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Abstract

Background: CCl, is a widely used xenobiotic for the
purpose of causing liver damage in experimental studies.
In this study, we aimed to reveal the effects of crocin on
liver injury caused by CCl, via free radical scavenging
properties.

Materials and methods: Animals were divided into five
groups of 10: control; corn oil; crocin; CCl,; CCl, +crocin.
Tissue samples were carefully removed and separated for
biochemical and histological investigations.

Results: CCl, administration led to significant increases in
MDA, SOD, CAT and TOS in liver tissue, and AST, ALT and
ALP levels in plasma (p<0.05). In addition, CCl, caused
significant decreases in GSH and TAS (p<0.05). When
animals were treated with crocin, high MDA, SOD, CAT,
TOS levels, and AST and ALP activities decreased and GSH
and TAS levels increased. Control group exhibited normal
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histological appearance; however extensive necrosis
areas were detected in the CCl, group. In the CCl, +crocin
group, pathological changes were markedly decreased
and the appearance of liver tissue was almost similar to
the control groups.

Conclusion: Our results showed that crocin suppresses
oxidative stress with antioxidant properties and has a pro-
tective effect on tissue damage caused by CCI,.

Keywords: CCl; Crocin; Oxidative stress; MDA;
Hepatotoxicity.
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Amag: CCl, deneysel calismalarda karaciger hasarina
neden olmak icin yaygin olarak kullanilan bir ksenobi-
yotiktir. Bu calismada CCl,’iin yol a¢ti31 karaciger hasari
ilizerine, serbest radikal siipiiriicii 6zellikleri olan kro-
sin’in etkilerini ortaya koymay1 amacladik.

Gere¢ ve Yontemler: Hayvanlar bes gruba ayrildi: kontrol;
musir yagi; krosin; CCl,; CCl, +krosin. Doku érnekleri dik-
katli bir sekilde cikarilarak, biyokimyasal ve histolojik
incelemeler icin ayrildi.

Bulgular: CCl, uygulamasi, karaciger dokusunda MDA,
SOD, CAT ve TOS ile plazmada AST, ALT ve ALP diizeyle-
rinde anlaml artislara yol acmistir (p <0.05). Ayrica CCl,,
GSH ve TAS’de anlamli diisiise neden olmustur (p < 0.05).
Hayvanlar krosin ile tedavi edildiginde yiiksek olan MDA,
SOD, CAT, TOS diizeyleri ve AST ve ALP aktiviteleri aza-
lirken GSH ve TAS seviyeleri ise artis gosterdi. Kontrol
grubu normal histolojik goriiniim sergiledi; ancak CCl,
grubunda genis nekroz alanlar tespit edildi. CCl, + krosin
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grubunda patolojik degisiklikler belirgin olarak azaldi ve
karaciger dokusunun goriiniimii kontrol gruplari ile nere-
deyse benzerdi.

Sonug: Elde ettigimiz sonuclara gore, krosin oksidatif
stresi antioksidan oOzellikler ile baskiladigi ve CCI,’iin
neden oldugu doku hasari iizerinde koruyucu bir etkiye
sahip oldugu ortaya konmustur.

Anahtar Kelimeler: CCl; Krosin; Oksidatif stres; MDA;
Hepatotoksisite.

Introduction

The liver tissue has a key role in regulating a wide range
of physiological processes in the organism, including
metabolic, secretory and storage activities [1]. The liver is
responsible for minimizing the harmful effects caused by
exogenous compounds. The liver, which also plays a role
in drug and xenobiotic mechanisms, may be exposed to
degradative damage by the emergence of detoxification
products [2]. Carbon tetrachloride (CCl,), a xenobiotic,
is a chemical commonly used to generate experimental
liver damage. CCl, is an uncolored, transparent, volatile
liquid that is used in experiments to induce liver damage.
Cytochrome P450 (CYP) enzyme system in the liver con-
verts CCl, into a reactive toxicant, the inter-metabolite
trichloromethyl radical (CCL,), which leads to the forma-
tion of trichloromethylperoxy (CCL,00) in the presence of
oxygen. Reaction of CCL,O0’, a reactive toxic substance,
with polyunsaturated fatty acids initiates lipid peroxida-
tion or leads to the degradation of the cell membrane by
covalent bonding of lipids with proteins, thereby causing
liver damage [3]. Liver damage activates Kupffer cells,
resulting in the release of early inflammation mediators
such as superoxide anions, which cause the formation of
reactive oxygen species (ROS), and especially peroxyni-
trites and hydrogen peroxides (H,0,), leading to oxidative
stress. There is a very delicate balance between the oxi-
dants and the antioxidants in the organism [4]. If oxidants
are over-produced or antioxidants perform their tasks at
lower than normal levels, in other words, when the balance
between oxidant — antioxidant quantities is impaired, the
oxidant molecules in the organism start to exhibit harmful
effects on the proteins, carbohydrates and nucleic acids
[5]. Therefore, the balance between ROS and the antioxi-
dant defense system becomes an important requirement
for the prevention of cellular damage induced by oxidative
stress. The antioxidant systems include non-enzymatic
[reduced glutathione (GSH), uric acid, and vitamin E] as
well as enzymatic antioxidants [superoxide dismutase
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(SOD), catalase (CAT) and glutathione peroxidase (GPx)]
[6]. Thus, antioxidants play a key role in preventing CCI,-
induced liver injury.

