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INTRODUCTION

Chronic liver disease is the most important disease 
globally (1). Fibrosis is a wound healing state that de-
velop as a result of a response to liver injury due to dif-
ferent etiological causes, and are also a dynamic pro-
cess involving unbalanced synthesis and destruction of 
extracellular matrix (2-5). Chronic liver disease is caused 

by liver fibrosis, hepatocyte damage, aggregation of 
platelet and inflammatory cells, stimulation of Kupffer 
cells, and finally discharge of cytokines and growth fac-
tors, respectively (6,7).

Obstruction in the bile duct preventing the flow of bile 
acids causes the accumulation of toxic bile components, 
which leads to the formation of reactive oxygen/nitro-
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ABSTRACT

Objective: The aim is to examine the possible protective effect of Cuscuta sp. extract against liver damage induced by biliary 
obstruction in rats. 

Materials and Methods: To induce biliary obstruction, the bile duct ligation (BDL) method was used. Sprague Dawley rats 
were allocated to 4 groups: Control (C), Cuscuta (CUS), bile duct ligation (BDL), and bile duct ligation + Cuscuta (BDL+CUS). 
Control and BDL rats were given physiological saline (SF), while CUS and BDL+CUS groups were administered 250 mg/
kg of Cuscuta extract by oral gavage. At the end of 28th day, the rats were decapitated, serum and tissue samples were 
collected, and aspartate aminotransferase (AST), alanine transaminase (ALT), and direct and total bilirubin (DB and TB) levels 
were determined in blood samples. In liver tissues, transforming growth factor-β (TGF-β), 8-hydroxyguanosine (8-OHdG), 
hydroxyproline, and sodium–potassium ATPase (Na+/K+-ATPase) levels were determined.

Results: Serum samples of rats with cholestasis had high ALT, AST, DB, and TB levels, while TGF-β, 8-OHdG, and hydroxyproline 
concentrations were found to be significantly high in tissues. Hepatic Na+/K+-ATPase levels were decreased through biliary 
obstruction. Biochemical parameters were drastically reversed by Cuscuta care; also, this was supported histologically. 

Conclusion: Results showed that Cuscuta extract, through its antioxidant and anti-inflammatory properties, provided 
protection against oxidative injury by biliary obstruction. Also, these results confirm the traditional use of Cuscuta sp. as 
hepatoprotective.
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gen derivatives in the liver (8). In vitro studies have shown that 
these harmful derivatives are formed when hepatocytes are 
treated with bile acids (9). Mitochondria is the main organelle 
from which reactive products are produced. Free radicals orig-
inating from hepatic mitochondria cause damage to liver cells 
and constitute the underlying causes of fibrosis (10). Consider-
ing that these factors have a momentous impact on pathogen-
esis, suppression of radical formation can prevent inflammation 
and fibrosis. Although various models have been used to devel-
op liver fibrosis, bile duct ligation has the most clinical relevance.

The adverse effects of drugs lead researchers to look for new 
drugs. Recently, drugs obtained from natural sources have been 
studied and new alternatives with anti-fibrotic properties con-
tinue to be sought. It has been reported that some herbs are 
used in traditional medicine for liver-biliary disorders. Along 
these lines, one of these herbs is the Cuscuta species, used by 
the public in the treatment of jaundice in Turkey (11). The spe-
cies of Cuscuta, known by the name Bostanbozan, are perenni-
al, chlorophyll-free, and parasitic plants (12,13). Cuscuta species 
are used in the treatment of jaundice in Denizli, Diyarbakır, and 
Manisa, as well as in the province of Mardin. It has also been 
reported that these species have traditional uses as diuretics, 
carminative, laxatives, and cholagogues (14-16). They contain 
several secondary metabolites, such as flavonoids (quercetin, 
hiperoside etc.), alkaloids (cuscutamine, lupanine etc.), steroids 
and sterols (campesterol, sesamin etc.), triterpenes (Lupeol, ur-
solic acid etc.), carotenoids (Lutein, lycopene), fatty acids (oleic 
acid, linolenic acid etc.), and other compounds (cuscutalin, am-
arvelin etc.) (17).

