
prognostic and therapeutic interventions, no effective 
drug therapy has been approved for this disorder.11

It seems that the modulating strategy against ROS-
induced hepatocellular injury through Fas receptor acti-
vation is worthy of consideration. Considering the free 
radical regulatory function of antioxidants12 and the 
 capability of ROS to induce oxidative stress as a main 
apoptosis-driving factor, antioxidant therapy can be a 
promising approach to protect against cytotoxicity.

The antioxidant activity of crocin has been well understood 
previously.13  The cytoprotective effects of crocin have 
also been reported, and it has achieved a special place in 
pharmaceutical science based on its anti-apoptotic, anti-
inflammatory, and anti-tumor functions.14,15 However, the 
mechanisms involved are not fully understood.

So far, no study has investigated the hepatoprotec-
tive effect of crocin against apoptosis and inflammation 
in a mouse model of NASH. Therefore, our study was 
designed to evaluate the possible anti-apoptotic and 

anti-inflammatory effects of crocin in the NASH model, 
focusing on activation of the Fas receptor as an oxidative 
stress-mediating factor.

MATERIALS AND METHODS
Animal Grouping and Experimental Procedures
A total of 32 adult male NMRI mice (25-30 g) were 
housed in a controlled environment (temperature of  
22 ± 2°C, 12 h cycles of light and dark), with free access to 
their desired diet. However, they were exposed to fasting 
and only had free access to tap water 12 h prior to begin-
ning the experiments. All the mice were treated according 
to the guidelines of Care and Use of Laboratory Animals.

For induction of the NASH model, the mice were fed 
ad libitum with a Western diet11 containing 30% of fat 
(tallow), 30% of carbohydrates, and 0.4% of cholesterol 
for 8 weeks, and were exposed to cigarette smoke during 
the last 4 weeks of diet feeding (4 cigarettes daily, 5 days 
a week, for 4 weeks).16,17

Crocin (Sigma-Aldrich Co., USA) at a dose of 100 mg/kg 
was used according to the previous report, to confirm its 
hepatoprotective (antioxidant, anti-fibrotic, and anti-
inflammatory) effects in mice.18

Crocin was administered through intraperitoneal injection 
at the end of the NASH induction period, twice a week for 
3 weeks (Figure 1).

The control group of animals remained on standard chow 
and were exposed to air while the NASH groups were fed 
with a Western diet11 and exposed to cigarette smoke 
until the 11th week. It should be noted that mice received 
saline injections during the last 3 weeks.

Therefore, the mice were randomly and equally assigned 
to one of the following 4 groups, each consisting of 
8 animals: Control (Ctrl), NASH, NASH + crocin 100 mg/kg 
(NASH+Cr), and crocin 100 mg/kg (Cr).

Figure 1. Schematic of study design.
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Finally, the sera and all the harvested livers were sepa-
rated for histopathological, biochemical, and molecular 
evaluations.

Determination of the Biochemical Parameters
Blood samples were collected under deep anesthesia pro-
duced by ketamine and xylazine injection (80 + 6 mg kg−1, 
i.p., respectively) and were immediately centrifuged. The 
sera were separated to biochemically determine levels 
of aspartate transaminase (AST), alanine transaminase 
(ALT), and alkaline phosphatase (ALP) as biomarkers of 
liver injury, and concentrations of triglyceride (TG), total 
cholesterol,12 and high-density lipoprotein (HDL) were 
specified using the appropriate commercial kits (Pars 
Azmoon; IR Iran), by a serum autoanalyzer (BT-1500-
A-A, Rome, Italy). The level of low-density lipoprotein-
cholesterol (LDL-C) was calculated as total cholesterol 
– (HDL-C + triglyceride/5).

Determination of the Antioxidant Activity
Liver samples were rapidly removed and homogenized to 
measure the activity of superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) using standard commercial 
kits (Zellbio GmbH, Germany).

Determination of MDA Concentration
The concentration of hepatic malondialdehyde (MDA), as 
the most widely used marker of lipid peroxidation, was 
assessed after centrifuging (10 000 g, 15 min, 4°C) liver 
homogenate according to reaction of MDA with thiobar-
bituric acid. The result was measured colorimetrically at 
532 nm according to the manufacturer’s instructions, 
and expressed on the diagnostic ZellBio kit (Zell Bio, 
Germany).