Saffron (Crocus sativus L.) is grown in countries such
as Iran, Spain, Kashmir (India and Pakistan), Greece,
Azerbaijan, China, Morocco, Mexico, Libya, Turkey and
Austria and has a very high economic value. Besides the
antioxidant properties of saffron, it is used for its hypolip-
idemic, anti-inflammatory and anti-carcinogenic proper-
ties as a medicine in the treatment of many diseases in
traditional medicine [7]. The chemical contents of saffron
are mostly crocin, crocetin and safranal. In addition to
its major ingredients, saffron also has nearly 150 chemi-
cal ingredients, including protein, sugar, vitamins, fla-
vonoids, amino acids, vital minerals and other chemical
components [8].

Recently, phytochemical therapy has been one of
the most effective ways of overcoming hepatotoxic-
ity, especially through mechanisms of regulation of free
radicals [9].

In this study, CCl,-induced hepatotoxicity was related
to ROS production and crocin is a radical scavenging
chemical with strong antioxidant properties. The aim
of this study was to demonstrate the protective effect of
crocin on hepatotoxicity caused by CCl, via biochemical
and histopathological evidence.

Materials and methods

Animals

In our study, 50 male Wistar rats weighing 225-250 g
were purchased from Inonu University, Faculty of Medi-
cine, Experimental Animal Breeding and Research Center
(INUTF-DEHUM). The experimental applications on rats
began after the approval of the Ethics Committee (2015/A-
96). The drinking water of rats was changed daily and the
cages were cleaned every day. The climate of the room was
at the maximum level for rats (temperature 21°C, humidity
55-60%) and the rats were kept under 12 h light (08:00—
20:00) and 12 h darkness (20:00-08:00). Animals were
fed ad libitum with pellet feed prepared for rats during the
study period.

Experimental design

Fifty animals were divided randomly into five groups,
each group containing 10 rats as follows:
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Control (C) group: 1 mL/kg/day normal saline solution
was given.

Corn oil (Co) group: 1 mL/kg/day corn oil was given.
Crocin (Cr) group: 100 mg/kg/day crocin (Sigma Chemi-
cal Co., St Louis, MO, USA) was given [10].

Carbon tetrachloride (CCl) group: 1:1 CCl, (Sigma
Chemical Co., St Louis, MO, USA) was given 0.5 mL/kg
every other day.

Carbon tetrachloride+Crocin (CCl,+Cr) group:
100 mg/kg crocin and 1:1 CCl, were given every other day
at the dose of 0.5 mL/kg.

CCl, and crocin were dissolved in corn oil and physio-
logical saline solution respectively, and prepared freshly
before application. Chemicals were administered to the
rats by gavage, repeating at the same hour each day for
15 days.

Samples

At the end of 15 days, the experiment was terminated and
blood was taken from the heart to heparinized tubes for
biochemical analysis under xylazine-ketamine anesthe-
sia. After that, all rats were decapitated and liver tissue
was carefully removed. The liver tissues were washed with
physiological saline solution in a sterile cup to remove
blood. The liver tissues were divided into two equal parts
and one of them was placed in 10% formaldehyde for
histological examination. The other part was separated
for biochemical analysis and kept at —80°C until the day
determined for analysis.

Biochemistry

For analysis, tissues were taken from the freezer and
weighed. Phosphate buffer was added to tissue samples
to obtain a 10% mixture and homogenized in ice at
12,000 rpm for 1-2 min (IKA, Germany).

MDA was measured in tissue homogenate. The
remaining homogenate was centrifuged at 5000 rpm for
30 min at +4°C to obtain the supernatant. SOD and CAT
enzyme activities of the tissues and GSH, total antioxidant
status (TAS) and total oxidant status (TOS) levels were
determined in supernatant.

MDA levels were determined based on the method of
Ohkawa et al. [11]. The principle of the method is based on
the reaction of MDA in the tissue homogenate with thio-
barbituric acid at 95°C to form a pink colored product and
then extraction with n-butanol for 5 min. The resulting

DE GRUYTER

mixture was centrifuged for 20 min at 5000 rpm and the
color of the supernatant was measured using a spectro-
photometer at 535 nm.

GSH levels were determined based on the method of
Ellman [12]. After addition of the chemicals according to
the method, GSH of the supernatant reacts with 5,5”-dith-
iobis 2-nitrobenzoic acid (DTNB) to form a yellow color.
The amount of GSH was determined by measuring the
yellow color using a spectrophotometer at 410 nm.

The activity of the SOD enzyme was measured based
on the method of Sun et al. [13]. After the addition of the
chemicals according to the method, xanthine is converted
to uric acid by xanthine oxidase, causing the formation of
superoxide radicals and H,0,. The formation of superox-
ide radicals leads the reduction of NBT (nitro blue tetrazo-
lium) in the medium and the formation of a blue color. The
activity of the SOD enzyme was calculated by measuring
the absorbance of the blue color in a spectrophotometer
at 560 nm.

