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Inhibitory Effect of Crocin on Hepatic Steatosis in the Rats Fed with High Fat Diet
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Abstract: Non-Alcoholic Fatty Liver Disease (NAFLD) is now recognized as the most common type of liver
disease and might lead to an important public health problem. The aimn of the present study was to evaluate the
protective effects of Crocin, a unique water-soluble glycosylated carotenoid in the stigmas of the Crocus
sativies Linne and in the fruits of Gardenia jasminoides Ellis, on rat high fat diet-induced hepatic steatosis
model. Male Wistar rats were given either control diet, lugh fat diet alone or lugh fat diet plus Crocin via gavage
at different doses (25, 50 and 100 mg/kg/day) for 4 weeks in different experimental groups. The serum levels of
Triglyceride (TG), Total Cholesterol (TC), Low-Density Lipoprotein (LDL-C), Very Low-Density Lipoprotein
(VLDL-C) and High-Density Lipoprotein (HDIL-C) were detected to determine deleterious metabolic effects.
Aminotransferases, Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST) were measured
to determine hepatocyte iury. Alkaline Phosphatase (ALP) and bilirubin were measured to assess biliary
function. Albumin was measured to reflect liver synthetic function. The lipid peroxidation product,
Malondialdehyde (MDA) and reduced Glutathione (GSH) content was measured to assess free radical activity
in the liver tissues. The enzymatic activities of Glutathione Peroxidase (GSH-Px), Superoxide Dismutase (SOD)
and Catalase (CAT) were measured as indicators of antioxidation in hiver tissue. Fmally, the biochemical
findings were matched with histopathological verifications. After 4 weeks, high fat diet caused deleterious
metabolic effects including hypertriglyceridemia, hypercholesterolemia and liver dysfunction. Rats fed high fat
diet alone showed increased activities of hepatocellular enzymes in plasma, significant decline in antioxidants
and elevated lipid peroxidation indices in hiver. Crocin treatment significantly reduced elevated markers of Liver
tissue myury and lipid peroxidation product (MDA) and brought back the liver antioxidants and the over
accumulation lipids in serum towards normal. Histopathology of the liver confirmed the changes induced by
high fat diet and the heptoprotective effect of Crocin. Crocin exerts protective effects against hepatic steatosis
m rats fed with lugh fat diet possibly through its antioxidant actions.
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INTRODUCTION

Non Alcoholic Fatty Liver Disease (NAFLD) as a
global problem, human epidemics are usually afflicted and
is associated with obesity, hyperlipidemia and type 2
diabetes mellitus. Research has shown that feed with
high-fat diet leads to hepatic steatosis (Assy et al., 2000).
Triglycerides and cholesterol are of important biological
lipids of body that excess get them through the diet is
resulted in hypertriglyceridemia (Hokanson, 2002,
Kametani et al, 2002) and hypercholestrolemia
(Walldius et al, 2004). NAFLD i1s diagnosed by
accumulation of triglycerides in the hepatocytes in
consequence of the esterification of free fatty acids and
glycerol. Increase m free fatty acids in the liver 1s driven
from three separate sources includes lipolysis (hydrolysis
of glycerol and fatty acid from triglycerides) in adipose