Determination of TNF-α Level
The hepatic concentration of tumor necrosis factor alpha 
(TNF)-α from the liver tissue of mice was measured by 
a commercial enzyme-linked immunosorbent assay kit, 
according to the manufactures’ instructions based on the 
biotin double-antibody sandwich technology (BT, China).

Liver Histology
Liver tissue slices were obtained and fixed in 10% for-
malin before staining with hematoxylin-eosin (H&E) and 
Oil Red O dyes. Hepatic tissue histology was evaluated 
to blindly score according to semi-quantitative NAFLD 
activity score (NAS) by an experienced pathologist. The 
sum of scores from steatosis (0-3), lobular inflammation 

(0-3), and hepatocellular ballooning degeneration (0-2) 
was considered for confirmation of NASH (score of 0-2: 
absence of NASH; 3-4: borderline; and 5-8: NASH).19,20 Oil 
Red O staining was used for evaluation of the abundantly 
deposited lipid droplets in cytoplasm.

Real-time PCR
Total RNA was extracted from frozen tissue samples 
using the RNeasy Plus Mini Kit (Qiagen; Qiagen GmBH, 
Hilden, Germany). The concentration and purity of 
RNA were estimated spectrophotometrically at wave-
lengths of 260 nm and 280 nm using the NanoDrop 
device (Thermo Scientific S.N: D015). Reverse tran-
scription of RNA was performed for synthesis of cDNA 
using a QuantiTect Reverse Transcription Kit (Qiagen; 
Qiagen GmBH, Hilden, Germany) according to the man-
ufacturer’s instructions. The mRNA expression levels 
of Fas (CD95), caspase-3, and NF-κB were measured 
based on quantitative real-time polymerase chain reac-
tion (PCR) protocol on a light Cycler (Roche Diagnostics 
Indianapolis, Ind, USA) using the SYBR Green Master 
Mix and Applied Biosystems StepOne Real-Time PCR 
System. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), representing the standard housekeeping gene, 
was used for normalization of expression level of target 
genes. The primer sequences used for each gene were 
as follows: mouse Fas: TCTCATGGGAAGAGTGATGC 
(forward) and TGTCTGGGGTTGATTTTCCA (reverse);  
caspase: GCTTGGAACGGTACGCTAA (forward) and  
CTTGCTCCCATGTATGGTCT (reverse); NF-κB: ACC 
CG AAACTCAACTTCTGT (forward) and TAACAG 
CAT G GG GGAAAACT (reverse); and GAPDH: 
CAGT GG CAAAGTGGAGATTG (forward) and 
TTGATGTTAGTGGGGTCTCG (reverse).

Immunostaining Analysis
Paraffin-embedded formaldehyde-fixed liver sections 
were stained immunohistochemically for detection of the 
Fas (CD95) death receptor-related antigen. According 
to the immunohistochemical method, sections of tissue 
blocks, 5 μm thick, were deparaffinized and rehydrated in 
graded ethanol. Antigens were retrieved by microwaving 
in 10 mmol citrate buffer solution (pH 6.0). Hydrogen per-
oxide was used for blocking endogenous peroxidase activ-
ity with 1:10 dilution in methanol. Phosphate-buffered 
saline (PBS) was applied for prevention of non-specific 
binding. The sections were incubated with Fas monoclo-
nal antibody as the primary antibody, and the rabbit poly-
clonal antibody was applied as the secondary antibody. 
3,3’-diaminobenzidine18 was used as a chromogen to 
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show antibody. Finally, the sections were counterstained 
in hematoxylin and fast green staining dyes. They were 
then cover-slipped. Positive and negative controls were 
stained at the same setting, treating with PBS as primary 
antibodies.

Statistical Analysis
All data were expressed as means ± standard error of 
means (SEM). One-way analysis of variance along with 
Tukey’s post-hoc test was used for identification of sig-
nificant differences between experimental groups. The 
Kruskal–Wallis test was used to analyze histopathological 
scoring.

RESULTS
Histological Evaluations
Histopathological examination of liver sections in the 
control group showed normal architecture. However, 

there was no considerable difference with respect to  
liver parenchyma alterations between control (Ctrl) 
and crocin -treated groups (Cr) (P > .05) (Figure 2). The 
Western diet and the exposure to cigarette smoke caused 
the development of NASH features, with significant 
micro- and macro-vesicular steatosis scored as grade 3,  
obvious ballooning degeneration, and the increased 
inflammatory infiltration (grade 3) in liver sections of the 
NASH group mice. Inflammatory infiltrate was promi-
nently seen in the periportal area, conforming to grade 2. 
There was a significant increase in NAS compared to the 
control group (P < .01). As shown in Figure 2D, treatment 
with crocin substantially reduced both steatosis (grade 2) 
and liver injuries and the crocin-treated groups revealed 
significantly less NAS than the control group (P < .05).