The activity of the CAT enzyme was measured based
on the method of Aebi [14]. As H,0, exhibits absorption
in the ultraviolet spectrum, the maximum absorbance
is measured at 240 nm. The addition of H,0, to the test
medium causes the decomposition of H,0, into water
and oxygen by the CAT and a decrease in absorbance at
240 nm. The reduction in absorbance was recorded for
1 min to calculate the CAT activity.

TOS levels were measured based on the method
of Erel [15]. TOS kit (Rel Assay Diagnostics, Gaziantep,
Turkey) was used and TOS measurement was determined
by measuring the resulting color after the addition of rea-
gents and supernatant according to the kit principles at
530 nm with ELISA.

TAS levels were measured based on the method of Erel
[16]. Rel Assay brand kit (Rel Assay Diagnostics) was used
and TAS measurement was determined by reading the
resulting color after the addition of reagents and super-
natants based on the kit procedure at 660 nm via ELISA.

Blood samples were centrifuged at 4000 rpm for a
few minutes to obtain plasma. Plasma AST, ALT and ALP
levels were measured by using commercial Architect
C8000 automatic analyzer kids (Architect/Aeroset Aspar-
tate Aminotransferase Reagent Kit, Alanine Aminotrans-
ferase Reagent Kit, Alkaline Phosphatase Reagent Kit,
respectively).

Histology

Tissue samples were fixed with 10% formaldehyde for
48 h under ambient temperature. Tissue specimens were
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then embedded in paraffin blocks following the lavage
and dehydration process by passing through incremental
ethanol series (50%-99%), permeabilization process
by passing through xylene, and infiltration process by
passing though melted paraffin series at 62°C. 5-6 um
thick sections were excised from the paraffin blocks using
a microtome and placed on the slides. All sections were
stained with hematoxylin-eosin and then examined under
light microscopy (Nikon Eclipse Ni) and photographed
using a camera (Nikon DS-Fi2) and analyzed with the
image analysis system (Nikon NIS-Elements Documenta-
tion) (Nikon Corporation, Tokyo, Japan).

In liver sections; focal necrosis, apoptosis and focal
inflammation scores (1 focus/x10 magnification=1,
2-4 focus/x 10 magnification=2, 5-10 focus/x10 mag-
nification=3, focus >10/x10 magnification=4) were
determined. Bridging necrosis score (focal bridging
necrosis=1, Zone3 necrosis (limited)=2, Zone3 necro-
sis (plenty) =3, Zone3 necrosis and fewer portal-central
bridging necrosis =4, Zone3 necrosis and multiple portal-
necrosis=5, panacea or multi-acinar necrosis=6) was
determined.

Portal inflammation score (mild, in some or all portal
areas =1, medium, in some or all portal areas =2, medium/
severe, in all portal areas = 3, severe, in all portal areas =4)
was identified.

Fibrosis score (fibrous portal expansionz+short
septum (focal)=1, fibrous portal expansionzshort
septum (extensive)=2, rare portal-portal bridging=3,
frequent portal-portal bridging=4, frequent bridging
fibrosis and rare nodule formation=5, cirrhosis=6) was
determined [17].

Hepatocyte vacuolization (no vacuolization=0, mild
and low vacuolization prevalence=1, moderate and
extensive vacuolization =2, severe and extensive vacuoli-
zation =3) was determined [18]. Liver damage scores are
presented in Table 1.

Table 1: Liver tissue damage scores.

Groups Mean Minimum Maximum
c 0 0 0
Co® 0 0 0
Cr2 0 0 0
ccle 15 10 17
ccl, +Cre 5 4 7

Data are summarized using median, minimum and maximum values
for histological scoring (n=10). Groups: control (C), received normal
saline solution; corn oil (Co), received corn oil; crocin (Cr), received
crocin; CCL,, received CCl,; CCL, +Cr, received CCl, with crocin. Different
superscripts in the groups represent the statistical significance (p<0.05).

Binnaz Elif Cosgun et al.: Crocin ameliorates CCl,-induced liver damage —— 373

Statistical analysis

The distributional properties of data were examined by
Shapiro-Wilk test, mean and standard deviations were
obtained for descriptive analysis. The homogeneity of
the variances was examined by the Levene test. In order
to compare groups with homogeneous variance, one-way
ANOVA and then Tukey HSD paired comparison methods
were used. The Welch test and Tamhane T2 matched com-
parison method were used for the non-homogeneous vari-
ances. Histopathological scores were summarized using
median, minimum and maximum values. Conover pair-
wise comparison method and the Kruskal-Wallis test were
used to compare groups. p-Values smaller than 0.05 were
accepted statistically significant (p <0.05) in all tests.

Results

Biochemistry

Oxidant-antioxidant parameters of liver tissue are pre-
sented in Table 2 for all groups. When the liver tissue was
examined based on GSH levels, it was determined that
crocin application caused a significant increase (p <0.05)
in GSH levels when compared to the C group. While CCI,
administration resulted in a decrease in GSH levels, an
increase in GSH levels was observed when CCl, was co-
administered with crocin.

