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Abstract

Background and purpose: Cholestasis is caused by a malfunction of the biliary liver system. Oxidative stress
plays an essential role in the progression of cholestasis. This study aimed to investigate the antioxidant and
hepatoprotective effects of ethanolic extract of Juniperus excelsa M. Bieb (JE) fruits on hepatic impairment
induced by bile duct ligation (BDL) in rats.

Experimental approach: Forty male Wistar rats were randomly divided into 4 groups; sham control + vehicle
(SC), BDL + vehicle (BDL), BDL + JE extract (BDL + JE), and SC + extract (SC + JE). One day after surgery,
the animals were treated with vehicle or ethanolic extract of JE (500 mg/kg/day) for 7 days. Finally, the blood
was taken for biochemical and oxidative stress analysis. Furthermore, the liver tissue of rats was removed for
histological examination.

Findings/Results: Treatment with the extract of JE decreased the ALP level, whereas it enhanced total protein
content compared to the BDL group. Also, JE increased the activity of SOD and GPx, as well as FRAP content
compared to the BDL group; while it did not significantly affect the levels of MDA and inflammation markers.
However, JE could not improve BDL-induced histopathological alterations in hepatic tissue.

Conclusion and implication: This study demonstrated that JE may be useful as an adjuvant therapy by
attenuating ALP activity, increasing serum total protein and FRAP content, as well as improving the
antioxidant enzymes activity of SOD and GPx. However, further research is warranted to explore the other
underlying mechanisms of action.

Keywords: Anti-inflammatory; Antioxidant; Bile duct ligation; Juniperus excelsa; Liver; Rat.

INTRODUCTION hepatocytes (3). Cholestasis may be caused by

various drugs, familial cholestatic disturbances,

The liver is the largest organ in the body. It obstructive  cholestasis, primary biliary

contributes to the glucose balance, bile cirrhosis, extrahepatic biliary atresia, oral
generation, inactivation and detoxification of contraceptive drugs, and sepsis (4).

several factors, and management of immune
reactions (1). The most common liver diseases

. . . . . Access this article online
include jaundice or obstructive cholestasis,

liver cirrhosis, hepatitis, fatty liver diseases,

.. . Website: http://rps.mui.ac.1
and cancers (2). Cholestasis is characterized by Shaite: hitp:/ixps.auxac.

dysfunction of bile secretion and/or bile flow
after the accumulation of toxic bile acids in
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Bile duct ligation (BDL) is a reliable
experimental model for induction of cholestasis
(5). The plasma levels of major liver enzymes
such as alkaline phosphatase (ALP), aspartate
aminotransferase =~ (AST), and  alanine
aminotransferase (ALT) elevated following
BDL-induced hepatocyte injury in rats (6).

Oxidative stress plays an essential role in the
progression of cholestasis and disrupts the
production and secretion of bile salts in the bile
ducts (7). The level of oxidative stress can be
measured by assessing the production of
malondialdehyde (MDA) levels (8). Three
major antioxidant enzymes of catalase (CAT),
superoxide dismutase (SOD), and glutathione
peroxidase (GPx) are the first-line defense
antioxidant against reactive species in cells (9).
Proinflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) and interleukin-
1 (IL-1) have a critical role in the exacerbation
of hepatic fibrosis (10). On the other hand, it
has been reported that interleukin 10 (IL-10)
leads to a disturbance in bacterial clearance in
BDL (11).

Today, herbal medicine is in great demand
throughout the world for the remedy of multiple
diseases (12). The genus Juniperusis one of the
chief categories of the Cupressaceae family
(13,14). There are approximately 70 species of
Juniperus all over the world (15). It is growing
in many countries such as Greece, Bulgaria,
Turkey, Syria, Iran, Pakistan, and Oman (16).
The habitat of this plant in Iran is mountainous
areas, including Alborz and Zagros mountains
(17,18).

The main chemical compounds of Juniperus
excelsa (JE) leaves are monoterpene,
hydrocarbons, flavonoids, flavonoid
glycosides, and tannins (19).