Oil Red O staining indicated the marked deposition of 
lipid droplets in hepatocytes, as shown in Figure 2C.

Figure 2. The effect of crocin on the histopathological features of liver. (A) Representative microscopic images of liver sections stained 
with hematoxylin and eosin. Black and yellow arrows represent macro- and micro-vesicular lipid droplets respectively. Red arrows represent 

inflammatory infiltration. (B) Immunohistochemical staining specific for Fas receptor. Positive hepatocytes for Fas were detected mainly 
stained on the cell surface. (C) Oil Red O staining for lipid droplet accumulation in hepatocytes. Black arrows represent deposition of lipid. 
(D) The effect of crocin on NAS score with hematoxylin and eosin staining using the semi-quantitative NAS System. Data are analyzed as 

mean rank of hepatic histopathological scores in different groups. Ctrl, control; Cr, crocin; NAS, NAFLD activity scoring.
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According to our immunohistochemical evaluations, the 
Fas receptor was expressed mainly on the hepatocyte 
membranes in the NASH group. Semi-quantitative analy-
ses showed that hepatic expression of Fas was strongly 
decreased in crocin-treated mice (Figure 2B).

Biochemical Assessments
Table 1 shows serum activity levels of the liver function 
test (ALP, ALT, and AST).

Compared to the control group, the marked elevation of 
serum ALT, AST, and ALP activities after 8 weeks con-
firmed hepatocellular damage in the NASH group (P < .01, 
P < .001). As shown in Table 2, induction of the NASH 
model led to a significant increase in the serum level, 
as seen in the lipid profile. Conversely, high activity lev-
els of ALT, AST, and ALP were decreased to near normal 
levels (P > .05) in the Cr group. The lipid profile was also 
decreased in serum of the Cr group compared to the 
NASH group (P > .05). 

The activity levels of GPx and SOD were significantly lower 
than those of the control group, after NASH induction 
(P < .01, P < .001) (Figure 3), but MDA concentration was 
enhanced significantly (Figure 4) (P < .001). Compared to 
the NASH group, there was a significant decrease in the 
lipid peroxidation biomarker level and significant eleva-
tion in antioxidant activity in the Cr group.

Molecular Assessments
Activation of apoptosis signaling pathways (especially 
the death receptor) by ROS has been established.9 
Hence, herein, it was attempted to investigate whether 
crocin administration can control Fas activation and 
its downstream effectors. Compared to the control 
group (Figure 5), induction of NASH resulted in a strong 

Table 1. The Effect of Crocin on Serum Activity Levels of ALT, 
AST, and ALP

Ctrl NASH Cr NASH + Cr

ALT (U/L) 64.9 ± 3.4 303.6 ± 7.1** 85 ± 4.5 123.5 ± 7.7

AST (U/L) 133 ± 2.9 611.7 ± 17.8*** 202.3 ± 
9.3

247.6 ± 
17.9

ALP (U/L) 188 ± 6.2 666 ± 37.1*** 213 ± 6.3 208.1 ± 6.8
Data are expressed as means ± SEM, n = 8 in each group. **P < . 01, ***P < .001 
significant difference compared to mice subjected to NASH model and 
treated with crocin. Ctrl, control; Cr, crocin; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; ALP, alkaline phosphatase.

Table 2. The Effect of Fas Receptor Silencing on Serum 
Concentration of TG, TC, HDL, and LDL