tissue, hugh fat diet and de novo lipogenesis (Postic and
Girard, 2008). Tn contrast, fatty acids may used through
B-oxidation, de novo esterification to triglycerides and
store as fat droplets or excretion in the form of VLDL.
Thus, accumulation of fat in the liver can occurs in results
of mcrease the synthesis of fat, reduce in fat excretion or
reduce in them oxidation. Donnelly et al. (2005) showed
that 60% of liver triglyceride content is driven from influx
of fatty acids from adipose tissue, 26% from de novo
lipogenesis and 15% from the diet (Donnelly et al., 2005).
Nonalcoholic fatty liver is associated with some
histopathologic changes which 1s different from steatosis
to cirrhosis (Dixon et al., 2001; Angulo and Lindor, 2002;
Clark et al., 2002, Farrell, 2003). Tt was formerly believed
that steatosis 13 a simple phenomenon and has no
complications. However, now a days it is known that fatty
liver is vulnerable to factors such as oxidative stress and
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can lead to Steatohepatitis which is associated with
necrosis, inflammation, fibrosis and cirthosis (Tames and
Day, 1999; Omremus et af., 2007). In the pathogenesis of
nonalcoholic  steatohepatitis 15 assumed that the
accumulation of triglycerides in the liver or steatosis will
vield to increases the susceptibility of liver to the
damages caused by inflammatory cytokines and
lymphokines, mitochondrial dysfinction and oxidative
stress (Day, 2006, Day and James, 1998). Barbuio et al.
(2007) showed that oxidative stress is effective in
alteration of steatosis to steatohepatitis (Barbuio et al.,
2007). However, although liver steatosis may lead to
complete hepatic failure but appropriate and ideal
treatment is not established (Angulo and Lindor, 2002).
Biological materials with plant origin forms modemn
branch pharmacotherapy of disease. Although, various
pharmacologic agents exist to treat various diseases but
most patients cannot tolerate the side effects of chemical
drugs from one hand and plants have very few side
effects on patients from other hands. Obviously, it is
necessary that several studies must be done on the new
drugs in several stages before their entrance to the field
of medicine. Crocin as a glycosylated carotenoid is
an agent which has hypocholesterolemic and
hypertriglyceridemic effects (He et al., 2005). Several
studies have shown that Croein has multiple
pharmacologic effects such as protective effect against
cardiovascular disease (He et al., 2005; Shen and Qian,
2006; Xiang et al, 2006), preventive effect from
proliferation of tumor cells (Magesh et al, 2006)
neroprotective (Ahmad et al, 2005; Ochiai et al., 2004)
and hepatoprotective (Tseng et al, 1995) effects.
However, among the various protective mechanisms, the
antioxidant activity of Crocin is considered responsible
for its pharmacological effects (Magesh et af, 2006).
By consideration of antioxidant and hypolipidemic
(Sheng et al., 2006) effects of crocin, this matter it will
probably be able to protect the liver from steatosis.
However, no studies concerming the effect of crocin on
the liver steatosis in high fat diet fed-rats are available in
the literature. This study examined the hypothesis that
crocin supplementation prevents liver steatosis in a high
fat diet model. The results of this study demonstrate that
crocin supplementation prevents liver steatosis and
decreases oxidative stress in hepatocytes exposed to high
levels of lipid.

MATERIALS AND METHODS

This study carried out during 2010 in the research
center of TIslamic Azad University. All procedures
were conducted under supervision of Animal Rights
Monitoring Committee of Islamic Azad University
Research Center.

Animals: Sixty male Wistar rats, weighted 180+20 g and
aged 9 weeks old were obtained from the ammal breeding
center of Tslamic Azad University. The rats were divided
into 6 equal groups of 10 animals including: normal
control, normal rats fed high-fat diets, normal rats fed
high-fat diets plus Clofubrate, 4-6 rats which are fed
high-fat diets plus different levels of Crocin (25, 50
and 100 mg/kg/day). Management and husbandry
conditions were identical in all groups with 12/12 h
light/dark cycle at 21+£2°C. Food and water were provided
ad libitum.

Experimental plan: In rats were fed with high-fat diets
used of high-fat emulsion which its formula 1s shown in
Table 1, to induce hepatic steatosis based on Zou et al.
(2006) Method. All treatment groups received high-fat
emulsion at the dose of 10 mL kg™ daily at morning
8 o’clock for 4 weeks. Simultaneously, control group
received normal saline in same dosage. Rat’s of groups
4-6 beside of high-fat emulsion received Crocin at the
dose of 25, 50 and 100 mg/kg/day. Group 3 beside
of high-fat emulsion received Clofubrate at the dose
of 320 mg/kg/day through gavage as suspension in
the 2 mL kg~ methylcellulose 0.5% (Sheng et al., 2006).
Control group received 2 ml. kg™ methylcellulose 5%.

Biochemical factors evaluation: At the end of the
experiment, blood samples were collected from the retro-
orbital plexus and the sera prepared through centrifuging
at 2500xg for 15 min at 30°C. After 12 h fasting, blood
glucose and serum biomarkers of liver function including
ALT, AST (Reitman and Frankel, 1957), LDH (Martinek,
1972), albumin, TP (Lowry et al., 1951) and total bilirubin
(Malloy and Evelyn, 1937) were measured using
commercially available kits.