The antioxidant function of JE extract has
been revealed (20). In addition, the therapeutic
effects of Juniperus species in diabetes,
intestinal worms, regenerating of wounds, and
cure or protection of hepatic disturbances (21)
and liver reperfusion injury have been reported
(22). To the best of our knowledge, the effects
of JE fruits on BDL-induced liver damage have
not been evaluated. Therefore, in this study, we
aimed to investigate the hepatoprotective
effects of ethanolic fruit extract of JE on BDL-
induced injuries in rats.
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MATERIALSAND METHODS

Plant material and extraction

The fruits of JE were collected from the
mountains around the city of Kakan-Kohgivieh
and Boyer-Ahmad-Iran (altitude: 1800 m above
sea level) and were identified in the herbarium
section of the Faculty of Pharmacy of Tehran
University of Medical Sciences-Iran (Voucher
No. 6859 TEH). After collection, the juniper
fruits are cleaned and placed in room air away
from direct light for several days to dry, then
chopped and prepared. One hundred grams of
the dried plant was soaked in 1000 mL of
solvent (70% ethanol). The resulting mixture
was kept at 37 °C for 48 h and then filtered. The
mixture was concentrated in vacuo at -40 °C
using a rotary evaporator, and the obtained
extract was dried and frozen at -20 °C (23).

Animals

Male Wistar rats weighing 200-250 g were
obtained from Shahrekord (Shahrekord, Iran)
and acclimatized for one week before the
experiment. Animals were housed in an air-
conditioned room with 12/12-h light/dark
cycles under a controlled temperature (22 + 2
°C). The rats were housed in cages, fed with a
standard rat chow, tap water ad libitum, and
fasted overnight before the procedures,
but were given free access to water. The
study followed the ARRIVE guidelines,
and all protocols were done wunder the
Ethics Committee of Yasuj University
of Medical Sciences (Ethical code:
IR.YUMS.REC.1400.045).

Experimental design study

In this study, 40 rats were randomly assigned
to the following four groups (n = 10 each):

Group 1: Sham-control (SC), rats
experienced laparotomy without BDL surgery;
group 2: rats experienced BDL surgery alone;
group 3: JE, rats received an ethanolic extract
of JE fruits at 500 mg/kg for seven days through
gavage (24); group 4: BDL + JE, rats received
an ethanolic extract of JE fruits at 500 mg/kg
for seven days through gavage and then
underwent BDL surgery.

BDL was induced under general anesthesia
by a combination of ketamine HCI1 (50 mg/kg)



and xylazine HCl (10 mg/kg), injected
intraperitoneally (25). Briefly, after a midline
incision in the abdomen, the common bile duct
was ligated and the bile duct was cut between
the ligatures (26). One day after surgery, the
animals received 0.5 mL of normal saline/kg
(27) or JE (500 mg/kg/day) for 7 consecutive
days orally. At the end of the protocol, the rats
were killed by puncturing the heart under
anesthesia and the blood was taken.
Furthermore, the liver tissue of rats was
removed and divided into two pieces; one piece
was administered for preparing homogenate
tissue and the other piece was fixed in 10%
formalin for hepatic histologic studies.

Biochemical analysis

To assess the serum levels of ALT, AST,
ALP, total bilirubin, total proteins,
and oxidative stress markers, blood was
collected from the heart without the use
of anticoagulant and allowed to clot before
being centrifuged at 5000 g for 10 min (28).
Then, the above-mentioned parameters were
measured by commercial assay kits (Pars
Azmoon Co. Iran), and read by a biochemical
autoanalyzer.