Ctrl NASH Cr NASH + Cr

TC (mmol/L) 83.8 ± 4.2 328.2 ± 
8.9***

79.5 ± 4.1 117.7 ± 
17.7

TG (mmol/L) 72.1 ± 3.5 258.6 ± 7.8** 74 ± 4.6 76.7 ± 6.9

LDL (mmol/L) 23.3 ± 0.8 54.5 ± 2.8* 22.5 ± 1.3 34.7 ± 4.1

HDL (mmol/L) 49.7 ± 1.3 17.8 ± 0.9*** 48.3 ± 1.9 42.8 ± 1.8
Data are expressed as means ± SEM, n = 8 in each group. ***P < .001 signifi-
cant difference compared to mice subjected to NASH model and treated 
with crocin. Ctrl, control; Cr, crocin; TG, triglyceride; TC, total cholesterol; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Figure 3. The effect of crocin on antioxidant activity of GPx (A), and SOD (B). Data are expressed as means ± SEM, n = 8 in each group. 
***P < .001 significant difference compared to mice subjected to NASH model. Ctrl, control; Cr, crocin; GPx, glutathione peroxidase; SOD, 

superoxide dismutase.
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increase in expression levels of Fas receptor and caspase 
-3 gene in the liver (P < .001), and crocin significantly 
attenuated these alterations compared to the NASH 
group (P < .05).

As an oxidative stress-responsive transcription factor, 
NF-κB appears to be involved in non-apoptotic Fas-
induced inflammatory pathways. Our findings revealed 
a significant increase in the level of NF-κB gene expres-
sion following NASH induction (P < .001). According to 
Figure 5C, crocin administration could downregulate the 
hepatic level of NF-κB gene expression, compared to the 
results in the NASH group (P < .01).

In analyzing inflammatory response, TNF-α hepatic level 
was considered, which may be regulated by NF-κB to 
promote liver injury. As expected, considerable elevation 
was achieved in TNF-α concentration in the liver of mice 
in the NASH groups’ (P < .001). However, animals treated 

Figure 4. The effect of crocin on antioxidant concentration of lipid 
peroxidation marker, MDA. Data are expressed as means ± SEM,  

n = 8 in each group. ***P < .001 significant difference compared to 
mice subjected to NASH model. Ctrl, control; Cr, crocin; MDA, 

malondialdehyde.

Figure 5. The effect of crocin on gene expression levels of Fas (A), caspase3 (B) and NF-κB (C). Data are expressed as means ± SEM, n = 8 
in each group. **P < .01 and ***P < .001 significant difference compared to mice subjected to NASH model. Ctrl, control; Cr, crocin; NF-κB, 

nuclear factor kappa B.
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with crocin showed a significant suppression in hepatic 
TNF-α level, as confirmed by a decrease in hepatocellular 
degeneration and inflammatory infiltrate in comparison 
with the NASH group (P < .05) (Figure 6).

DISCUSSION
Due to the rising trend of the disproportionate intake of 
a fat-rich diet along with consumption of carbohydrate-
rich foods known as “fast food” or “cafeteria-style” food 
that has increased over the past decades, NAFLD/NASH 
has to be considered as the most common liver disease 
globally.21 In this context, cigarette smoke has been intro-
duced as an exacerbating cofactor contributing to dis-
ease aggravation.

Despite the growing efforts to achieve an effective treat-
ment for NASH, the current therapeutic strategies are 
mostly based on lifestyle management of modifiable risk 
factors.22,23

Besides, due to the complex mechanisms involved, iden-
tifying the molecular role of agents driving the pathogen-
esis of NASH as therapeutic targets would be essential in 
effective drug discovery.24

Cell death, as the critical mechanism of NASH progres-
sion, results in hepatocyte injury and inflammation, and 
oxidative stress plays a central role in mediating these 
cellular damages.

Crocin is well known for its medical properties, especially 
as antioxidant in different tissues.25 Therefore, here, cro-
cin was chosen based on its activity.

To the best of our knowledge, this is the first study focus-
ing on the effects of crocin on liver injury in experimental 
mouse model of NASH.

The relationship between activation of Fas receptor, oxi-
dative stress, hepatic cell injury, and inflammation signal-
ing, all of which have been implicated to be involved in 
NASH progression, was evaluated. According to our prom-
ising results, crocin can be introduced as a potential agent 
against hepatic damage based on its regulatory function 
that counteracts the expression of NASH-related genes 
and biochemical changes.

The results of this study indicated that sub-chronic feed-
ing of mice with a Western diet and exposure to ciga-
rette smoke, similar to those habits currently found in our 
human lifestyle, could lead to induction of steatosis, bal-
looning degeneration, and an inflammation infiltrate that 
histologically confirmed the development of NASH.

In our study, crocin treatment was found to reduce 
NASH-related histopathological features, and was asso-
ciated with improvement of lipid profile and hepatic 
enzyme serum levels.