We demonstrated that CCl, administration caused to
increase significantly (p <0.05) in MDA levels compared to
the C group, but MDA levels were decreased significantly
(p<0.05) in the CCl,+Cr group compared to the CCl,
group. While CCl, administration resulted in a statistically
significant increase (p <0.05) in SOD activity compared to
all other groups, SOD activity was decreased significantly
(p<0.05) in the CCl,+Cr group compared to the CCl,
group. On the other hand, we found that CAT activity was
increased statistically significantly (p<0.05) in the CCl,
group compared to the C group, but co-administration of
crocin with CCl, induced an insignificant decrease in the
increase in the abovementioned activity. We found that
crocin application increased in TAS values, whereas CCl,
application decreased in TAS values but these differences
were not statistically significant. On the contrary, CCl,
administration caused an increase in TOS values, whereas
CCl, administration with crocin resulted in a decrease in
TOS values.

AST, ALT and ALP levels are presented in Table 3 for
all groups. Plasma AST, ALT and ALP values exhibited a
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Table 2: Liver tissue oxidant-antioxidant parameters for all groups.

Groups MDA (nmol/gwt) GSH (nmol/gwt) SOD (U/g protein) CAT (K/g protein) TAS (mmol/L) TOS (umol/L)
C 561.801+64.36° 1649.29+213.332 37.54+6.23%¢ 47.98+13.58° 2.41+0.11 11.25+1.14%>
Co 482.07+£79.922° 1876.85+213.77° 43.46+7.22%° 55.69+13.21° 2.37+0.15 10.92+0.66°
Cr 455.60+76.93° 2319.14+270.00° 33.65+9.38¢ 47.29+12.04° 2.49+0.21 10.14+0.92°
CCl4 1461.61+413.58¢ 1588.40+192.37° 56.46+5.45° 67.32+3.93° 2.31+0.17 16.47 £4.24%°
CCIA+Cr 911.20+170.17¢ 1833.26+417.60° 46.39+4.87¢ 61.08+5.66 2.45+0.15 12.87+£1.06°

Data are presented as mean + standard deviation (n=10). MDA, malondialdehyde; GSH, reduced glutathione; SOD, superoxide dismutase;
CAT, catalase; TAS, total antioxidant status; TOS, total oxidant status; gwt, gram wet tissue. Groups: control (C), received normal saline
solution; corn oil (Co), received corn oil; Crocin (Cr), received crocin; CCl,, received CCl,; CCl, +Cr, received CCl, with crocin. Different
superscripts in the groups represent the statistical significance (p <0.05).

Table 3: Plasma AST, ALT and ALP levels for all groups.

Groups AST (U/L) ALT (U/L) ALP (U/L)
C 102.30+14.31° 90.00+£80.47* 414.60%£95.22%¢
Co 107.80+32.88° 77.20£31.69* 357.90+£108.392
Cr 161.00+132.43° 53.30+7.96° 361.40+99.78°
ccl, 1453.10+586.04> 1575.70£596.21° 948.90+192.38"
CCl,+Cr  627.50+383.77° 545.30+254.67° 713.40£277.74"¢

Data are presented as mean * standard deviation (n=10). AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ALP,
alkaline phosphatase. Different superscripts in the groups represent
the statistical significance (p <0.05).

Control

Crocin

Corn oil

Figure 1: Liver histological microphotographs for C, Cr and Co groups.

significant increase (p <0.05) in the CCl, group, whereas
CCl, administration with crocin resulted in a significant
decrease (p <0.05) in elevated AST, ALT and ALP values.

Histology

Hematoxylin-eosin-stained sections in control (Figure 1A—
C), crocin (Figure 1D-F) and corn oil (Figure 1G-I) groups
demonstrated normal liver lobular structures and central
vein and hepatocyte cords located at the center of liver

(A-C); C group, (A); central vein (thick arrow), portal area (fine arrow). H-E, x10, (B); central vein (arrow). H-E, x20, (C); portal area (arrow).
H-E, x20, (D-F); Cr group, (D); Dcentral vein (thick arrow), portal area (fine arrow). H-E, x10, (E); central vein (arrow). H-E, x20, (F); portal
area (arrow). H-E, x20, (G-1); Co group, (G); central vein (thick arrow), portal area (fine arrow). H-E, x10, (H); central vein (arrow). H-E, x20,

(1); portal area (arrow). H-E, x20.
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lobules and sinusoidal capillaries were observed in normal
histological structure. Eosinophilic cytoplasm and centrally
located, euchromatic, uniform circular-shaped nucleus
structures were observed in hepatocytes and assessed to
be in normal histological appearance. Kupffer cells were
observed at normal density and with normal microscopic
structure. Lumens of arteries, veins and bile ducts in portal
triads that were observed around the liver lobes were clear
and evaluated to be in normal histological appearance.

Extensive necrosis areas were observed in all liver
sections stained with hematoxylin-eosin in the CCl,
group. Bridging was noticed between the necrosis
areas in the liver parenchyma. Inflammation in varying
degrees was present in necrosis areas. Intracytoplasmic
vacuolization was observed between the hepatocytes in
the parenchymal areas that were observed in necrotic
areas. Among hepatocytes in the liver parenchyma,
numerous mitotic figures and apoptotic particles were
detected. Fibrosis was observed in necrosis areas at dif-
ferent levels, around the central vein and in portal areas
(Figure 2A-E).

