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Abstract In the current study, we aimed to investigate the
effect of carvacrol on the suppression of liver fibrosis
progression through targeting lysyl oxidase (LOX)
expression. The rats received carbon tetrachloride (CCly)
intraperitoneally and carvacrol orally for 10 weeks. Liver
damage was evaluated by measuring the serum level of
alanine aminotransferase, aspartate aminotransferase and
alkaline phosphatase and hepatic oxidative stress parame-
ters including total antioxidant capacity, total thiol group
and total oxidant status spectrophotometry and malondi-
aldehyde fluorometrically. Extracellular deposition of col-
lagen was detected using Masson’s trichrome standing.
Furthermore the gene expression of lysyl oxidase homolog
2 (Loxl2) was analyzed using quantitative reverse tran-
scription-polymerase chain reaction. And then the protein
level of LOX was detected in liver tissue by western blot
method. Carvacrol administration normalized serum bio-
chemical parameters and improved oxidative stress status
in liver homogenate of CCl, treated rats. Collagen fiber
bundles in interlobular spaces were decreased remarkably
by carvacrol treatment. Also, carvacrol downregulated
hepatic gene expression of Lox12 and protein level of LOX.
Our data clearly revealed that carvacrol suppresses pro-
gression of liver fibrosis development via attenuating of
liver damage and oxidative stress status as well as via
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downregulation of hepatic gene expression of Loxl2 and
protein level of LOX.
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Abbreviations

CCl; Carbon tetrachloride
LOX  Lysyl oxidase

ECM  Extracellular matrix

ALT  Alanine aminotransferas
AST  Aspartate aminotransferase
ALP  Alkaline phosphatase
TAC  Total antioxidant capacity
—SH  Total thiol group

TOS  Total oxidant status
MDA Malondialdehyde
Introduction

Over the last years, the regression of advanced liver fibrosis
has become a global concern. Over time chronic liver
inflammation can be lead to liver fibrosis and subsequently
develop into cirrhosis if left untreated [1]. Excessive
deposition of extracellular matrix (ECM) components and
collagen cross-linking limit liver fibrosis regression. Col-
lagen cross-linking is catalyzed by lysyl oxidase (LOX)
enzyme. LOX is an extracellular copper-dependent enzyme
that catalyzes covalent cross-linkage formation in collagen
fibers through formation of aldehydes from lysine [2]. The
overexpression and increase activity of LOX has been
implicated in the development of many disorders. In fact
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LOX provides a pathologic microenvironment in the pro-
gression of fibrotic and metastasis processes so that
selective targeting of lysyl oxidase homolog 2 (Lox12) by
monoclonal antibody (AB0023) was coincided with
reduction of inflammatory cytokines such as transforming
growth factor-f (TGF-B) [2]. Also selective inhibiting of
LoxI12 accelerated regression of hepatic fibrosis as well as
prevented fibrotic process [3].

A large body of data indicate that various compounds
play an important role in improvement of many disorders
in the contemporary world [4-6]. Carvacrol is a monoter-
penoid compound that mainly found in Origanum vulgare.
Previous studies have indicated protective effect of car-
vacrol against liver injury [7, 8]. Although the molecular
mechanism underlying hepatoprotective effect of carvacrol
remain to be clarified. So in the present study we investi-
gated the effect of administration of carvacrol treatment on
the suppression of liver fibrosis development in CCly-in-
duced liver fibrosis in rats. At first we investigated the
effect of carvacrol on serum biochemical markers. Then we
analyzed oxidative stress parameters in liver homogenate
and finally, we measured the regulatory effect of carvacrol
on hepatic gene expression of lox and protein level of
LOX.

Materials and Methods
Study Design

The 6 week old male Wistar rats weighing 200 + 10 g
were used for the current study. The thirty animals were
obtained from Animal Care Center-Hamadan University of
Medical Sciences. Animals were kept in a temperature-
controlled room and received free water and food (standard
chow diet) with 12-h light/dark cycles and humidity. After
the acclimatization, rats were divided into 5 groups
randomly.

The liver fibrosis model was induced by 10 weeks of
twice weekly intraperitoneal (IP) injections of CCl, 1 ml/
kg (dissolved in olive oil as the vehicle, 50% v/v). The pure
carvacrol (W224502, Sigma-Aldrich, US) was mixed in
distilled water and was administered daily by gavage to
etch rat separately. C70 group was considered for evalu-
ating the effect of carvacrol on normal rats. Drug dose was
selected according to the previous reports [9-11]. All
procedures were performed in accordance with guideline
principles for the care and use of animals at the Faculty of
Medicine at Hamadan University of Medical Sciences.

Group 1 Fibrotic control (FC): CCl, + olive oil solution
1 ml/kg.