The liver, as a major organ, is mostly exposed to ROS 
which mediate tissue damage.26 On the other hand, oxi-
dative stress, as a factor that affects liver disease, is an 
important cause of the severity and progression of the 
diseases.26,27

Increased hepatic MDA concentration, as an indicator of 
lipid peroxidation, and decreased SOD and GPx activity 
levels have all been shown in NASH group of mice, which 
are commonly referred to as oxidative stress. As expected, 
crocin was able to reverse these alterations, thereby con-
firming its antioxidant role in the NASH model.

These results are in accordance with the previous find-
ings reporting the central role of oxidative stress in patho-
genesis of NAFLD. In addition to the decreased activity 
levels of hepatic antioxidant enzymes, MDA level has 
been also found to increase in patients with NAFLD.28,29 In 
a preclinical model of NASH, a significant decrease was 
also shown in gene expression levels or activity of SOD, 
GPx, and catalase (CAT).30 Thus, several studies have 

Figure 6. The effect of crocin on hepatic inflammatory cytokine 
levels. TNF-α. Data are expressed as means ± SEM, n = 8 in each 
group. **P < .01 and ***P < .001 significant difference compared to 
mice subjected to NASH model. Ctrl, control; Cr, crocin; TNF-α, 

tumor necrosis factor-α.
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suggested that higher levels of oxidative stress biomark-
ers are associated with the increased odds for disease 
exacerbation.31,32 Accordingly, oxidative stress could be 
considered as a major factor contributing to the progres-
sion of NAFLD.33,34

Oxidative stress can also trigger steatohepatitis, pro-
moting cell death.10,34 Therefore, in the next step of the 
study, the effect of crocin on expression of Fas (CD95/
Apo-1) receptor was confirmed, which is considered to be 
an important inducer of apoptosis, known as the major 
mechanism of cell death.4

This receptor is normally expressed on hepatocytes and 
has been implicated to be involved in NASH development 
according to its enhanced expression level in patients.7 It 
has been found to make the liver more vulnerable to dam-
ages mediated by the activation of apoptotic and non-
apoptotic signaling pathways.35 Hence, herein, it was 
attempted to investigate the probable effect of crocin 
on alterations in the Fas signaling pathways involved in 
development of NASH. In this regard, several studies 
have demonstrated that the Fas receptor can activate 
downstream caspase 3 gene expression in the extrin-
sic apoptotic pathway that can be triggered with oxi-
dative stress.9 Compared to the controls, NASH mice 
showed pronounced expression of Fas receptor protein, 
as determined by IHC staining on hepatocytes. It was also 
accompanied by the elevated expression levels of Fas and 
caspase-3 genes, indicating Fas signaling involvement. 
Together with the decrease in expression of Fas and cas-
pase-3 mRNAs, low levels of Fas-positive hepatocytes in 
our IHC staining were achieved after crocin administration.

Although one of the main roles of ROS during NASH pro-
gression is induction of the Fas receptor ligand and con-
sequently, activation of Fas signaling, it has been reported 
that ligation of Fas, in turn, results in more ROS produc-
tion and pronounced cell death.

On this basis, it can be concluded that the protective 
effect of crocin is probably due to inhibition of excessive 
ROS production.

Accordingly, our results, showing that treatment with 
crocin was able to attenuate expression of the Fas and 
caspase-3 genes, raised the probability of its therapeutic 
potential as an anti-apoptotic candidate in the context 
of NASH therapy, as previously demonstrated in several 
models of tissue injury.36

In addition to caspase-related apoptotic signaling, acti-
vation of the Fas receptor may also contribute to non-
apoptotic signaling including inflammatory responses, 
thereby leading to activation of NF-κB and enhancement 
of pro-inflammatory functions.6

As expected, crocin was effectively able to attenuate 
NASH-induced increase in hepatic TNF-α content and its 
anti-inflammatory capacity was shown to be mediated by 
downregulation of NF-κB expression. This was in accor-
dance with the previous reports indicating crocin’s ability 
to alleviate inflammation-driven tissue injuries in part by 
suppression of NF-κB expression.37

In our previous study, we provided the evidence regarding 
the importance of suppression of Fas signaling involved in 
development of NASH.17

Therefore, in this research, we attempted to assess a 
hypothesis based on the possible role of crocin in modu-
lation of Fas receptor signaling for NASH therapy.

Altogether, based on these observations, it can be said 
that crocin might be able to improve the deficient hepatic 
functions induced in the mouse model of NASH.