It was observed that the hepatic histological damage
parameters observed in the CCl, group were significantly
reduced in liver sections stained with hematoxylin-eosin
in the CCl, +Cr group. Sporadic focal necrosis areas were
detected in liver sections and lytic necrosis were detected
in hepatocytes. Minimal inflammation and fibrosis
were observed around the central vein and portal areas.
Intracytoplasmic vacuolization was observed in certain
hepatocytes. Mitotic figures were found in certain areas in
hepatocytes (Figure 2F-K).

S
H
&)
I
o
&)

Figure 2: Liver histological photographs for CCl, and CCl, +Cr groups.

Binnaz Elif Cosgun et al.: Crocin ameliorates CCl,-induced liver damage —— 375

Discussion

The current study aimed to demonstrate the therapeutic
effect of crocin on CCl, induced hepatotoxicity by inhibit-
ing oxidative stress.

Previous studies have reported that CCl, causes oxi-
dative stress-induced tissue damage in many organs,
particularly in the liver and kidneys, and leads to classi-
cal cirrhosis-like disorders such as coagulative necrosis,
severe fibrosis, leukocyte infiltration, hemorrhage, fat
degeneration, and degenerative nodules especially in liver
tissue [19]. The CCl, tissue damage mechanism begins with
the formation of CCl; by CYP enzyme system. The forma-
tion of CC1,00', a highly reactive product, results from the
reaction of CCL; with oxygen [20]. These radicals resulting
from the metabolization of CCl, attack the proteins and/or
lipids of the tissues and therefore initiate lipid peroxida-
tion, inflammation, hepatotoxicity and MDA formation in
the tissues [3]. MDA is one of the end products of lipid per-
oxidation and is considered as an indicator of lipid peroxi-
dation [21]. Lipid peroxidation, which is induced by free
oxygen radicals produced by oxidative stress, is responsi-
ble for the pathogenesis due to cancer, liver diseases and
toxic cellular damage [22].

Immediately after exposure to CCl,, transfusion of
the transaminases into circulation reflects the increases
in serum and hepatic injury enzymatically. Therefore,
crocin, a hepatoprotective agent, was chosen to correct
the hepatic injury induced by CCl,. In liver damage,
intracellular AST, ALT, and ALP enzymes are excreted
outside the cell and plasma levels increase. Therefore,

(A-E); CCl, group, (A); central vein (thick arrow), portal area (fine arrow), bridge necrosis (asterisk). H-E, x10, (B); vascular congestion in
portal area (arrow), vacuolization in hepatocytes (asterisk). H-E, x20, (C); bridge necrosis and vacuolization in hepatocytes (asterisk). H-E,
%20, (E); thickening of the central venous wall (thick arrow), vascular congestion in portal area (fine arrow), mitotic figure (arrowhead). H-E,
x40, (F-K); CCl,+Cr group, (F); central vein (thick arrow), portal area (fine arrow), lytic necrosis in hepatocytes (arrowhead). H-E, x10, (G);
central vein (arrow), lytic necrosis in hepatocytes (arrowhead). H-E, x20, (H); portal area (arrow), lytic necrosis in hepatocytes (arrowhead).
H-E, %20, (I); central vein (arrow), vacuolization in hepatocytes (asterisk). H-E, x40, (K); portal area (arrow), mitotic figure (arrowhead),

vacuolysis in hepatocytes (asterisk). H-E, x40.
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these enzymes are considered as indicators of liver
damage [23].

In the current study, we demonstrated that CCI,
administration caused to increase significantly (p <0.05)
in plasma AST, ALT and ALP levels. This may be due to
elevated levels of cytosolic enzymes in serum levels such
as ALT, AST and ALP, owing to the disturbance of the liver
cell membrane caused by oxidative stress. The results
of previous studies were consistent with the results of
the present study, demonstrating that the serum levels
of these enzymes were elevated after the hepatic injury
induced by CCl, [24, 25].

The action of hepatoprotective drugs is through the
reduction of liver damage caused by CCl, or other hepa-
totoxicants or restoration of normal liver physiology [26].
In the present study, we demonstrated that crocin admin-
istration improves subsequent elevations in the levels of
AST, ALT and ALP by CCl ’ administration. The decrease in
ALT, AST and ALP levels was a result of the crocin regulat-
ing the integrity of the hepatic cellular membrane owing
to its strong antioxidant properties, which was a clear
evidence of the hepatoprotective effect observed after its
administration. Our study showed compatibility with pre-
vious studies, in which the researchers demonstrated that
increased levels of AST, ALT and ALP were significantly
reduced by crocin in experimental liver damage caused by
morphine [27], amiodarone [28], patulin [29] and acetami-
nophen [30] in animal models.

The organism contains endogenous antioxidant
enzymes as a defense mechanism for scavenging and
protecting against tissue damages caused by free radicals
[31]. SOD and CAT enzymes are involved in the enzymatic
antioxidant system and play a key role in protecting the
body against the harmful effects of lipid peroxidation and
H,0, caused by oxidative stress [32].

