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Abstract

Background: Cholestasis is described as a disease in which bile flow from the liver is reduced or stopped, and due to its oxidative
effects, irreversible consequences may occur.
Objectives: Due to the remarkable antioxidant properties of Oliveria decumbens (OD) and the contribution of oxidants to the pro-
gression of bile duct ligation (BDL)-induced cholestasis, this research aimed to examine how the OD ethanolic extract affected liver
damage and oxidant-antioxidant balance markers in BDL-induced cholestasis.
Methods: Forty male Wistar rats weighing 200 - 250 g were used. Cholestasis was induced using the BDL approach. The rats were
categorized into four groups: Group 1, sham-control (SC); group 2, cholestatic; group 3, SC + OD; and group 4, cholestatic + OD. A
dose of OD ethanolic extract was administered orally (500 mg/kg/day) to rats for seven days. Seven days following surgery, the rats’
blood samples were collected; after sacrifice, a part of the liver tissue was isolated. A histopathological examination was performed,
while the rest was stored at -70°C in liquid nitrogen. Heparin-containing tubes were used to gather blood samples. In plasma and
hepatic tissue, biochemical tests, histopathological evaluations, and oxidative stress markers staining levels were performed.
Results: Our findings showed that OD could effectively reduce liver injury by reducing the activity of liver function enzymes (AST
and ALP). At the same time, it did not affect total bilirubin and protein. Bile duct ligation-induced hepatic markers of protein oxi-
dation (PCO) and reactive nitrogen species (NO) were significantly decreased by OD, and it also promoted liver antioxidant capacity
by enhancing superoxide dismutase (SOD) activities. Moreover, OD treatment prevented liver bile duct proliferative changes in
histopathologic analysis.
Conclusions: Our study confirmed that OD exerts substantial hepatoprotective activities against BDL-induced cholestasis by im-
proving liver damage markers and regulating oxidative stress. It may be a beneficial therapeutic agent for managing cholestasis.
Bioassay-guided isolation and identification of bioactive OD secondary metabolites can further direct the discovery of potential
natural-based drug candidates.
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1. Background

The liver is the principal organ in charge of the selec-
tive absorption, metabolism, and excretion of xenobiotics,
drugs, and environmental toxins (1). Impaired liver func-
tion and defects in the generation, secretion, and flow of

bile result in systemic and hepatic accumulation of chem-
icals in bile, which has damaging and toxic effects on
liver cells and other organs in non-physiological concen-
trations. If this phenomenon persists, it can cause hep-
atic cholestasis, in which an increase in bile concentration
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triggers neutrophil accumulation, reactive oxygen species
(ROS) generation, tissue inflammation, and the onset of
oxidative stress, apoptosis, and necrosis of hepatocellular
(2). Cholestasis is a severe liver disease associated with im-
paired bile formation and its acid accumulation. Intrahep-
atic cholestasis occurs in liver illnesses like hepatitis, drug-
induced liver damage (erythromycin acetate and chlor-
promazine), pregnancy, and primary biliary cirrhosis (3).
Without efficient therapy, cholestasis can create itching,
jaundice, or high blood cholesterol, gradually leading to
liver fibrosis, cirrhosis, and even liver failure. Currently, ur-
sodeoxycholic acid (UDCA) is the sole US Food and Drug Ad-
ministration (FDA)-approved medicine for relieving symp-
toms and improving abnormal liver enzymes; neverthe-
less, some individuals show just a partial or no response to
the UDCA therapy. Therefore, discovering potential drugs
for treating cholestasis is indispensable (4).

Oxidative stress, triggered by free radicals, is one of the
critical parameters involved in hepatic cholestasis devel-
opment and progression. At the same time, the release
of pro-inflammatory cytokines from Kupffer cells leads
to chronic inflammation (5, 6). Antioxidants, as chemi-
cal agents, break down molecular oxygen radicals (pro-
oxidants) or neutralize their effects. The enzymatic antiox-
idants comprising superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx) are important for
intracellular protection by quickly suppressing ROS like
hydrogen peroxide, superoxide, and hydroxyl radicals (7),
however, non-enzymatic antioxidants like vitamins E, C
(ascorbic acid), and A, flavonoids, albumin, glutathione,
thioredoxins, uric acid, polyphenol metabolites, and metal
ions chelators including ferritin, transferrin, and cerulo-
plasmin play also key roles in the defensive mechanism (7).