CONCLUSION
Overexpression of the Fas (CD95) receptor has been 
shown in liver disease, and oxidative stress has been 
introduced as the main contributor to hepatic damage 
in NASH, which appears to activate the Fas signaling 
pathway. Therefore, in the present study, the potential 
therapeutic effect of crocin on NASH features includ-
ing inflammation and hepatocyte injury in the setting of 
hepatic steatosis was evaluated. Our findings indicated 
that crocin effectively controlled the NASH-induced 
hepatocellular damage by suppression of oxidative stress 
and activation of Fas death receptor.

Ethics Committee Approval: The study was approved by the experi-
mental animals ethics committee of Ahvaz Jundishapur University 
of Medical Science (IR.AJUMS.ABHC.REC.1398.043).

Informed Consent: N/A.

Peer-review: Externally peer-reviewed.

Author Contributions: Design – M.S.A.; Supervision – M.S.A.; 
Resources – K.M.; Materials – K.M.; Data Collection and/or Processing 



Turk J  Gastroenterol  2022;  33(6) :  505-514Mard et  a l .  Fas Receptor Down Regulation in NASH Model

513

– S.F.; Analysis and/or Interpretation – S.F., R.A.; Writing Manuscript 
– S.F.; Critical Review – M.S.A.

Acknowledgment: The authors express their gratitude for the help 
and general support from the Alimentary Tract Research Center, 
Imam Khomeini Hospital Clinical Research Development Unit, Ahvaz 
Jundishapur University of Medical Sciences (grant No. RDC-9803).

Declaration of Interest: The authors have no conflict of interest to 
declare.

Funding: All experiments were performed in the Alimentary Tract 
Research Center, Imam Khomeini Hospital Clinical Research 
Development Unit, Ahvaz Jundishapur University of Medical 
Sciences (Grant No. RDC-9803), Ahvaz, Iran.

Availability of Data: The data that support the findings of this study 
are available and can be provided by Feryal Savari who is writing her 
thesis based on the current study. Unfortunately the data is not 
publicly available yet.

REFERENCES
1. Seki E, Schwabe RF. Hepatic inflammation and fibrosis: functional 
links and key pathways. Hepatology. 2015;61(3):1066-1079. 
[CrossRef]
2. Mirmiran P, Amirhamidi Z, Ejtahed HS, Bahadoran Z, Azizi F. Rela-
tionship between diet and non-alcoholic fatty liver disease: a review 
article. Iran J Public Health. 2017;46(8):1007-1017.
3. Chen Z, Yu R, Xiong Y, Du F, Zhu S. A vicious circle between insulin 
resistance and inflammation in nonalcoholic fatty liver disease. 
Lipids Health Dis. 2017;16(1):203. [CrossRef]
4. Guicciardi ME, Malhi H, Mott JL, Gores GJ. Apoptosis and necrosis 
in the liver. Compr Physiol. 2013;3(2):977-1010. [CrossRef]
5. Alkhouri N, Carter-Kent C, Feldstein AE. Apoptosis in nonalcoholic 
fatty liver disease: diagnostic and therapeutic implications. Expert 
Rev Gastroenterol Hepatol. 2011;5(2):201-212. [CrossRef]
6. Le Gallo M, Poissonnier A, Blanco P, Legembre P. CD95/Fas, non-
apoptotic signaling pathways, and kinases. Front Immunol. 
2017;8:1216. [CrossRef]
7. JJM. Pathogenesis of NAFLD and NASH. In: Chalasani N., Szabo G., 
eds. Alcoholic and Non-Alcoholic Fatty Liver Disease. Cham, Swit-
zerland: Springer; 2016.
8. Cullen SP, Martin SJ. Fas and TRAIL ‘death receptors’ as initiators 
of inflammation: implications for cancer. Semin Cell Dev Biol. 
2015;39:26-34. [CrossRef]
9. Redza-Dutordoir M, Averill-Bates DA. Activation of apoptosis sig-
nalling pathways by reactive oxygen species. Biochim biophys acta. 
2016;1863(12):2977-2992. [CrossRef]
10. Kanda T, Matsuoka S, Yamazaki M, et al. Apoptosis and non-
alcoholic fatty liver diseases. World J Gastroenterol. 2018;24(25):2661-
2672. [CrossRef]
11. Younossi ZM, Loomba R, Rinella ME, et al. Current and future 
therapeutic regimens for nonalcoholic fatty liver disease and nonal-
coholic steatohepatitis. Hepatology. 2018;68(1):361-371. [CrossRef]
12. Gedik S, Erdemli ME, Gul M, et al. Hepatoprotective effects of 
crocin on biochemical and histopathological alterations following 