Group 2 Treatment 70 (T70): CCl, + olive oil solution
1 ml/kg + carvacrol 70 mg/kg.

Group 3 Treatment control 70 (C70): olive oil 1 ml/
kg + carvacrol 70 mg/kg.

Group 4 Vehicle control (VC): olive oil 1 ml/kg.
Group 5 Healthy control (HC): normal saline 4 ml/kg.

Following confirmation of CCl-induced liver fibrosis,
all rats were weighed 1 day after the final treatment and
were sacrificed after anesthesia with ketamine. Blood
samples were harvested from the vena cava and sera were
collected by centrifuging at 3000 rpm for 10 min at 4 °C,
then stored at — 20 °C. The liver tissues were immediately
frozen in liquid nitrogen after washing with ice cold PBS
and stored at — 80 °C.

Preparation of Tissue Lysate

About 40 mg piece of tissue was added to ~ 400 pL of
lysis buffer containing 1 mM EDTA, 1.5 mM MgCl,,
10 mM KCI, 10 mM HEPES and 0.1% Triton X100 at pH
7.9 that supplemented with protease inhibitor cocktail
(Sigma-Aldrich, US), and was shaked for 30 min at 4 °C.
Then tissue homogenates were centrifuged (12000g;
20 min; 4 °C) and the supernatant was separated. Total
protein of tissue lysate was quantified by Bradford method
[12]. Bovine serum albumin (BSA) used as standard
protein.

Serum Biochemical Analysis

The serum levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) were measured using colorimetric assay kit
according to the manufacturer’s instructions (Pars Azmun,
Tehran, Iran).

Masson’s Trichrome Staining

For histopathological evaluation, tissue samples were col-
lected from the same lobule then were fixed in 10% neutral
buffered formalin, embedded in paraffin and were sec-
tioned at 5 um thickness, and stained with Masson’s tri-
chrome (MT) staining.

Oxidative Stress Analysis
The hepatic oxidative stress status was determined by
measuring the total antioxidant capacity (TAC), total thiol

group (—SH), total oxidant status (TOS) and malondialde-
hyde (MDA).
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Total Antioxidant Capacity

TAC was determined by measuring the ability of sample to
reduce ferric ion (Fe III) to ferrous (Fe II). Fe II with 2.4,6-
Tris(2-pyridyl)-s-triazine (TPTZ) forms a blue colored
complex with maximum absorbance at 593 nm [13].

Total Oxidant Status

TOS value rely on the ability of sample to oxidize the Fe II
to Fe III. Briefly, the Fe III with xylenol orange produces a
colored complex in acidic conditions. The assay was cali-
brated with H,O, and results were expressed in terms of
micromolar hydrogen peroxide equivalents per liter [14].

Lipid Peroxidation Assay

MDA as the final product of lipid peroxidation was mea-
sured as described previously [15]. Briefly, the MDA forms
a colored complex with the thiobarbituric acid. 1,1,3,3-
tetraecthoxypropane was used as a standard.

Total Thiol Content

The —SH level was estimated according to the previously
described [16]. —=SH groups react with 5,5'-Dithiobis (2-
nitrobenzoic acid) (DTNB) to form a yellow colored
complex that was assayed spectrophotometrically at
412 nm.

RNA Isolation and Quantitative Reverse
Transcription-Polymerase Chain Reaction (qRT-
PCR)

Total RNA was isolated from frozen tissues using RNX-Plus
solution (Cinnagen, Iran) according to the manufacturer’s
instructions. The quantity and quality of the total RNA were
measured using nanodrop 2000 spectrophotometer (Thermo
Fisher Scientific Inc., USA). The cDNA was synthesized
from RNA using the cDNA synthesis kit (TaKaRa
Biotechnology, Japan). The quantitative PCR was performed
by SYBR Green master mix (Amplicon, Denmark) in the
LightCycler®96 instruments (Roche Life Science Deutsch-
land GmbH, Sandhofer, Germany). The specific primers
were designed and evaluated with the aid of NCBI Primer-
Blast tool and were synthesized (Bioneer. Korea). The for-
ward and reverse primer sequences were listed as follow.
Actb, forward: 5'CCCGCGAGTACAACCTTCT3/, and
reverse: 5’CGTCATCCATGGCGAACT3?'. LoxI12, forward:
5 AGTCCAGCTACCAACACAGG?, and reverse:
5’AGACAAGCAGTGCCAAACAG?3'. All reactions were
performed in triplicates and the relative gene expression
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level was analyzed according to 27AAC formula. The
housekeeping gene (B-actin) was used as the internal control.