Preparation of liver homogenate tissue

For evaluation of oxidative stress
parameters, one piece of liver tissue was
quickly removed, weighed, and homogenized
with a homogenizer in ice-cold phosphate-
buffered saline solution (PBS; 50 mM, pH 7.4).
It centrifuged for 10 min at 10000 g at 4 °C and
the supernatant was maintained at -20 °C to
determine the oxidative stress parameters as
described below (29).
Assay  of antioxidant
plasma/power

In this method, ferric reducing antioxidant
plasma/power (FRAP) was measured based on
the ability of plasma or liver tissue to
homogenate in the restoration of ferric ion
(Fe**) to ferrous ion (Fe?") in the presence of
tripyridyl-s-triazine (TPTZ) reagent at low pH.
Blue resulting color intensity was determined
spectrophotometrically at a wavelength of
593 nm (30). The FRAP content was expressed
as umol/L for plasma and pmol/g for tissue.

ferric-reducing
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Assay of total thiol

To assay total thiol (TSH), the tissue
homogenate was treated with 5,5'-dithiols-(2-
nitrobenzoic acid (DTNB) reagents. Then, it
was vortexed gently and the absorbance was
determined at 412 nm (31).

Assay of carbonyl protein

The concentration of serum protein carbonyl
(PCO) was measured using a
spectrophotometric method (32). In summary,
serum  samples  were treated  with
2,4dinitrophenylhydrazine  (DNPH). After
treatment with trichloroacetic acid, the
sedimentation was washed with ethanol: ethyl
acetate (1:1, v/v) and dissolved in guanidine
hydrochloride (29).

Assay of MDA

In this method, a total of 0.5 mL of tissue
homogenate or serum was mixed separately
with 2 mL of a solution containing
thiobarbituric acid (15% w/v), trichloroacetic
acid (.375% w/v), and 0.25 N HCI. The content
was heated in a water bath for 15 min, then
cooled for 10 min in ice water, and
then centrifuged for 15 min at 2000 g.
The absorbance was read at 535 nm and
expressed as pmol/g for tissue and pmol/L for
serum (31).

Assay of antioxidant enzyme activity

The activity of antioxidant enzymes of SOD,
GPx, and CAT in the homogenate tissue was
calorimetrically determined according to the
manufacturer’s instructions of commercial kits
(Nagpix, Iran) using an ELISA reader (Biotek,
Netherlands) and presented as U/mL.

Histopathological analysis

For histopathological evaluation, the liver
tissue was removed and fixed in a 10% formalin
solution. Then, automatically dehydrated
through a graded series of alcohols, and
embedded in paraffin. Afterward, cut into 5 um
sections using a microtome, and then stained
with hematoxylin and eosin (H&E) (33).

Statistical analysis
The data were analyzed by SPSS 19 and
shown as mean + SEM. Statistical analysis was
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performed by one-way analysis of variance
(ANOVA) followed by the Tukey post hoc
analysis test. The P-values < 0.05 were
considered statistically significant.

RESULTS

Effect of JE on biochemical parameters in
BDL rats

As shown in Fig. 1A-E, following BDL-
induced hepatic injury the plasma levels of
AST, ALP, ALT, total bilirubin, and total
protein markedly increased in the BDL group in
comparison with the SC group. Treatment with
the ethanolic extract of JE significantly
decreased the plasma level ALP, whereas it
significantly enhanced the total protein level in
rats in comparison to the BDL group. There was
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no significant alteration in the plasma
concentration of total bilirubin relative to the
BDL group (P > 0.05).