Measurement of antioxidant activity: All experimental rats
were euthanized by cervical dislocation. The rat’s liver
were removed immediately and washed in normal saline
and homogenate 10% prepared in 1.15% w/v of potassium
chloride. The homogenate was centrifuged m 7000xg for
10 min at 4°C and supernatant were used for measurement

Table 1: Composition of high-fat emulsion gavaged to rats

Constituents Amount
Corn oil 400.0 g
Sacarose 150.0¢g
Milk powder 0.0 g
Cholesterol 100.0 g
Sodium decxy colat 10.0g
Tween 80 3604¢g
Propilen glikol 3l.lg
Multi vitamin 25¢g
Salt 10.0g
Minerals 15¢g
Normal saline 300.0 mL
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of oxidative stress by determination of Malondialdehyde
(MDA) as well as Antioxidant Enzymes (AOE) such as
Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GSH-PX) and glutathione reductase. MDA,
SOD, CAT and GSH-PX, GR were measured by using
commercially available kits according to the manufacture’s
protocol (Namjing Jiancheng Bioengineering Institute,
Nanjng, China). Liver homogenate MDA levels were
expressed as nmol MDA per mg protein and antioxidant
activity was expressed as arbitrary units per mg
protein.

Degree of lipid peroxidaton in kidney tissue
homogenates was determined in terms of Thicbarbituric
Acid Reactive Substances (TBARSs) formation by
following the protocol of Esterbauer and Cheeseman
(1990). SOD activity was measured by Nishikimi Method
(Nishikimi ez al., 1972) and was modified by Kakkar
Method (Kakkar et al., 1984). Each unit of SOD activity
was determmed as required enzyme concentration for
prohibition of creation color at 1 mimn, under study
conditions. CAT activity was measured by Claiborne
Method (Clairborne, 1986) and was based on hydrogen
peroxide breakdown. GPX activity was measured by
Rotruck Method (Rotruck et al., 1973) and was expressed
as micromole of GS3G/minute/milligram of protein, based
on blew reaction:

2M,0 + GSSG - 1,0, + 2GSH

GR activity was measured by Mohandas Method
(Mohandas et al., 1984) based on blew reaction:

NADPH + H' + GSSG -~ NADP' + 2GSH

Microscopic studies: A small piece of hepatic tissue from
the anterior portion of the left lateral lobe was removed for
histological analysis. The sample was fixed by immersing
it in 10% neutral-buffered formalin. The sample was then
embedded in paraffin, sliced into 5 pm sections and
stamed with hematoxyln-eosin for blinded histological
assessment (Lee and TLuna, 1968). Hepatocytes were

assayed from fatty changes aspect like a mentioned
method by Burt ez al. (1998) and Wang et al. (2009) and
steatosis were degreed from 0-4 (0: without steatosis, 1:
<25% steatosis, 2: approximately 26-50% steatosis, 3:
approximately 51-75% steatosis, 4: >76% steatosis). The
stained 5 um sections were graded as follows: 0, absent;
I, minimal; IT, mild; 0T, modest; IV, severe. The histological
changes were evaluated in nonconsecutive, randomly
chosen x200 histological fields using light microscope,
NIKON ECLIPSE E200 (Shen et ai., 2009).

Statistical analysis: The Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL, USA), Version 13.0 was
used for statistical analysis. All data are presented as
mean+SEM. Before statistical analysis, all variables were
checked for normality and homogeneity of variance by
using the Kolmogorov-Smirnoff and TLevene tests,
respectively. The data obtained were tested by ANOVA
followed by Tukey’s post-hoc multiple comparison test.
Pp<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Effect of Crocin on the biochemical parameters of liver
damage caused by feeding high-fat diet: In Group 2, ALT,
AST, ALP and TB increased and TP and Alb decreased
significantly mn compared with control group (p<0.01). In
Group 3 and 6, high levels of ALT, AST, ALP and TB
decreased to normal levels and levels of TP and Alb
increased to their normal boundaries (p<0.01). In Group 5,
levels of ALT, AST, ALP and TB decreased and levels of
TP and Alb mcreased but not reached to normal levels
(p<0.05). In Group 4 no significant changes observed
(Table 2).