A non-malignant cell has a proper balance of pro-
oxidants and antioxidants; however, raising pro-oxidants
or reducing antioxidants generates oxidative stress, and its
prolongation destroys biomolecules like proteins, lipids,
nucleic acids, and structural carbohydrates (8). ROS can
interact with cellular elements like proteins, lipids, and
DNA through specific reactions. Among these reactions,
lipid peroxidation is the most harmful since the formation
of lipid peroxidation products directly promotes the pro-
duction of free radicals. Lipid peroxidation disrupts mem-
brane integrity, changes fluidity and permeability, alters
ion transport and inhibits metabolic processes (9). The
oxidation of thiol proteins and the formation of carbonyl
proteins, which mainly occur in the amino acids cysteine
and methionine, are the most common oxidative changes
in proteins. These oxidative stresses can inhibit the sub-
strate’s binding besides reducing the enzymes’ quality
and activity (10).

Since the common chemical treatments are long-
lasting and have various side effects, today, the tendency
to use herbal and traditional medicine has increased. Ap-
plying natural and available materials, compatibility of
these substances with the body and less damage to the nor-
mal tissues and the body cells have encouraged many re-
searchers to study medicinal plants and their therapeutic
potencies. The mountain urchin, with the scientific name
Oliveria decumbens vent (OD), is an annual plant of the Api-
aceae family and grows in southeastern Anatolia, Syria,
Iraq, and Iran (11). This plant is robust to adverse weather
conditions and has many medicinal, nutritional, and cos-
metic potentials (12). Oliveria decumbens is traditionally
consumed to cure infections and diseases of the gastroin-
testinal tract. This plant (often known as "Shavasara" or
"Moshk Choopan") grows in restricted parts of Iran’s south
and west. It is utilized in traditional or ethnic medicine
to cure several disorders, including diarrhea, indigestion,
abdominal pain, infections, and fever. Ethnomedicinal re-
ports showed that OD had been utilized as a heart and
liver tonic and a central nervous system (CNS) stimulant
(11). Its antibacterial, antioxidant, anti-Helicobacter pylori,
anti-cholinesterase, anti-tumor, and insecticidal proper-
ties have also been demonstrated (12). Additionally, the
presence of phenolic compounds has been linked to the
plant essential oil’s notable antioxidant and antibacterial
activities (11). Studies on the biological functions of OD es-
sential oil have recently been carried out. According to gas
chromatographic analysis, thymol, carvacrol, p-cymene,
and γ-terpinene are the main compounds that are abun-
dant in essential oils (11). The remedial properties of this
plant can chiefly be ascribed to its volatile components,
such as carvacrol and thymol. Thymol and carvacrol ex-
hibit a wide spectrum of biological effects such as antibac-
terial, anti-Helicobacter pylori, and cytotoxic activities (12,
13).

Jamali et al. identified the mechanism of apoptosis re-
lated to the cytotoxicity of OD and introduced it as an op-
tion for cancer treatment (14). Recently, the incidence of
opportunistic fungal infections such as candidiasis has sig-
nificantly increased due to immunocompromised condi-
tions. This nosocomial infection is caused by different Can-
dida species, where C. albicans is the main disease agent
and shows varied antifungal susceptibility (15).

A validated animal model based on the induction of
extrahepatic cholestasis in mice using bile duct ligation
(BDL) has been proposed to evaluate the hepatic cholesta-
sis potency (16). This model induces bile duct-directed in-
flammatory response, which results in bile duct damage
linked to biliary proliferation, eventually leading to liver fi-
brosis and cirrhosis. Cholestasis and obstructive jaundice
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occur approximately seven days after BDL, which can be
used in therapeutic studies for the protective effect against
cholestasis (17).

2. Objectives

The current study was planned to assess the potency
of the OD ethanolic extract on liver damage and oxidant-
antioxidant balance markers in BDL-induced cholestasis in
a rat model.

3. Methods

3.1. Plant Extract Preparation

The OD flowers were gathered from the Sisakht region
(next to Yasuj) in spring, then cleaned and dried in a dark
room. The dried plant material was subsequently crushed,
and 100 g was extracted through 1 L of ethanol (70%) using
the maceration method at 37°C for 48 h. The filtrate was
concentrated utilization of a rotary apparatus under vac-
uum conditions. The extract was then dried in an incuba-
tor at 50°C and kept at -20°C until further experiments (18).