GSH is a member of the non-enzymatic antioxidant
system and combines with free radicals to protect the
integration of cellular membranes, which play an impor-
tant role in the balance of the antioxidant defense mech-
anisms of tissues [33]. Therefore, antioxidant enzyme
(SOD and CAT) activities and GSH and TAS levels were
measured in liver tissue to determine the antioxidant
activity of crocin in the current study. It is considered
that lipid peroxidation demonstrates the destructive
liver damage process induced by CCl, administration.
In the present study, we found a remarkable increase in
SOD and CAT activities and MDA and TOS levels, while
GSH and TAS levels decreased due to oxidative stress
induced liver damage caused by CCl, administration in
rat liver tissues. Elevation of MDA and TOS levels and
SOD and CAT activities in liver tissue demonstrated the

DE GRUYTER

tissue damage proceeded by increased lipid peroxida-
tion and reduced antioxidant defense mechanism that is
responsible for the prevention of increased free radical
production. Our results showed compatibility with Gan-
garapu et al. [24], Ozturk et al. [34] and Ranjbar et al. [35].
The researchers proved that CCl, administration in these
studies caused a significant increase in MDA levels and
SOD and CAT activities and a decrease in GSH content in
rat liver tissues.

Based on our previous [36] and current studies, it
could be argued that crocin exerts its protective effect
through the antioxidant regulatory mechanism. Typically,
oxidative stress is modulated by the antioxidant defense
system [37].

GSH has avital role in the antioxidant defense systems
of tissues. In order to protect tissues from oxidant attacks,
GSH neutralizes free radicals, stabilizes sulfhydryl groups,
acts as the co-enzyme of the GPx enzyme, which converts
H,O, into water.

In one study, it was reported that saffron extract
and crocin significantly reduced ischemia-reperfusion-
induced oxidative damage in rat kidneys [38]. The research-
ers found that saffron extract and crocin decreased MDA
levels and lipid peroxidation induced by free radicals due
to its radical scavenging properties. Furthermore, Altinoz
et al. [39] showed that elevated MDA levels in renal tissues
of diabetes induced rats were lowered and GSH levels were
increased with crocin administration. These findings were
consistent with the present study results, which was due
to the fact that elevated levels of enzymatic antioxidants,
including SOD and CAT, in animals exposed to CCl, intoxi-
cation, and reduced levels of GSH and TAS were back to
normal levels after crocin treatment. Furthermore, the
concurrent decrease in SOD and CAT activities and MDA
levels and the increase in GSH levels confirm the asso-
ciation between the antioxidant regulation mechanisms.
Certain studies reported that the antioxidant enzyme
activities were correlated with the enzyme mRNA expres-
sions [40]. These studies have shown that SOD enzyme
activity and SOD enzyme mRNA expression increased in
various regions of the brain tissue of diabetes induced
rats. The elevation in gene expression of these antioxi-
dant enzymes is likely to be one of the most important
causes of ROS-induced damage that occurs in the brain or
in diabetes. In another study, it was reported that changes
in antioxidant enzyme activities, including SOD and CAT,
in neurons were due to increased oxidative stress [41].
Ghadrdoost et al. [42] suggested that saffron extract and
crocin improved oxidative stress markers in the hip-
pocampus. Our study was supported by previous studies
and the present study resulted in increases in SOD and
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CAT activities after CCl, application, while we observed
that these enzyme activities approach normal values due
to decrease in markers which caused oxidative stress after
crocin treatment. Furthermore, previous studies have
shown that crocin increases liver GSH content in animal
models, while significantly reducing high MDA levels by
induction of cisplatin [43], cyclophosphamide [44] and
diazinone [45] toxicity in animal models.

Another interesting finding in our study was the con-
sistency of the biochemical and histological results. We
examined the disorders including focal necrosis, apopto-
sis, inflammation, bridge necrosis and fibrosis in the liver
tissue. Control, crocin and corn oil application groups
exhibited normal liver appearance. When CCl, was admin-
istered, extensive bridge necrosis and extensive areas of
inflammation were observed in the liver parenchyma. Fur-
thermore, extensive parenchymal vacuolization and apop-
totic particles were observed in the parenchymal areas
and different degrees of fibrosis were observed around the
central vein and portal regions. When crocin was applied,
significant improvement was observed in liver histologi-
cal damage parameters. Akbari et al. [46] demonstrated
that ischemia-reperfusion induced liver damage signifi-
cantly improved with crocin administration at a dose of
200 mg/kg for 7 days.

Recent studies have shown that saffron and its active
ingredients have a protective effect against several toxic
substances in various tissues including the liver tissue
[47, 48]. Sun et al. [43] investigated the treatment effect
of crocin on hepatoxicity caused by cisplatin induc-
tion. They showed that crocin reduced cisplatin induced
hepatic focal necrosis. Consistent with the literature, we
demonstrated that we were able to remove the hepatic
damage induced by CCl, with crocin treatment by using
biochemical parameters and histologic examinations. We
demonstrated that crocin inhibited apoptosis and paren-
chymal tissue damage caused by CCl, in the liver, and
we considered that the hepatoprotective effect of crocin
might be due to its anti-inflammatory and antioxidant
action.

In conclusion, we demonstrated that crocin inhibits
oxidative stress and has protective effects on CCl,-induced
liver damage. Crocin scavenges ROS and has an antioxi-
dant effect. While MDA and TOS levels and AST, ALT, ALP,
SOD and CAT levels decreased due to the said antioxi-
dant effect, GSH and TAS levels increased after the crocin
treatment.