Histopathological findings: In microscopic studies no
abnormalities was found in the livers of control group rats
(Fig. 1A). But in Group 2 rats” which fed with high-fat diet
for 4 weeks, sever steatosis was found as micro and
macrovesicular fatty changes accompanied hepatitis
(Fig. 1B). Clofubrate prevent from steatosis in Group 3 rats

Table 2: Effect of Crocin on serurn biochernical parameters in hepatic steatosis consequence of high-fat diet

Riochemical parameters

Groups ALT(UL™)  AST(@UL™ ALP QUL TB (Mg dL) ALB (g dL7Y TP (g dL7Y
1 (control) 54.8242.36%  68.00£1 710 194.87£0,03" 0.810,03%* 4,380, 425% 8.28+0, 5§
2 (high-fat diet) 71.25£3.12%F  03.21+2.06 28L.67E11.25  1.2040, 07 3.12:£0,21° 55640, 45
3 (high-fat diet+Clofibrate) 55.00+2. 474 68.21+1. 34 208.92+8.09 0.87+0,06% 4.32:40,36" 7.26+0, 47+

4 (high-fat diet+Crocin 25 mg kg™) 69.5543.327 89,7643, 24 275.61+9.65%7 1.25+0. 06 3.330,27 5.65+0,42
5 (high-fat diet+Crocin 50 mg ke 62.56+2.95% 78.30+2.61® 235.62+6.91% 1.0620.05% 3,730,265 6.16+0,43®

6 (high-fat diet+Crocin 100 mgkg™)  56.30+2.64% 60.0142.15% 214.88+8. 500 0.85:0, 40 4,310,345 7.21:+0, 52+

ANOVA p =0.000 p =0.000 P=0.000 p =0.000 p =0.000 £ =0.000

Values are presented as meant=SEM for 10 rats in each group. *Significant difference with Group 1; *Significant difference with Group 2; “Significant difference
with Group 3; Significant difference with Group 4; *Significant difference with Group 5; ‘Significant difference with Group 6 (p<0.05)
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Fig. 1: A) Control group, B) High-fat diet group; C) High-
fat diet + Clofubrate; D) High-fat diet + Crocin
25 mg kg~'; E) High-fat diet + Crocin 50 mg kg™
and F) High-fat diet + Crocin 100mg kg™ H&E 40x

Table 3: Effect of Crocin on the hepatic steatosis in rats fed high-fat diet
Hepatic steatosis grading

Groups 0 1 2 3 4 p-value
1 10 0 0 0 0

2 0 0 1 2 7 d

3 5 3 2 0 0 b

4 0 1 1 3 5 c

5 1 3 5 1 0 a

6 5 2 3 0 0 b

Each group contains 10 rats. *p<<0.05; ®*p<0.01 in compared with groups fed
high-fat diet. °®p<<0.05; %p<<0.01 in compared with control group

(Fig. 1C). In Group 5 and 6, Crocin prevent from fatty
changes 1n hepatocytes as dose-dependently (Fig. 1F and
E). But in Group 4, Crocin cannot prevent from steatosis
(Fig. 1D).

Figure 2 shows microscopic view of hepatic tissue
stained by Oil Red-O Method. Effect of Crocin on the
pathologic grading of hepatic steatosis in rats fed high-fat
diet is shown in Table 3.

Effect of Crocin on metabolism of fat due to high-fat diet:
Clofubrate and Crocin in Group 3 and 6 significantly
decreased markedly mcreased serum levels of TG, total
cholesterol, LDL and VLDI, compared with Group 2
(p<0.001) and sigmficantly mcreased shightly decreased
serum levels of HDL than Group 2 (p<<0.01). In Group 5,
Crocin significantly decreased serum levels of total
cholesterol, LDL and VLDL compared with Group 2

B - e AT A 'R = La g 4
Pk e o Y S .g;- R AT

Fig. 2: A) Control group, B) High-fat diet group, C)
High-fat diet + Clofubrate; D) High-fat diet+Crocin
25 mg kg, E) High-fat diet + Crecin 50 mg kg ™'
and F) High-fat diet + Crocin 100 mg kg ™. Oil red-
O staming 40x

(p<0.01) and significantly increased serum levels of HDI.
than Group 2 (p<<0.05). In Group 4, Crocin can sigrficantly
decrease serum levels of total cholesterol, LDL and VLDL
compared with Group 2 (p<0.05) but cannot sigmficantly
increase serum levels of HDL than Group 2 (Table 4).