3.2. Study Design and Target Groups

In the current study, 40 male Wistar rats (three months
old) weighing 200 - 250 g were used. The study followed
the ARRIVE guidelines, and all protocols were done under
the Yasuj University of Medical Sciences Ethics Committee
(Ethical code: IR.YUMS.REC.1400.046). In order to cause
cholestasis in 20 rats, the BDL method was used. After pro-
ducing general anesthesia with ketamine (50 mg/kg) and
xylazine (10 mg/kg), the animal’s common bile duct was
tied on both sides and cut in half, resulting in cholesta-
sis seven days later. Simultaneously on the rest 20 rats,
all surgeries were performed except ligation of the bile
duct, and these animals were considered sham-operated
(19). Generally, the rats were divided into four groups,
and seven days after surgery, sampling was done under
approved ethical protocols. Furthermore, they were sac-
rificed after anesthesia was induced by ether using a com-
plete blood sample from the heart.

In the present case-control study, the animal popula-
tion consisted of four groups of 10 rats, as follows: (1) Group
1, sham-control: Surgery except for BDL, daily intake: 500
µL normal saline; (2) group 2, cholestatic: Surgery with
BDL, daily intake: 500 µL normal saline; (3) group 3, sham
+ OD: Surgery except for BDL, daily intake: OD ethanolic ex-
tract at a dose of 500 mg/kg for seven days (20); and (4)
group 4, cholestatic + OD: Surgery with BDL, daily intake:
OD ethanolic extract at a dose of 500 mg/kg for seven days.

Blood was taken from rats seven days after surgery, and
plasma was isolated and stored for further analysis. Af-
ter sacrificing, the livers were isolated and dissected into
two parts: the first part was immediately submerged in
a 10% neutral formalin solution aimed at histopatholog-
ical examinations, while the second part was prepared
as a homogenate (homogenized with a homogenizer) in
phosphate-buffered saline (PBS) (pH = 7.4, 50 mM) for
the measurement of biochemical parameters and pro-
inflammatory proteins (21).

3.3. Biochemical Analyses

In the isolated plasma, the important parameters of
liver enzymes like alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP),
total protein, and total bilirubin were determined using a
kit (Pars Azmoon kit, Iran) and calorimetric method (22).

3.4. Determination of Oxidative Stress

3.4.1. The Measurement of the Total Antioxidant Capacity of
Plasma

The ferric reducing antioxidant power (FRAP) test was
performed to determine the total antioxidant potency of
the rats’ plasma. The synthesis of a blue-colored Fe2+-
tripyridyl-triazine (TPTZ) complex from the colorless oxi-
dized Fe3+ formed by the electron-donating characteristics
of antioxidants is detected using this approach. The re-
sulting color intensity can be analyzed spectrophotomet-
rically at wavelength 593 nm (23).

3.4.2. The Measurement of Nitric Oxide Metabolite

The Griess technique was used to determine the
plasma levels of NO metabolite (nitric oxide content) (24).

3.4.3. The Measurement of Sulfhydryl Protein Content

In order to analyze the sulfhydryl protein content, 790
µL of absolute methanol solution and 150 µL of Tris base-
EDTA (ethylenediaminetetraacetic acid) buffer were ini-
tially mixed in the test tube, then 50 µL of homogenized
tissue was added. After thoroughly mixing, 50 µL of the
dithiobis nitrobenzoic acid (DNTB) reagent was added and
vortexed. In that other tube, the same amount of sam-
ple was added, along with 50 µL of the homogenized tis-
sue, but no DNTB reagent was added (blank sample). The
reagents were poured into the third tube without spilling
any protein (reagent blank). The blank sample and the
blank reagent remove excess protein-related adsorption
and DNTB reagent-related light absorption; consequently,
the light absorption resulting from the reaction of the
thiol groups will only be retained. The test tubes were in-
cubated for 15 min at room temperature, and then it was
read at 412 nm (25).
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3.4.4. The Measurement of Carbonyl Protein Amount

The carbonyl group concentration, which quantifies
the oxidative alteration of proteins, was measured spec-
trophotometrically using 2,4-dinitrophenylhydrazine, a
standard carbonyl reagent (24).

3.4.5. The Measurement of the Malondialdehyde Amount

Measurement of the malondialdehyde (MDA) concen-
tration in homogenized liver tissue was performed follow-
ing the reaction with thiobarbituric acid (TBA), and anal-
ysis of the amount of light absorption of the red product
was read at 412 nm (24).

3.5. Determination of Enzymatic Antioxidant

3.5.1. The Measurement of Catalase Activity

Hugo Aebi’s method investigated CAT enzyme activity
in red blood cells. The breakdown rate of the H2O2 sub-
strate was determined using a spectrophotometer at 240
nm in this approach (26).

3.5.2. The Measurement of Superoxide Dismutase Activity

A colorimetrically enzymatic test kit (Karmania Pars
Gene, Kerman, Iran) was used to detect SOD activity. The
anion superoxide was utilized in this technique to convert
H2O2; finally, the produced product changes the existing
chromogen into a color that an ELISA reader can read at 420
nm (27).