Western Blot Analysis

Liver tissues were homogenized in radioimmunoprecipi-
tation assay (RIPA) buffer containing protease inhibitor.
The total protein content was measured by bicinchoninic
acid method. Tissue lysate were resolved in sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Then proteins were transferred to nitrocellulose
membrane. After blocking, the primary antibodies, LOX
(ab174316, Abcam), and B-Actin (ab119716, Abcam) were
used. B-Actin protein was used as a loading control. Den-
sitometric analysis of bands was performed with the Image
J software.

Statistical Analysis

Statistical analyses were performed with SPSS 16.0 soft-
ware (IBM, Armonk, NY, USA) and GraphPad Prism 5.00
software (LaJolla, CA, USA). Statistical significances were
determined using one-way analysis of variance (ANOVA).
All data were expressed as mean =+ standard error of mean
(SEM). p < 0.05 was considered significant.

Results

Carvacrol Normalized Serum Biochemical
Parameters in CCl, Induced Liver Fibrosis in Rat

It was found that liver fibrosis induction significantly
increased serum level of liver markers AST, ALT and ALP
compared with HC group reflecting hepatic damage. Car-
vacrol decreased AST and ALT dramatically near to nor-
mal level (p <0.001). Also, ALP was decreased by
carvacrol  supplementation  obviously  (p < 0.001)
(Table 1).

Carvacrol Improved Deposition of Collage Cause
by CCl, Hepatotoxicity

Figure 1 implies, thick collage fiber bundles were mark-
edly increased in rats treated with CCly. Also fibrous
expansion of most portal areas with occasional portal-to-
portal bridging was detected. But this increase was sig-
nificantly reduced in rats treated with carvacrol whereas
small amount of thin collagen fiber bundle were observed.
As expected, no sign of liver fibrosis was found in the
untreated CCl, groups.
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ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, FC fibrotic
control, 770 CCly + carvacrol 70 mg/kg, C70 olive oil + carvacrol 70 mg/kg, VC olive oil alone, HC

normal saline alone
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PRestore to HC group [there was no significant difference to HC group (p > 0.05)]. Data were expressed as
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°p < 0.001

FC T70 C70

Fig. 1 Masson’s trichrome staining (x 100 magnification). FC
fibrotic control, 770 CCl + carvacrol 70 mg/kg, C70 olive
oil + carvacrol 70 mg/kg, VC olive oil alone, HC normal saline
alone. FC group; many bundles had grown into the lobules and

Carvacrol Attenuated Oxidative Stress Caused
by CCly in the Liver of Rats

As expected oxidant/antioxidant balance didn’t disrupt in
C70 group than HC group. As shown in Fig. 2 after chronic
CCl, exposure, antioxidant indicators were decreased and
oxidant indicators were enhanced as compared with HC
group significantly. Carvacrol treatment increased TAC
level significantly compared to the FC group in which
restored TAC level to normal level completely
(p < 0.001). Also, the hepatic level of —SH was restored by
carvacrol treatment compared to the FC group (p < 0.001).
The TOS level in T70 group was lower than FC group
significantly (p < 0.01). Augmented MDA level in tissue
lysate during CCly injection was reduced by carvacrol
administration remarkably (p < 0.001).

Carvacrol Reduced Hepatic Protein and Gene
Expression of LOX in CCl, Induced Liver Fibrosis
in Rat

On the base of previous attempt, expression of lysyl oxi-
dase homolog 2 (LoxI2) is mainly upregulated in liver
fibrosis. As shown in Fig. 3a the gene expression of LoxI2
was increased by induction of liver fibrosis. The carvacrol
reduced the mRNA level of LoxI2 significantly relative to

vC A HC

connected the central and portal areas; T70 group, collagen deposition
is markedly reduced in rats treated with carvacrol. C70, VC and HC
groups, no fibrosis

FC group (p < 0.01). Western blot analysis showed the
protein level of LOX was greater in FC group than HC
group through liver fibrosis induction. Also, carvacrol
administration reduced protein level of LOX compared to
FC group. Administration of carvacrol in untreated CCly
rats didn’t affect on the hepatic protein level of LOX
compared to HC group (Fig. 3b).

Discussion

The latest in vitro and in vivo studies highlighted collagen
cross-linking plays an important role in irreversibility of
liver fibrosis in late stage and could be considered as an
attractive therapeutic target in the regression of liver
fibrosis. In this context, we investigated the effects of
carvacrol treatment on hepatic protein and gene expression
of LOX in CCly induced liver fibrosis in rats.