Effect of Crocin on anti-oxidative activity of liver in
damage induced by high fat diet: In Group 2, Hepatic
levels of antioxidant enzymes superoxide dismutase,
catalase, glutathione peroxidase and glutathione
reductase compared with Group 1 (normal control),
significantly reduced (p<0.01) and the

malondialdehyde  significantly  increased

levels of
(p=0.01).
Clofubrate and Crocin in Group 3 and 6 sigmficantly
increased markedly decreased levels of SOD, CAT, GPX
and GR compared with Group 2 (p<0.01) and sigmficantly
decreased slightly increased levels of malondialdehyde
than Group 2 (p=0.01) (Table 5).

The mncreased activities of marker enzymes, AST,
ALT and ALP are suggestive of liver mjury
(Chidambarama and Venkatraman, 2010). Because these
serum liver biomarkers disorders have been documented
in hepatic steatosis (Angulo, 2002; Wang et al, 2009;
Chidambarama and Venkatraman, 2010), their levels were
studied. Tncreased plasma activities of AST, ALT and
ALP were found in high fat diet fed rats indicating
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Table 4: Effect of Crocin on lipid levels in rats fed high-fat diet

Groups TG (mgL™) Total cholesterol (mg L™ LDL (mgL™H VLDL (mg L™ HDL (mgL™)
1 93.62+4.26 86.90+3.62 15.77+0.83 17.65+1.12 53.48+3.22

2 238.55+6.95 221.3%+7.86 124.90+£4.75 47.62+2.18 48.87+£2.30

3 100.85+£3.47 112.51+4.34° 27.6241.09° 28.51+1.06° 56.38+4.34°
4 213.75+6.38 193.56+6.24° 101.61+4.65° 41.62+2.56° 50.33+0.27

5 178.56+5.35" 138.30+4.61° 51.7243.71° 32.1542.15° 54.43£3.29
6 95.30+£2.64° 91.8944.15° 16,78+1.25° 17.68+£2.15° 5743234
ANOVA p =0.000 p =0.000 p=0.000 p=0.000 p=0.000

Values are presented as mean+SEM for 10 rats in each group. *p<<0.05; ®p<0.01; *p<0.001

Table 5: Effect of Crocin on anti-oxidative activity of rat livers in steatosis induced by high fat diet

Biochemical parameters

Groups MDA (nmol ¢! protein) SOD (U mg™! protein) CAT (U mg™! protein) GPX (U mg™! protein) GR. (U mg~! protein)
1 3.54+0.16°% 13,6420, 54% 64.66+2.13% 22.84+1.65°% 123.37+5.65%%

2 5,180,210 9,130,320 41,7441, 15F 17490, 830 88,8543, 520

3 3.59+0, 184 12.53+0,52+ 60.84+1,74% 21.95+]1, 547 116,133,427

4 5.15+0.26*F 9.33+0.63%° 43.12+1.16%" 18,120, 942F 90.26=+3. 72+

5 4.86+0.28% 10.7440.47 52.14+1.85% 19.12+1.14% 106.57+3.12%

6 3.62+0.194 12.59+0.53% 62.12+1.81% 20.35+1.34 118.32+4.024
ANOVA p =0.000 p=0.000 p=0.000 p =0.000 p=0.000

Values are presented as mean+=SEM for 10 rats in each group. *Significant difference with Group 1; *Significant difference with Group 2; *Significant difference
with Group 3; *Significant difference with Group 4; *Significant difference with Group 5; ‘Significant difference with Group 6 (p<0.05)

damage to liver cells. These results were consistent with
the findings reported by Chidambarama and Venkatraman
(2010). Treatment with Crocin notably prevented the
elevation of these enzymes to an extent that was
comparable to the Clofibrate. These results are in line with
the findings reported by El-Maraghy who observed the
hepatoprotective action of crocin in iron overload-treated
rats (El-Maraghy et al., 2009).

The biochemical findings were matched with
histopathological verification. Rats fed with high-fat
emulsion for 4 weeks developed a lugher degree of
steatosis. Howevere, listopathological assessment of
liver tissues from high fat emulsion induced rat hepatic
steatosis, displayed the antihepatosteatosis effects of
crocin. Administration of crocin resulted in prevention of
hepatic fatty deposition in hepatocytes. Especially, crocin
at the dose of 100 mg kg™ almost blocked the formation
of steatosis. Histopathological changes in agreement with
biochemical findings were concordant with those of
previously reported (Wang et al., 2009).