3.5.3. The Measurement of Glutathione Peroxidase

This activity was analyzed using an approach that
relied on the reduction of glutathione disulfide (GSSG)
by nicotinamide adenine dinucleotide phosphate oxidase
(NADPH), followed by the absorbance declining at 340 nm
spectrophotometrically (28).

3.6. Preparation of Tissue for Microscopic Examinations (Patho-
logical Investigation)

The liver tissue specimens were initially fixed in 8% for-
malin buffer for histopathological investigation. The spec-
imens were then dehydrated with alcohol and molded in
paraffin; 5 µm tissue blocks were made and stained with
hematoxylin and eosin staining.

In accordance with the previous studies, the
histopathological grade and the score of BDL-induced
liver injury are shown in Table 1 (29).

According to previous studies, the grade and
histopathological score of liver damage caused by BDL are
shown in Table 1.

Bile duct proliferation: none, 0; mild, 1 (↓ < 20%); mod-
erate, 2 (20 - 50%); marked/severe, 3 (↑ < 50%).

Portal inflammation: none, 0; mild, 1; moderate, 2;
marked/moderate,3; marked/severe,4.

Focal inflammation: none, 0; ↓ < 1 focal, 1; 2 - 4 focal, 2;
5 - 10 focal, 3; ↑ < 10 focal, 4.

Piecemeal necrosis: none, 0; mild, 1; mild/moderate, 2;
moderate, 3; severe, 4.

Portal tract fibrosis: none, 0; fibrous expansion of
some portal areas, 1; fibrous expansion of most portal ar-
eas, 2; marked bridging, 3; cirrhosis, 4.

3.7. Antifungal and Antibacterial Activities

In order to evaluate the antifungal properties, the
broth microdilution method was utilized based on the
CLSI-M27 A2 guideline. The fresh colony of each isolate
was used for standard suspension. Serial dilution of the
OD extract was prepared in RPMI 1640 from 16000 µg/mL
to 62.5 µg/mL. Subsequently, 100 µL of the diluted stan-
dard suspension in RPMI (1: 1000) was added to 96-well mi-
croplates, and serial dilution of the extract was added to
each well. Finally, after 24 h of incubation, the minimum
inhibitory concentration (MIC), MIC50, and MIC90 were
calculated for each isolate.

The antibacterial activity of the extract was also deter-
mined based on the CLSI-M100 guideline (reference). In
brief, 10 Staphylococcus aureus strains were selected, includ-
ing nine clinical (five wound infections, four bacteremia
isolates) and one standard isolate (ATCC-25923). To pre-
pare the serial drug dilution, 4 mg of the ethanolic extract
was dissolved in distilled water. Then, 100 µL of each se-
rial dilution was added to 10µL of the standard suspension
with 990µL of Mueller Hinton broth medium (Sigma, Ger-
many) and incubated for 24 h at 37°C. The minimum bac-
tericidal concentration (MBC) and MIC values were finally
determined for each isolate.

3.8. Statistical Analysis

All data are presented as mean ± SE. SPSS software was
used to analyze the data, including a one-way variance
analysis (ANOVA) and Tukey’s multiple comparison test.
Statistical significance was defined as a P-value < 0.05.

4. Results

4.1. The Effect of Oliveria decumbens Extract on Biochemical Pa-
rameters in Bile Duct Ligation-Induced Cholestasis

According to our data, the BDL group had significantly
higher amounts of ALT, ALP, AST, total protein, and biliru-
bin than the SC group (P < 0.05). Oliveria decumbens extract
at a dosage of 500 mg/kg in the cholestatic group lowered
ALT, protein, and total bilirubin levels are slightly more
than in the BDL group, but it significantly reduced AST and
ALP levels (Figure 1) (P < 0.05).
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Table 1. Histopathological Grade/Score of Bile Duct Ligation-Induced Liver Injury

Histopathologic Type Histopathological Grade/Score

Bile duct proliferation None: 0 mild:1: ↓ < 20% Moderate:2 : 20 - 50% Marked/severe: 3 (↑ < 50%):

Portal inflammation None: 0 Mild:1 Moderate: 2 Marked/severe: 3

Focal inflammation None: 0 ↓ < 1 focal: 1 2 - 4 focal: 2 5 - 10 focal: 3 ↑ < 10 focal: 4

Piecemeal necrosis None: 0 Mild:1 Mild/moderate: 2 Moderate: 3 Severe: 4

Portal tract fibrosis None: 0 Fibrous expansion of some portal
areas:1

Fibrous expansion of most portal
areas: 2

Marked bridging: 3Cirrhosis: 4
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Figure 1. Effect of the Oliveria decumbens extract on biochemical markers in bile duct ligation-induced cholestatic rats. A, Aspartate aminotransferase; B, alanine aminotrans-
ferase; C, alkaline phosphatase; D, total bilirubin; E, total protein. Each value represents the mean ± SEM.∗ Significantly different from the SC group (P < 0.05). # Significantly
different from BDL (P < 0.05). Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BDL, bile duct ligation; OD, Oliveria
decumbens; SC, sham-control.