Acknowledgement: This study was supported finan-
cially by Karabiik University scientific research fund
(KBU-BAP-15/2-YL-009).

Binnaz Elif Cosgun et al.: Crocin ameliorates CCl,-induced liver damage —— 377

Conflict of interest: The authors declared no conflict of
interest.

References

1. Kumar CH, Ramesh A, Kumar JS, Ishag BM. A review on hepato-
protective activity of medicinal plants. Int ) Pharm Sci Res
2011;2:501.

2. Muriel P. Some experimental models of liver damage. Chiches-
ter: Wiley, 2007.

3. Recknagel RO, Glende EA, Dolak JA, Waller RL. Mechanisms of
carbon tetrachloride toxicity. Pharmacol Ther 1989;43:139-54.

4. Cornelli U. Antioxidant use in nutraceuticals. Clin Dermatol
2009;27:175-94.

5. Halliwell B. Reactive oxygen species in living systems: source, bio-
chemistry, and role in human disease. Am ] Med 1991;91:514-22.

6. Dunning S, Ur Rehman A, Tiebosch MH, Hannivoort RA, Haijer
FW, Woudenberg J, et al. Glutathione and antioxidant enzymes
serve complementary roles in protecting activated hepatic
stellate cells against hydrogen peroxide-induced cell death.
Biochim Biophys Acta Mol Basis Dis 2013;1832:2027-34.

7. Rios ], Recio M, Giner R, Manez S. An update review of saffron
and its active constituents. Phytother Res 1996;10:189-93.

8. Liakopoulou-Kyriakides M, Kyriakidis D. Croscus sativus-
biological active constitutents. Stud Nat Prod Chem
2002;26:293-312.

9. Hassan MH, Edfawy M, Mansour A, Hamed A-A. Antioxi-
dant and antiapoptotic effects of capsaicin against carbon
tetrachloride-induced hepatotoxicity in rats. Toxicol Ind Health
2012;28:428-38.

10. Hariri AT, Moallem SA, Mahmoudi M, Hosseinzadeh H. The effect
of crocin and safranal, constituents of saffron, against subacute
effect of diazinon on hematological and genotoxicity indices in
rats. Phytomedicine 2011;18:499-504.

11. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem
1979;95:351-8.

12. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys
1959;82:70-7.

13. SunY, Oberley LW, Li Y. A simple method for clinical assay of
superoxide dismutase. Clin Chem 1988;34:497-500.

14. Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.

15. Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem 2005;38:1103-11.

16. Erel O. A novel automated direct measurement method for total
antioxidant capacity using a new generation, more stable ABTS
radical cation. Clin Biochem 2004;37:277-85.

17. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
et al. Histological grading and staging of chronic hepatitis. )
Hepatol 1995;22:696-9.

18. Gul M, Kayhan B, Elbe H, Dogan Z, Otlu A, Histological and
biochemical effects of dexmedetomidine on liver during an
inflammatory bowel disease. Ultrastruct Pathol 2015;39:6-12.

19. Kus I, Ogeturk M, Oner H, Sahin S, Yekeler H, Sarsilmaz M.
Protective effects of melatonin against carbon tetrachloride-
induced hepatotoxicity in rats: a light microscopic and bio-
chemical study. Cell Biochem Funct 2005;23:169-74.

Brought to you by | Turkish Biochemical Society (TBD)
Authenticated
Download Date | 9/4/19 5:07 PM



378 —— Binnaz Elif Cosgun et al.: Crocin ameliorates CCl,-induced liver damage

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Brattin W), Glende EA, Recknagel RO. Pathological mechanisms
in carbon tetrachloride hepatotoxicity. ) Free Radic Biol Med
1985;1:27-38.

Mohamed A, Mahmoud S, Farrag R. Influence of sativa seeds
against liver fibrosis and consequence complications in murine
schistosomiasis. Int ) Biotech Biochem 2008;4:325-46.

Muriel P, Escobar Y. Kupffer cells are responsible for liver
cirrhosis induced by carbon tetrachloride. J Appl Toxicol
2003;23:103-8.

Thabrew MI, Joice P, Rajatissa W. A comparative study of the effi-
cacy of Pavetta indica and Osbeckia octandra in the treatment of

liver dysfunction. Planta Med 1987;53:239-41.

El-Meligy RM, Zain ME, Ahmed FA. Protective role of Cynanchum
acutum L. extracts on carbon tetrachloride-induced hepatotoxic-
ity in rat. Int ] Chem Appl Biol Sci 2014;1:9.

Gangarapu V, Gujjala S, Korivi R, Pala I. Combined effect of
curcumin and vitamin E against CCl4 induced liver injury in rats.
Am | Life Sci 2013;1:117-24.

Mani Senthilkumar K, Rajkapoor B, Kavimani S. Protective Effect
of Enicostemma littorale. Against CCl4-induced hepatic damage
in rats. Pharm Biol 2005;43:485-7.

Salahshoor MR. Protective effect of crocin on liver toxicity
induced by morphine. Res Pharm Sci 2016;11:120.

Riaz H, Saleem N, Ahmad M, Mehmood Y, Raza SA, Khan S,

et al. Hepatoprotective effect of crocus sativus on amiodarone-
induced liver toxicity. Br ) Pharmacol 2016;12:1-11.