The results show that high fat diet caused significant
decreases in SOD, CAT, Gpx and GR activities. The
derangement in enzymatic antioxidant potential indicates
that high fat diet fed rats are unable to cope up with
excess free-radical formation which lead to tissue damage.
A body of evidence indicates that accumulation of fat in
the liver increases the susceptibility to other insults such
as oxidative stress that results in the progression of
steatosis to steatohepatitis, fibrosis and cirrhosis
(Koteish and Diehl, 2002). Considering the recently
recognized association between oxidative stress and
inflammation (Chidambarama and Venkatraman, 2010), the
present experiment confirms that high fat diet could result

in oxidative liver injury. Induction of oxidative stress 1s
evident from the increased peroxidation marker (MDA)
and inadequate antioxidant enzymes status in liver of rats
fed high fat diet. Researchers estimated antioxidant
activities of crocin by determination of hepatic MDA
content and antioxidant enzymes activity. High fat diet fed
caused an increase i liver MDA content but a decrease
in liver antioxidant enzymes activity compared with normal
control group. Crocin supplementation significantly
improved the antioxidant defense mechanisms in high fat
diet fed rats in a concentration-dependent manner among
the tested doses.

These results suggest that the mmbalance between
oxidative stress generation and antioxidants formation
could occur after high fat diet fed and crocin could
prevent this pathological process indicating its
therapeutic and preventive effect on hepatosteatosis
induced by high fat ingestion. Antioxidant activity of
crocin 18 concordant with those of other mvestigators
(Hosseinzadeh et al., 2009; Chen et ai., 2008). The results
of biochemical tests together with histological
observations suggest that crocin treatment lowers
steatosis and prevents peroxidative damage and the
effects are comparable with that of Clofibrate.

To analyze the possible role of Crocin m lipid
metabolism which is the key factor in fatty liver formation,
serum TG, TC, VLDL-C, HDL-C and LDL-C were
investigated. After 4 weeks of treatment, the serum levels
of TG, TC, VL.DL-C and LDI.-C was markedly increased in
the high fat diet fed group compared to those in the
control group. This finding was parallel to the previous
study (Zou et al,, 2006). Treatment of high fat diet fed rats
with crocin showed considerable restoration of lipid levels
to that of control. The mereased serum levels of TG, TC,
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VLDL-C and LDL-C were
whereas the decreased serum HDL-C level was obviously
elevated by crocin treatment in high fat diet fed rat.
Results of the histological changes in lugh fat diet
rats, widespread deposition of lipid droplets inside the

significantly suppressed

parenchymal cells are consistent with the result of the
biochemical analysis. This result suggests that crocin
can prevent hepatosteatosis via downregulation of
accurnulation of lipid i serum and liver. Liver plays a key
role in lipid metabolism. Hepatic steatosis refers to the
excessive accumulation of lipids within hepatocytes
due to imbalance between lipid formation and lipid
degradation (Burt er al,, 1998). Hypercholesterolaemia,
hypertniglyceridaemia, low level of HDL-C and hugh level
of LDL-C are the most common impairments in lipid
homeostasis in patients with steatosis (Angulo and
Lindor, 2002). Previous study has showed crocin has
hypolipidemic effects (Sheng et af., 2006). In this study,
crocin significantly improved both the biochemical and
histological evidence of hepatic lipid accumulation. These
results mdicate that crocin attenuates the disorder of lipid
metabolism in liver resulted from high fat diet fed.

CONCLUSION

This study reveals that Crocin as a glycosylated
carotenoid contained in the stigmas of Crocus sativus
Linne and in the fruits of Gardenia jasminoides Ellis,
prevents high fat fed mduced accumulation of lipid in rat
liver. The preventive effect of Crocin is mediated through
downregulation the levels of TG, TC, VLDL-C and LDL-C
and elevation HDL-C synthesis. These changes are
associated with decreasing in serum biomarkers of hepatic
mjury as well as attenuation of oxidative stress formation
by Crocin treatment. These results demonstrate that
crocin has preventive effects against high fat diet induced
rat fatty liver. Tt is noteworthy that this experiment has
been performed on ammal, so further studies are needed
to examine whether similar findings would be obtained in
humans.
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