4.2. The Effect of Oliveria decumbens Extract on Plasma Oxida-
tive Stress Markers in BDL-Induced Cholestasis

As seen in Figure 2, the plasma concentration of FRAP,
MDA, protein oxidation (PCO), and nitrogen species (NO)
in the BDL group were remarkably greater than in the SC
group (P < 0.05). Although our findings indicated no
meaningful effect of the OD on MDA compared to only the
BDL group, the antioxidant activity (evaluated via FRAP as-
say) was significantly elevated in the BDL-OD group; in ad-
dition, the PCO and NO were notably decreased (P < 0.05).

4.3. The Effect of Oliveria decumbens Extract on Liver Oxidative
Stress Markers in Bile Duct Ligation-Induced Cholestasis

The total thiol (TT) amount in the BDL group did not
differ from that in the SC group. In comparison to the SC
group, the antioxidant power, MDA, and NO amounts in
the BDL group were significantly greater (P < 0.05). Fur-
thermore, our findings demonstrated that the OD extract
had no significant influence on TT and MDA levels, but
FRAP and NO were considerably reduced compared to the
BDL group (Figure 3) (P < 0.05).
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Figure 2. Effect of the Oliveria decumbens extract on A, antioxidant activity (FRAP assay); B, malondialdehyde plasma levels; C, protein oxidation (PCO); and D, nitric oxide
metabolites. Each value represents the mean ± SEM. ∗ Significantly different from SC (P < 0.05); # Significantly different from BDL (P < 0.05). Abbreviations: BDL, bile duct
ligation; FRAP, ferric reducing antioxidant power; MDA, malondialdehyde; NO, nitric oxide; OD, Oliveria decumbens; PCO, carbonyl protein; SC, sham-control.

4.4. The Effect of Oliveria decumbens Extract on Enzymatic An-
tioxidants in Bile Duct Ligation-Induced Cholestasis

As shown in Figure 4, the GPx and SOD activities were
not altered in the BDL group in comparison with the SC
group; however, the CAT content was significantly de-
creased. Administration of the OD meaningfully increased
the SOD activity in the BDL-OD group compared to the BDL
group. However, it had no remarkable effect on the CAT and
GPx activities.

4.5. The Effect of Oliveria decumbens Extract on Histological Pa-
rameters in BDL-Induced Cholestasis

Figure 5 displays microscopic pictures of the liver spec-
imen stained with hematoxylin–eosin. The sham-operated
rats had normal liver structure without fibrosis (score: 0),
whereas the bile duct ligation rats showed bile duct prolif-
eration within two weeks (score:3); meanwhile, spreading

out of fibrosis to the portal areas was observed (score: 3).
The microscopic images of liver specimens from the BDL
group indicated localized aggregation of inflammatory
cells in hepatic parenchyma as well as apoptotic cells, fo-
cal inflammation, and severe portal inflammation (score:
2). Following these results, we observed that rats treated
with the OD extract exhibited a significant decline in bile
duct proliferation (score: 1) (Table 2).

4.6. Antifungal and Antibacterial Susceptibility Effects

The MIC values for C. albicans isolates ranged from 125
- 8000 µg/mL. This parameter was lower in blood culture
isolate (250 - 500 µg/mL) than in vaginitis isolate (500 -
8000 µg/mL). For the S. aureus isolates, the MIC value was
calculated at 18,750 µg/mL, while the clinical isolates were
approximately equal to the standard isolate (ATCC-25923).

6 Hepat Mon. 2023; 23(1):e131160.



Salehi V et al.