Effect of JE on serum oxidative stress markers
in BDL rats

As shown in Fig. 2A-C, following
BDL-induced hepatic injury the serum levels of
FRAP and MDA significantly increased in the
BDL rats when compared with the SC group.
Treatment with the ethanolic extract of
JE dramatically enhanced the level of FRAP
in comparison with the BDL group,
while treatment with JE had no significant
effect on the serum level of MDA relative to
the BDL group (P > 0.05). As indicated, there
was no significant change in serum level of
PCO (P> 0.05).
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Fig. 1. Effects of ethanolic extract of JE (500 mg/kg, 7 consecutive days, gavage) on serum levels of liver enzymes of
(A) AST, (B) ALT, (C) ALP, (D) total bilirubin, and (E) total protein following BDL-induced liver damage in rats. Data
are expressed as mean = SEM, n = 10. *P < 0.05 Indicates significant difference in comparison with the SC group;
#P < 0.05 versus the BDL group. SC, Sham control; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; BDL, bile duct ligation; JE, Juniperus excelsa.
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Fig. 2. Effects of ethanolic extract of JE (500 mg/kg, 7 consecutive days, gavage) on the level of (A) FRAP, (B) MDA,
and (C) PCO after BDL-induced liver injury in rats. Data are expressed as mean + SEM, n = 10. *P < 0.05 Indicates
significant difference in comparison with the SC group; *P < 0.05 versus the BDL group. SC, Sham control; FRAP, ferric
reducing antioxidant plasma; MDA, malondialdehyde; PCO, protein carbonyl; BDL, bile duct ligation; JE, Juniperus
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Fig. 3. Effects of ethanolic extract of JE (500 mg/kg, 7 consecutive days, gavage) on the tissue concentrations of (A)
FRAP, (B) TSH, and (C) MDA after BDL-induced liver injury in rats. Data are expressed as mean + SEM, n = 10.
*P < (.05 Indicates significant difference in comparison with the SC group; *P < 0.05 versus the BDL group. SC, Sham
control; FRAP, ferric reducing antioxidant power; TSH, total thiol; MDA, malondialdehyde; BDL, bile duct ligation; JE,

Juniperus excelsa.

Effect of JE on tissue oxidative stress markers Effect of JE on antioxidant enzyme activity in

in BDL rats BDL rats

As indicated in Fig. 3A-C, following BDL As shown in Fig. 4A-C, following
surgery in rats the concentrations of FRAP and BDL-induced liver damage in rats the activity
MDA in liver tissue significantly increased in of the antioxidant enzyme of SOD significantly
the BDL rats in comparison with the SC group. decreased in the BDL group when compared
Treatment with the ethanolic extract of JE with the SC group. Treatment with the ethanolic
remarkably decreased the level of FRAP in extract of JE significantly enhanced the activity
comparison with the BDL group, while of SOD in comparison with the BDL group.
pretreatment with JE had no significant effect BDL induction had no significant effect on

on the tissue level of MDA relative to the BDL CAT and GPx in rats (P > 0.05). Treatment
group (P > 0.05). As indicated, there was no with JE significantly increased the activity of
significant change in the level of TSH in liver GPx in liver tissue as compared with the BDL

tissue in rats (P > 0.05). group.
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Fig. 4. Effects of ethanolic extract of JE (500 mg/kg, 7 consecutive days, gavage) on serum levels of (A) CAT, (B) SOD,
and (C) GPx following BDL-induced hepatic damage. Data are expressed as mean + SEM, n = 10. *P < 0.05 Indicates
significant difference in comparison with the SC group; P < 0.05 versus the BDL group. SC, Sham control; CAT,
catalase; SOD, superoxide dismutase; GPx, glutathione peroxidase; BDL, bile duct ligation; JE, Juniperus excelsa.
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Fig. 5. Effect of JE on cytokine markers including TNF-a, IL-10, and IL-6 in bile-duct-ligated rats. Data are expressed as
mean + SEM, n = 10. TNF-a, Tumor necrosis factor-alpha; IL, interleukin; SC, sham control; JE, Juniperus excelsa.

Effect of JE on cytokine markersin BDL rats

As shown in Fig. 5 BDL-induced liver
damage in rats had no significant effect on the
levels of cytokine markers such as TNF-q,
IL-10, and IL-6 in comparison with the SC
group (P > 0.05). Treatment with the ethanolic
extract of JE did not significantly affect the
above-mentioned parameters when compared
to the BDL group (P > 0.05).