Boussabbeh M, Salem IB, Belguesmi F, Neffati F, Najjar MF,
Abid-Essefi S, et al. Crocin protects the liver and kidney from
patulin-induced apoptosis in vivo. Environ Sci Pollut Res
2016;23:9799-808.

Omidi A, Riahinia N, Montazer Torbati MB, Behdani M-A.
Hepatoprotective effect of Crocus sativus (saffron) petals extract

36.

37.

38.

39.

40.

41.

42.

43.

44.

DE GRUYTER

Zheng Y-Q, Liu J-X, Wang J-N, Xu L. Effects of crocin on reperfu-
sion-induced oxidative/nitrative injury to cerebral microvessels
after global cerebral ischemia. Brain Res 2007;1138:86-94.
Saxena AK, Srivastava P, Kale RK, Baquer NZ. Impaired antioxi-
dant status in diabetic rat liver: effect of vanadate. Biochem
Pharmacol 1993;45:539-42.

Hosseinzadeh H, Sadeghnia HR, Ziaee T, Danaee A. Protective
effect of aqueous saffron extract (Crocus sativus L.) and crocin,
its active constituent, on renal ischemia-reperfusion-induced
oxidative damage in rats. ] Pharm Pharm Sci 2005;8:387-93.
Altinoz E, Oner Z, Elbe H, Cigremis Y, Turkoz Y. Protective

effects of saffron (its active constituent, crocin) on nephropa-
thy in streptozotocin-induced diabetic rats. Hum Exp Toxicol
2015;34:127-34.

Huang W-C, Juang S-W, Liu I-M, Chi TC, Cheng JT. Changes of
superoxide dismutase gene expression and activity in the

brain of streptozotocin-induced diabetic rats. Neurosci Lett
1999;275:25-8.

Bonnefont-Rousselot D, Bastard J, Jaudon M, Delattre J. Con-
sequences of the diabetic status on the oxidant/antioxidant
balance. Diabetes Metab 2000;26:163-77.

Ghadrdoost B, Vafaei AA, Rashidy-Pour A, Hajisoltani R, Bandegi
AR, Motamedi F, et al. Protective effects of saffron extract and
its active constituent crocin against oxidative stress and spatial
learning and memory deficits induced by chronic stress in rats.
Eur ) Pharmacol 2011;667:222-9.

SunY, YangJ, Wang L, Sun LR, Dong Q. Crocin attenuates
cisplatin-induced liver injury in the mice. Hum Exp Toxicol
2014;33:855-62.

Jnaneshwari S, Hemshekhar M, Santhosh MS, Sunitha K,
Thushara R, Thirunavukkarasu C, et al. Crocin, a dietary colorant
mitigates cyclophosphamide-induced organ toxicity by modulat-

against acetaminophen toxicity in male Wistar rats. Avicenna |
Phytomed 2014;4:330-6.

Bansal AK, Bansal M, Soni G, Bhatnagar D. Protective role of
vitamin E pre-treatment on N-nitrosodiethylamine induced
oxidative stress in rat liver. Chem Biol Interact 2005;156:101-11.
Zhu R, Wang, Zhang L, Guo Q. Oxidative stress and liver dis-
ease. Hepatol Res 2012;42:741-9.

He ), Huang B, Ban X, Tian J, Zhu L, Wang Y. In vitro and in vivo
antioxidant activity of the ethanolic extract from Meconopsis
quintuplinervia. ) Ethnopharmacol 2012;141:104~-10.

Ozturk F, Ucar M, Ozturk IC, Vardi N, Batcioglu K. Carbon tetra-
chloride-induced nephrotoxicity and protective effect of betaine
in Sprague-Dawley rats. Urology 2003;62:353-6.

Ranjbar A, Sharifzadeh M, Karimi |, Tavilani H, Baeeri M, Heidary
Shayesteh T, et al. Propofol attenuates toxic oxidative stress

by CCl4 in liver mitochondria and blood in rat. Iran ] Pharm Res
2014;13:253.

45.

46.

47.

48.

ing antioxidant status and inflammatory cytokines. ] Pharm
Pharmacol 2013;65:604-14.

Lari P, Abnous K, Imenshahidi M, Rashedinia M, Razavi M,
Hosseinzadeh H. Evaluation of diazinon-induced hepatotoxicity
and protective effects of crocin. Toxicol Ind Health 2015;31:
367-76.

Akbari G, Mard SA, Dianat M, Mansouri E. The hepatoprotec-
tive and microRNAs downregulatory effects of crocin follow-
ing hepatic ischemia-reperfusion injury in rats. Oxid Med Cell
Longev 2017;2017:1-11.

Chen P, Chen Y, Wang, Cai S, Deng L, Liu J, et al. Comparative
evaluation of hepatoprotective activities of geniposide, crocins
and crocetin by CCl4-induced liver injury in mice. Biomol Ther
2016;24:156.

Boussabbeh M, Salem IB, Belguesmi F, Bacha H, Abid-Essefi S.
Tissue oxidative stress induced by patulin and protective effect
of crocin. Neurotoxicology 2016;53:343-9.

Brought to you by | Turkish Biochemical Society (TBD)
Authenticated
Download Date | 9/4/19 5:07 PM