Groups

SC
BDL

SC + O
D

BDL + O
D

Groups

SC
BDL

SC + O
D

BDL + O
D

Groups

SC
BDL

SC + O
D

BDL + O
D

Groups

SC
BDL

SC + O
D

BDL + O
D

FR
A

P 
(μ

m
o

l/
g

 t
is

su
e)

M
D

A
 (μ

m
o

l/
g

 t
is

su
e)

TT
 (μ

m
o

l/
g

 t
is

su
e)

150

120

90

60

30

0

0.5

0.4

0.3

0.2

0.1

0.0

50

40

30

20

10

0

N
O

 m
et

ab
o

li
te

s 
(μ

m
o

l/
g

 t
is

su
e)

0.60

0.48

0.36

0.24

0.12

0.00

A B

C D

Figure 3. Effect of the Oliveria decumbens extract on the tissue oxidative stress markers. A, Ferric reducing activity of plasma; B, total thiol; C, malondialdehyde; and D, nitric
oxide. Each value represents the mean ± SEM.∗ Significantly different from SC (P < 0.05). # Significantly different from BDL (P < 0.05). Abbreviations: BDL, bile duct ligation;
FRAP, ferric reducing activity of plasma; MDA, malondialdehyde; NO, nitric oxide; OD, Oliveria decumbens. SC, sham-control; TT, total thiol.

100

75

50

25

0

Groups

SC BDL

SC + O
D

BDL + O
D

Groups

SC BDL

SC + O
D

BDL + O
D

Groups

SC BDL

SC + O
D

BDL + O
D

C
A

T 
ac

ti
vi

ty
 (U

/m
L)

SO
D

 a
ct

iv
it

y 
(U

/m
L)

G
Px

 a
ct

iv
it

y 
(U

/m
L)

750

600

450

300

150

0

120

90

60

30

0

A B C

Figure 4. Effect of the Oliveria decumbes extract on the A, catalase; B, superoxide dismutase; and C, glutathione peroxidase activities in the liver tissue. Each value represents
the mean ± SEM. # Significantly different from the BDL group. Abbreviations: BDL, bile duct ligation; CAT, catalase; GPx, glutathione peroxidase; OD, Oliveria decumbes; SC,
sham-control; SOD, superoxide dismutase.

Hepat Mon. 2023; 23(1):e131160. 7



Salehi V et al.

Figure 5. Liver photomicrographs represent histopathological alterations in cholestatic rats (stained with hematoxylin and eosin). Abbreviations: BDL, bile duct ligation; OD,
Oliveria decumbens; SC, sham-control.

Table 2. Effect of the Oliveria decumbens Extract on the Histopathological Indices in Bile Duct Ligation-Induced Cholestasis Rats

Group/Score Bile Duct Proliferation Portal Inflammation Piecemeal Necrosis Focal Inflammation Portal Tract Fibrosis

SC 0 0 0 0 0

BDL 3 2 2 2 2

SC + OD 0 0 0 0 0

BDL + OD 1 2 2 2 1

Abbreviations: SC, sham-control; BDL, bile duct ligation; OD, Oliveria decumbens.

5. Discussion

Hepatic cholestasis is a common reason for liver cir-
rhosis and fibrosis, and BDL is an established experimental
model that can mimic the mechanism of hepatic cholesta-
sis. The double duct closure in mice has been used as an
experimental model for a long time. This method was
introduced over three decades ago, in which blockage of
the ducts causes cirrhosis and changes in mice’s liver that
are identical to those seen in human cirrhosis (30). In
this in vivo model, the necrosis and apoptosis of hepato-
cytes, eventually fibrosis, and cirrhosis, are generated by
cytotoxic components of bile such as bile lipophilic acid,
plasma membrane injury, and oxidative stress (31). In the
current study, the antioxidant and protective properties

of the OD extract, as well as the role of this plant in the
amount of pro-inflammatory proteins in the mice’s BDL,
were investigated.

The present study showed that plasma levels of the
most sensitive biomarkers of liver injury, including; AST,
ALT, ALP, total bilirubin, and total protein were signifi-
cantly higher in the BDL group than in the SC group, which
is in agreement with the results of other studies (32-34).

The AST and ALT are mostly found in hepatocytes and
released into the blood when the liver cell membranes are
injured due to duct occlusion. These alterations in liver
enzymes result in the loss of liver tissue integrity and the
death of hepatocytes (35, 36). In our study, OD treatment
notably reduced AST and slightly reduced ALT levels in BDL-
induced cholestatic. The perusalses show that the OD ex-
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tract prevents the release of AST and ALT in the blood and
lowers liver injury by preventing free radicals generation
due to its antioxidant properties.

The main factor contributing to the pathophysiology
of BDL-induced hepatic cholestasis is the development of
oxidative stress (3). Bile duct ligation increases ROS forma-
tion and disturbs oxidants’ and antioxidants’ equilibrium
(37). Hydrophobic bile acids have also been shown to di-
rectly injure hepatocytes by generating intracellular ROS
by activating kupffer cells, resulting in oxidative lipid mod-
ification, apoptosis, and protein oxidation (38). The accu-
mulated MDA in particular organs indicates lipid peroxi-
dation and oxidative stress. In the present research, rising
MDA levels in rats’ plasma and liver tissue were observed,
according to the results presented by Mohamed et al. (39),
although the OD treatment did not affect the MDA content.