Effect of JE on histopathological changes in
BDL rats

As indicated in Fig. 6, our experimental
model of BDL-induced hepatic cholestasis led
to remarkable histopathological changes in the
BDL group such as bile duct proliferation,
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moderate portal inflammation, mild/moderate
piecemeal necrosis (inflammation extending
into the adjacent parenchyma) in some portal
area and fibrosis of some portal tract. While
the views of SC and SC + JE groups were
relatively normal hepatic lobule and portal triad
structure. The view of the BDL + JE group was
severe BD proliferation (ductular reaction) in
some portal areas, severe BD proliferation
associated with moderate portal inflammation
in some portal areas, focal inflammation with
hepatocyte necrosis in hepatic tissue, and
piecemeal necrosis portal tract. Therefore,
JE fruits could not effectively improve
BDL-induced histopathological alterations in
hepatic tissue.
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Fig. 6. Effects of ethanolic extract of JE on histopathological changes of BDL-induced cholestasis (hematoxylin and eosin
staining) in rats. SC group view: relatively normal hepatic lobule and portal triad structure. BDL group view: severe BD
proliferation (BDLI, black arrow, 200x), moderate portal inflammation (BDL2, circle/arrow, 400%), mild/moderate
piecemeal necrosis (BDL3, circle, 400%), and fibrosis of some portal tract (BDL4, arrow, 200x). JE group view: relatively
normal hepatic lobule and portal triad structure (SC + JE, 200x). BDL + JE group view: severe BD proliferation
(BDL + JE1, arrow, 200x), severe BD proliferation associated with moderate portal inflammation (BDL + JE2, blue/black
arrows and circle, 400x%), focal inflammation (BDL + JE3, blue arrow) with hepatocyte necrosis (BDL + JE3, black
arrow/circle. 400x) and mild piecemeal necrosis portal tract (BDL + JE4, arrow/circle, 400x). SC, Sham control; PV,
portal vein; BD, bile duct; CV, central vein; BDL, bile duct ligation; JE, Juniperus excels.

DISCUSSION

The present study demonstrated that
BDL-induced cholestasis plays a pivotal role in
liver damage by enhancing liver function tests,
oxidative stress markers, and significant
histopathological changes. Furthermore, we
showed that the ethanolic extract of JE has
hepatoprotective properties against BDL-
induced cholestasis in rats through attenuating
ALP level, increasing the SOD activity and the
FRAP level, as well as fairly alleviating the
histopathological alterations in hepatic tissue.

The BDL experimental model has been used
extensively to investigate cholestatic liver
disease and is associated with oxidative stress,
inflammation, and fibrosis (34). Serum levels of
liver enzymes ALT, AST, and ALP are
measured to track liver damage so that their
increased levels can be attributed to liver cell
dysfunction (35). Several studies showed a
remarkable elevation in the serum levels of the
above mentioned biomarkers associated with
significant histopathological changes after
BDL surgery (6,36). For instance, one study
showed that histopathological changes were
associated with an elevation in serum level of
ALP during BDL surgery (37). This elevation
may be related to the accumulation of bile salts
that leads to cell membrane injury and
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eventually releases the ALP enzyme into the
blood (38). In the current study, we observed a
significant increase in serum levels of ALT,
AST, and ALP following BDL-induced liver
damage.

Data from the present investigation showed
that treatment with ethanolic extract of JE has a
partially protective effect on BDL-induced
hepatic injury through attenuating serum levels
of ALP when compared to the BDL group. In
this regard, it is reported that J. phoenicea
berries attenuated the level of plasma ALP after
CCls-induced liver injury (39). On the other
hand, it has been demonstrated that ethyl
acetate fraction of J. communis leaves had a
significantly decreased effect on the increased
serum level of ALP and, in contrast, this agent
had a significantly decreased effect on the
enhanced serum levels of AST and ALT
following acetaminophen-induced liver injury
(27). Moreover, it has been reported that the
administration of ethanolic fruit extract of
Solanum xanthocarum associated with J.
communis on hepatotoxicity induced by co-
administration of paracetamol and
azithromycin not only returned the biochemical
parameters to near-normal levels but also
improved the histopathological changes in the
liver tissue of rats (40). Earlier reports showed
that hyperbilirubinemia is associated with
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cholestasis-induced liver injury (41,42).
Inconsistent, our data showed that bilirubin as
an important and valid biochemical index of
bile flow disruption increased following
BDL-induced liver damage and treatment with
ethanolic extract of JE had no remarkable effect
on the level of total bilirubin versus the
BDL group.