acrylamide-induced liver injury in Wistar rats. Biomed Pharmacother. 
2017;95:764-770. [CrossRef]
13. Yaribeygi H, Mohammadi MT, Sahebkar A. Crocin potentiates 
antioxidant defense system and improves oxidative damage in liver 
tissue in diabetic rats. Biomed Pharmacother. 2018;98:333-337. 
[CrossRef]
14. Yarijani ZM, Pourmotabbed A, Pourmotabbed T, Najafi H. Crocin 
has anti-inflammatory and protective effects in ischemia-reperfu-
sion induced renal injuries. Iran J Basic Med Sci. 2017;20(7):753-759. 
[CrossRef]
15. Yorgun MA, Rashid K, Aslanidis A, Bresgen C, Dannhausen K, 
Langmann T. Crocin, a plant-derived carotenoid, modulates micro-
glial reactivity. Biochem Biophys Rep. 2017;12:245-250. [CrossRef]
16. Savari F, Mard SA, Badavi M, Rezaie A, Gharib-Naseri MK. A new 
method to induce nonalcoholic steatohepatitis (NASH) in mice. BMC 
Gastroenterol. 2019;19(1):125. [CrossRef]
17. Savari F, Badavi M, Rezaie A, Gharib-Naseri MK, Mard SA. Evalu-
ation of the therapeutic potential effect of Fas receptor gene knock-
down in experimental model of non-alcoholic steatohepatitis. Free 
Radic Res. 2019;53(5):486-496. [CrossRef]
18. Algandaby MM. Antifibrotic effects of crocin on thioacetamide-
induced liver fibrosis in mice. Saudi J Biol Sci. 2018;25(4):747-754. 
[CrossRef]
19. Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation 
of a histological scoring system for nonalcoholic fatty liver disease. 
Hepatology. 2005;41(6):1313-1321. [CrossRef]
20. Sellmann C, Priebs J, Landmann M, et al. Diets rich in fructose, 
fat or fructose and fat alter intestinal barrier function and lead to 
the development of nonalcoholic fatty liver disease over time. J Nutr 
Biochem. 2015;26(11):1183-1192. [CrossRef]
21. Ragab SM, Abd Elghaffar SKh, El-Metwally TH, Badr G, 
Mahmoud MH, Omar HM. Effect of a high fat, high sucrose diet on 
the promotion of non-alcoholic fatty liver disease in male rats: the 
ameliorative role of three natural compounds. Lipids Health Dis. 
2015;14:83. [CrossRef]
22. Dibba P, Li AA, Perumpail BJ, et al. Emerging therapeutic targets 
and experimental drugs for the treatment of NAFLD. Diseases. 
2018;6(3). [CrossRef]
23. Connolly JJ, Ooka K, Lim JK. Future pharmacotherapy for non-
alcoholic steatohepatitis (NASH): review of phase 2 and 3 trials. J 
Clin Transl Hepatol. 2018;6(3):264-275. [CrossRef]
24. Cai J, Zhang XJ, Li H. Progress and challenges in the prevention 
and control of nonalcoholic fatty liver disease. Med Res Rev. 
2019;39(1):328-348. [CrossRef]
25. Li K, Li Y, Ma Z, Zhao J. Crocin exerts anti-inflammatory and anti-
catabolic effects on rat intervertebral discs by suppressing the acti-
vation of JNK. Int J Mol Med. 2015;36(5):1291-1299. [CrossRef]
26. Li S, Tan HY, Wang N, et al. The role of oxidative stress and anti-
oxidants in liver diseases. Int J Mol Sci. 2015;16(11):26087-26124. 
[CrossRef]
27. Amiri M. Oxidative stress and free radicals in liver and kidney 
diseases: an updated short-review. J Nephropathol. 
2018;7(3):127-131.
28. Ore A, Akinloye OA. Oxidative stress and antioxidant biomarkers 
in clinical and experimental models of non-alcoholic fatty liver dis-
ease. Med. 2019;55(2). [CrossRef]
29. Arroyave-Ospina JC, Wu Z, Geng Y, Moshage H. Role of oxidative 
stress in the pathogenesis of non-alcoholic fatty liver disease: impli-
cations for prevention and therapy. Antioxidants. 2021;10(2). 
[CrossRef]