Ferric reducing antioxidant power is an index reflect-
ing non-enzymatic antioxidants. In the present study, a
rise in FRAP capacity was seen after seven days. These re-
sults verified Sadeghi et al.’s finding, reporting a signifi-
cant increase in the plasma FRAP levels of the BDL-induced
cholestatic animals compared to the SC group (37). Fur-
thermore, we observed a remarkable rise in plasma FRAP
levels after consuming the OD hydroalcoholic extract in
cholestatic rats. Since phenolics and flavonoids are the
main antioxidant active compounds (40), the OD extract,
rich in these phytoconstituents, can preserve liver cells
from oxidative damage triggered by BDL by suppressing
and trapping free radicals.

Nitric oxide free radical is a highly reactive molecule
having less than a one-second half-life, released by en-
dothelial, Kupffer, and hepatic cells in response to various
triggers in the liver (37). Nitric oxide, through its peroxyni-
trite derivative, as a powerful oxidizing agent, is mainly re-
sponsible for oxidative damage that causes damage to pro-
teins, lipids, DNA, and biological membranes (41). Accord-
ing to the literature, the NO content is increased in both tis-
sues and plasma of BDL rats (24, 42); however, our findings
demonstrated that the NO level was significantly lower in
OD-treated rats than in the BDL group.

Nowadays, due to the side effects of chemical drugs, us-
ing herbal medicines has attracted the attention of con-
temporary researchers (43). In terms of biochemical im-
provement, previous experiments have revealed that nat-
ural antioxidants frequently offer potential free-radical
scavenging capabilities and anti-inflammatory properties,
which are important variables in cholestatic therapy (44).
In this sense, OD, due to its antioxidant capacity, can con-
siderably decrease the formation of NO and/or neutralize
it, thus protecting the liver against oxidative damage.

In the current study, protein carbonyl compounds,

markers of oxidative protein stress, were enhanced in the
plasma of cholestatic rats. Since proteins are often cata-
lysts rather than stoichiometric mediators, they are more
prone to oxidative damage in cells (45); As a result, oxi-
dized protein accumulation may damage liver function-
ing through redox status disturbance. The OD extract sig-
nificantly reversed these alterations, which might be at-
tributed to its antioxidant action, which was shown in our
study.

Enzymatic antioxidants (SOD, CAT, and GPx) have been
recognized as mutually beneficial defensive mechanisms
against ROS. Reactive oxygen species formation can cause
considerable damage to cell organelles, causing intracellu-
lar antioxidant enzymes to fail under oxidative stress (38).
Our findings demonstrated that bile duct ligation reduced
CAT and SOD activity. This reduction can result in increased
superoxide radical absorption, which aids causes lipid per-
oxidation.

The decrease in antioxidative enzymes following BDL
might be attributed to ROS-induced protein suppression
because the oxidative injury can destroy a particular pro-
tein component (SOD), which facilitates the formation of
H2O2 and O2 from superoxide anion. In addition to CAT,
which plays a vital role in decomposing H2O2 into O2 and
H2O, GPx is a critical enzyme that catalyzes the reduc-
tion of H2O2 (46, 47). Increased GPx and SOD levels in
liver tissue can decrease oxidative stress-mediated injury
in cholestatic animal models (48, 49). Our findings showed
that OD therapy in BDL-induced cholestatic rats signifi-
cantly promotes the functions of SOD and GPx in liver tis-
sue. This rebalancing is predominantly due to the high an-
tioxidant potential of the plant, associated with secondary
metabolite contents (i.e., flavonoids, phenolic acids, and
polyphenols). Because flavonoids inhibit the free radical
formation and chelate metal ions by their highly active
hydroxyl group (C3-OH), OD, through regulating antioxi-
dant defense mechanisms, inhibit the occurrence of oxida-
tive stress and maintains hepatic function in BDL-induced
cholestatic rats.

Based on preclinical and clinical findings, it has been
determined that the main apoptotic trigger in different
liver diseases is chronic inflammation, which is influenced
by the accumulation of hydrophobic bile salts in the liver,
which are toxic to hepatocytes and bile duct epithelial cells
(50). Many microscopic alterations occur when a large
bile duct is blocked along its path. Bile-duct occlusion
causes portal fibrosis in rats, starting with bile duct and
portal periductular fibroblast proliferation and spreading
between adjacent portal ducts. In this research, the expan-
sion of proliferated bile ducts into portal regions, local-
ized and portal inflammation, and fragment necrosis in
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the BDL group were all signs of bile duct proliferation and
fibrosis in portal ducts. The present histopathological find-
ings confirm the study of Moslemi et al. (51). Our research
showed that OD reduced bile duct proliferative associated
with BDL-induced extrahepatic cholestasis through antiox-
idant and anti-inflammatory actions.