A previous study indicated that total protein
was significantly reduced in the acute phase
(week 1) of BDL induction (43). In contrast, our
data showed that total protein significantly
increased beyond BDL induction (after 7 days)
and treatment with ethanolic extract of JE
dramatically increased the serum total protein
in BDL rats. In this regard, it is reported
that stimulation of protein synthesis is
considered the hepatoprotective mechanism
that promotes the regeneration activity of
hepatocytes (44).

Oxidative stress plays an important role in
cholestatic hepatic damage (45). Oxidative
stress results from an imbalance between the
generation of reactive oxygen species (ROS)
and antioxidant systems (46) and is associated
with increasing the levels of ROS and lipid
peroxidation. Peroxidation of lipids leads to
remarkable changes in the membrane structure
and cell death (40). Numerous studies have
shown that the level of MDA, a major lipid
peroxidation indicator, increased in the serum
and liver tissue of cholestatic rats(47,48). Its
elevated levels could reflect the degrees of lipid
peroxidation injury in hepatocytes.

In the current study, MDA remarkably
increased in both serum and liver tissue in BDL
rats and treatment with JE at the dose of 500
mg/kg had no significant effect on serum and
liver tissue of MDA.

PCO is a well-known form of oxidative
injury to proteins, serving as an initial marker
for assessing free-radical-mediated protein
oxidation (49,50). Earlier literature indicated
that oxidative damage to proteins takes place in
cholestatic hepatic injury models of BDL and
PCO levels increased following BDL surgery
(29,51). Data from this study showed that there
was no statistically significant difference
among the studied groups. Therefore, treatment
with JE 500 mg/kg did not significantly impact
the serum level of PCO biomarkers.
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TSH is a sensitive biomarker of oxidative
stress and plays an important role in antioxidant
systems (51). Preceding investigations showed
that the level of TSH in liver tissue decreased
following BDL-induced hepatic damage (51).
In the current study, no statistical difference
was found among all groups.

Endogenous antioxidants enzymes such as
SOD, CAT, and GPx, or non-enzymatic
compounds like uric acid, bilirubin, albumin,
and metallothioneins (52) play a key role in
protecting the liver against various toxicants
(53). Several studies have been reported that the
antioxidants mitigate BDL-induced liver injury
(29,54). There is much evidence that herbal
medicine including Origanum majorana (55),
and Nasturtium  officinale  (29) has
hepatoprotective effects through antioxidative
effects against BDL-induced cholestasis. The
antioxidant activity of JE essential oils and
extracts was determined (56). Furthermore, it is
reported that the antioxidant activity of JE
extracts is partly mediated by FRAP (57). In the
current study, we showed that JE at 500 mg/kg
significantly increased the activity of SOD and
GPx, as well as the serum level of FRAP, while
did not significantly affect the activity of CAT
in comparison with the BDL rats.

Photomicrographs of H&E-stained liver
sections of our study showed severe bile duct
proliferation, moderate portal inflammation,
mild/moderate piecemeal necrosis, and fibrosis
of some portal tracts in BDL rats. Inconsistent,
other studies showed a  significant
histopathological change such as portal vein
congestion with bile duct proliferation with
edematous of the epithelial lining and
inflammation, moderate portal and peri-portal
inflammation, bile stasis, and apoptotic
hepatocytes in BDL rats (6). In this study, no
gross histopathological alterations were found
in rats treated with ethanolic extract of JE in
comparison with BDL operation.

CONCLUSION

Our results clarified that JE has therapeutic
effects on BDL-induced liver injury by
attenuating ALP activity, increasing total
protein and FRAP levels, as well as raising the
antioxidant enzyme activity of SOD and GPx.



Collectively, the current study demonstrated
that JE may be useful as adjuvant therapy in
cholestasis by increasing antioxidant activity
and hepatoprotective effects.
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