https://doi.org/10.1002/hep.27332
https://doi.org/10.1186/s12944-017-0572-9
https://doi.org/10.1002/cphy.c120020
https://doi.org/10.1586/egh.11.6
https://doi.org/10.3389/fimmu.2017.01216
https://doi.org/10.1016/j.semcdb.2015.01.012
https://doi.org/10.1016/j.bbamcr.2016.09.012
https://doi.org/10.3748/wjg.v24.i25.2661
https://doi.org/10.1002/hep.29724
https://doi.org/10.1016/j.biopha.2017.08.139
https://doi.org/10.1016/j.biopha.2017.12.077
https://doi.org/10.22038/IJBMS.2017.9005
https://doi.org/10.1016/j.bbrep.2017.09.007
https://doi.org/10.1186/s12876-019-1041-x
https://doi.org/10.1080/10715762.2019.1608982
https://doi.org/10.1016/j.sjbs.2016.10.007
https://doi.org/10.1002/hep.20701
https://doi.org/10.1016/j.jnutbio.2015.05.011
https://doi.org/10.1186/s12944-015-0087-1
https://doi.org/10.3390/diseases6030083
https://doi.org/10.14218/JCTH.2017.00056
https://doi.org/10.1002/med.21515
https://doi.org/10.3892/ijmm.2015.2359
https://doi.org/10.3390/ijms161125942
https://doi.org/10.3390/medicina55020026
https://doi.org/10.3390/antiox10020174


Mard et  a l .  Fas Receptor Down Regulation in NASH ModelTurk J  Gastroenterol  2022;  33(6) :  505-514

514

30. Boland ML, Oldham S, Boland BB, et al. Nonalcoholic steato-
hepatitis severity is defined by a failure in compensatory antioxidant 
capacity in the setting of mitochondrial dysfunction. World J Gas-
troenterol. 2018;24(16):1748-1765. [CrossRef]
31. Zelber-Sagi S, Ivancovsky-Wajcman D, Fliss-Isakov N, et al. 
Serum malondialdehyde is associated with non-alcoholic fatty liver 
and related liver damage differentially in men and women. Antioxi-
dants. 2020;9(7). [CrossRef]
32. Shah RA, Kowdley KV. Serum ferritin as a biomarker for NAFLD: 
ready for prime time? Hepatol Int. 2019;13(2):110-112. [CrossRef]
33. Ucar F, Sezer S, Erdogan S, Akyol S, Armutcu F, Akyol O. The 
relationship between oxidative stress and nonalcoholic fatty liver 
disease: its effects on the development of nonalcoholic steatohepa-
titis. Redox Rep. 2013;18(4):127-133. [CrossRef]

34. Masarone M, Rosato V, Dallio M, et al. Role of oxidative stress in 
pathophysiology of nonalcoholic fatty liver disease. Oxid Med Cell 
Longev. 2018;2018:9547613. [CrossRef]
35. Faletti L, Peintner L, Neumann S, et al. TNFalpha sensitizes 
hepatocytes to FASL-induced apoptosis by NFkappaB-mediated 
Fas upregulation. Cell Death Dis. 2018;9(9):909. [CrossRef]
36. Oruc S, Gönül Y, Tunay K, et al. The antioxidant and antiapop-
totic effects of crocin pretreatment on global cerebral ischemia rep-
erfusion injury induced by four vessels occlusion in rats. Life Sci. 
2016;154:79-86. [CrossRef]
37. Zhang L, Previn R, Lu L, Liao RF, Jin Y, Wang RK. Crocin, a natural 
product attenuates lipopolysaccharide-induced anxiety and depres-
sive-like behaviors through suppressing NF-kB and NLRP3 signaling 
pathway. Brain Res Bull. 2018;142:352-359. [CrossRef]

https://doi.org/10.3748/wjg.v24.i16.1748
https://doi.org/10.3390/antiox9070578
https://doi.org/10.1007/s12072-019-09934-7
https://doi.org/10.1179/1351000213Y.0000000050
https://doi.org/10.1155/2018/9547613
https://doi.org/10.1038/s41419-018-0935-9
https://doi.org/10.1016/j.lfs.2016.04.028
https://doi.org/10.1016/j.brainresbull.2018.08.021