In the current study, the OD extract demonstrated no
effective activity against S. aureus isolates. Mahboubi et
al. showed that spore-forming bacteria, especially Bacil-
lus species, were resistant to OD essential oil (52). More-
over, they reported a lower MIC value (0.25 µg/mL) against
C. albicans than our finding, confirming the higher anti-
Candida albicans of the OD essential oil versus its hy-
droethanolic extract. Amin et al. similarly exhibited that
OD essential oil had antifungal efficacy against C. albicans
and Aspergillus niger isolates (53). Overall, OD indicated po-
tent antifungal activity; however, antibacterial activity var-
ied based on the bacteria species and the OD product.

In this study, the protective effect of the hydroalcoholic
extract of OD on BDL-induced cholestasis was observed by
reducing aminotransferases, suppressing oxidative stress,
increasing intracellular antioxidants, and inhibiting in-
flammation in the liver. In this context, studies have been
conducted on the effects of OD extract and its compounds
on hepatotoxicity caused by different substances, confirm-
ing our study’s results. One study investigated the effect
of hepatoprotective OD extract against hepatotoxicity in-
duced by cadmium. Oliveria decumbens extract reduced
the levels of AST, ALT, and ALP, which is likely due to the
presence of potent antioxidant components in OD extract,
which shields the liver cells from oxidative stress and stops
the release of liver enzymes into the blood by generating
membrane stability in the cells (20). According to gas chro-
matographic analysis, thymol, carvacrol, p-cymene, and γ-
terpinene are the main compounds that are abundant in
OD essential oils (11). The remedial properties of OD can
chiefly be ascribed to its volatile components, such as car-
vacrol and thymol (12, 13). Thymol has a strong ameliora-
tive effect against hydrocortisone-induced oxidative stress
injury in hepatic tissues by decreased AST, ALT, and total
oxidative capacity (TOC), as well as a significant increase
in serum total protein, albumin, and total antioxidant ca-
pacity (TAC) (54). Carvacrol improved oxidative stress, in-
flammation, and liver dysfunction induced by lipopolysac-
charide (LPS) through increased AST, ALT, ALP, interleukin-
1β (IL-1β), MDA, NO, and decreased total protein, albumin,
thiol, SOD, and CAT (55). Treatment of carvacrol lowered
serum transaminases, ALP, and MDA levels and elevated
SOD and CAT levels in Azathioprine-intoxicated rats (56).
In another study, carvacrol suppresses the progression of
liver fibrosis via its antioxidant, anti-inflammatory, and

anti-apoptotic effects. Carvacrol decreased thioacetamide-
increased serum liver enzymes, AST, ALT, ALP, and gamma-
glutamyl transferase (GGT) and direct bilirubin and to-
tal bilirubin levels as well as increased total protein (TP)
and albumin levels. Carvacrol reduced glutathione de-
pletion (GSH), NO, and MDA accumulation in liver tissue.
The anti-inflammatory effect of carvacrol was confirmed
by decreasing nuclear factor kappa B (NF-κB), IL-1β, and in-
ducible nitric oxide synthase (iNOS) contents (57). Oral ad-
ministration of carvacrol had a significant protective and
antioxidant effect against D-GalN-induced damages by re-
ducing AST, ALT, ALP, and GGT and increasing SOD, CAT, and
glutathione peroxidase in the plasma and liver (58). This
evidence shows that the protective effects of OD extract are
probably due to the presence of compounds such as thy-
mol, carvacrol, and other compounds.

5.1. Conclusion

In summary, our results demonstrated the potential
protective effect of OD hydro-ethanolic extract on bile duct
ligation-induced cholestasis rats. Their hepatic protec-
tive activity was probably related to the decreased hep-
atic aminotransferases, suppression of oxidative stress, in-
creased intracellular antioxidants, and inhibition of hep-
atic inflammation. Consequently, we propose that the
present findings are predominantly owing to the signif-
icant content of phenolic compounds, which are well-
known antioxidants playing pivotal roles in curing and
preventing several diseases. Moreover, the OD application
may represent a promising and valuable strategy for treat-
ing cholestasis. Further phytochemical investigations can
promisingly perform to discover the liver protective phyto-
based drug candidate to be rendered for complementary
drug development procedure.
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