The serum levels of ALT, AST and ALP as liver specific
biomarkers are useful for evaluating of liver injury. Our
results showed carvacrol reduced the serum level of this
factors dramatically compared with FC group that was in
agreement to Hussein, et al. [17] study that showed the
administration of nano-encapsulated form of carvacrol
normalized serum level of ALT and AST in experimental
liver fibrosis model. Also Aristatile, et al. [8] have reported
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Fig. 2 The effect of carvacrol on oxidative stress parameters in CCly-
induced liver fibrosis. TAC total antioxidant capacity (a), —SH total
thiol group (b), TOS total oxidant status (c), MDA malondialdehyde
(d). FC fibrotic control, 770 CCl, + carvacrol 70 mg/kg, C70 olive

3 weeks administration of carvacrol was enough for
returning of liver marker enzymes and total bilirubin to
normal level in p-galactosamine-hepatotoxic rats.

The MT staining indicated the carvacrol treatment
markedly attenuated the liver fibrosis development com-
pared with FC group. There was a lower fibrosis score
when carvacrol was administrated and thickness of colla-
gen fiber bundles were markedly decreased than FC group.
These observation showed modulatory effect carvacrol on
collagen accumulation in ECM while had no adverse effect
on liver architecture in absence of CCl,.

Our observation declared administration of carvacrol
70 mg/kg attenuated oxidative stress cause by CCly hepa-
totoxicity. However our treatment approach was not able to
restore oxidative stress status to normal level. These find-
ings was in compatible to recent study. Bozkurt et al. [18]
showed pretreating rats with carvacrol reduced hepatic
MDA level and augmented TAC level in rat model of liver
injury. Additionally, previous attempt by Balan et al.
indicated carvacrol at dose of 15 mg/kg augmented the
activity of antioxidant enzymes such as —SH, catalase
(CAT), superoxide dismutase (SOD) and glutathione
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oil + carvacrol 70 mg/kg, VC olive oil alone, HC normal saline
alone. #: compared to FC group, ¢: restore to HC group [there was
no significant difference to HC group (p > 0.05)]. Data were
expressed as Mean & SEM. *p < 0.01; #p < 0.001

peroxidase (GPX) in the N-nitrosodiethylamine induced
liver damage in Wistar rats [19].

Collagen cross-linking in pathological conditions cat-
alyzed mainly by LOX enzyme. Several previous studies
have determined the inhibition of LOX postponed liver
fibrosis development and can be lead to reverse liver
fibrosis [20]. The current gene expression analysis
revealed, carvacrol suppresses Loxl2 expression at the
transcriptional level. Compatible to present data, Lytle
et al. [21] showed mRNA level of Lox]2 was elevated more
than other Loxl subtypes during liver fibrosis induction and
was downregulated by feeding docosahexaenoic acid.

According to the recent study carvacrol treatment
inhibited TGF-B signaling pathway as a key signaling
pathway that participates in the liver fibrosis progression
[22]. On the other hand previous studies showed TGF-3
signaling pathway induces extracellular Lox expression
during the pathogenic conditions [23, 24]. Therefore
downregulation of TGF- pathway by carvacrol treatment
may be lead to reduce expression of extracellular Lox
consequently decrease collagen cross-linking.

On the other hand Ikenaga et al. [25] showed specific
inhibition of the activity of LOXL2 by monoclonal
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Fig. 3 The effect of carvacrol on gene expression of LoxI2 and
protein expression of LOX in CCly-induced liver fibrosis. a the gene
expression analysis of hepatic Lox12, b Western blot analysis of
hepatic LOX protein. FC fibrotic control, 770 CCl, + carvacrol
70 mg/kg, C70 olive oil + carvacrol 70 mg/kg, VC olive oil alone,
HC normal saline alone. 4: compared to FC group. Data were
expressed as Mean & SEM. *p < 0.01

antibody simtuzumab facilitates liver fibrosis regression
and arrests liver fibrosis progression. Although simtuzumab
treatment in patients with idiopathic pulmonary fibrosis
was coincided with side effects including dyspnea, cough
and upper respiratory tract infection [26]. In harmony with
gene expression data, carvacrol 70 mg/kg treatment
reduced elevated level of hepatic LOX protein signifi-
cantly. Recent attempt by Zhao et al. [27] showed in vivo
inhibition of LOXL1 by LOXL1-shRNA in liver cirrhotic
models suppresses liver fibrosis progression by inhibiting
elastin crosslinking. As well as, in vitro silencing of
LOXL1 downregulated elastin expression in LX-2 cells.
Taken together, our results indicated, administration of
carvacrol as a natural compound can be considered as a
more effective therapeutic approach with less side effect
than enzyme inhibition.

Conclusion

In conclusion, our study provided a molecular mechanism
for the anti-fibrotic effect of carvacrol as a natural com-
pound through downregulation of LOX. Further studies for
identifying the effect of carvacrol on tissue stiffness and
LOX activity can provide more documentation to reject or
confirm our observations.
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