In this experiment, the aim is to examine the possible therapeu-
tic effect of Cuscuta sp. extract against liver damage induced by 
bile duct ligation (BDL).

MATERIALS AND METHODS

Animals and Ethics 
In this experiment, all procedures related to experimental an-
imals were performed according to NIH guidelines (NIH Pub-
lications No. 8023, revised 1978). Male Sprague Dawley rats 
(weighing 200-300 g) were kept at a constant temperature of 
22±2°C, 50%±5 humidity, and a light/dark cycle (12/12h). An-
imals were allowed ad libitum feeding. This experiment was 
guided with the approval of Animal Experiments Ethics Com-
mittee (03/03/2021, Decision No: 40.2021mar). 

Groups and Experimental Protocol
Rats were arbitrarily separated into 4 groups. The Control (C) 
and Cuscuta (CUS) groups were sham operated; Bile duct liga-
tion (BDL) and BDL+CUS groups were subjected to the BDL pro-
cedure. C, CUS, and BDL+CUS groups consisted of 12 animals, 
while the BDL group had 14 animals. Animals in the C and BDL 
groups were given 1 ml of saline orally, while methanol extract 
dissolved in distilled saline was given by oral gavage at a dose 
of 250 mg/kg for 28 days in the CUS and BDL+CUS groups. The 
Cuscuta dose was based on previous studies (15). Animals were 
weighed twice, at the beginning and end of the study (before 

decapitation). On the 28th day, the rats were decapitated, and 
blood and liver tissue samples were collected. Aspartate ami-
notransferase (AST), alanine transaminase (ALT), and direct 
and total bilirubin (DB and TB) levels were analyzed in blood 
samples, while transforming growth factor-β (TGF-β), 8-hydrox-
yguanosine (8-OHdG), and hydroxyproline and sodium-potassi-
um ATPase (Na+/K+-ATPase) were determined in liver tissues. In 
addition, histological examinations of liver tissue sections were 
performed under a light microscope. 

Bile Duct Ligation for Induction of Cholestasis
Under anesthesia (100 mg/kg ketamine and 0.75 mg/kg chlor-
promazine; i.p.), midline laparotomy was performed. By expos-
ing the common bile duct, a double ligation was applied. One 
of the ligatures was underneath the hepatic duct junctions and 
the other one was over the access to the pancreatic ducts. Bile 
ducts were cut between ligations (18).

Formulation of Plant Extract
The aerial parts of Cuscuta sp. were purchased from an herbal-
ist in the Midyat district of Mardin in May 2018. The plant was 
identified by Asst. Prof. Dr. Ahmet Doğan; a sample of the plant 
was made into a suitable herbarium sample and recorded by as-
signing it an herbarium number in the Herbarium of the Faculty 
of Pharmacy of Marmara University (MARE No: 22668).

After the dried aerial parts of the plant were dusted, approx-
imately 757.06 g was weighed and macerated with 1600 mL 
of methanol for 10 days. The solvent of methanol extract ob-
tained after filtration was vaporized using a rotary evaporator 
(Rotavapor® R-300). The methanol extract obtained with a yield 
of 10.83% was kept at +4ºC until analysis.

Biochemical Analysis 

Determination of the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
Radical Scavenging Activity of Plant Extract
The antioxidant level of Cuscuta sp. extract was designated in 
compliance with the method of Zou et al (19). The percent free 
radical scavenging of the extract was computed according to 
the formula below.

DPPH radical scavenging percent (%): (A control - A sample / A 
control) x 100

The Control contained DPPH• solution and dimethyl sulfoxide 
(DMSO). The sample contained DPPH• solution and sample solu-
tions. The inhibition concentrations (IC50) of extract that scavenge 
50% of DPPH radical were calculated by plotting an inhibition 
graph based on concentrations of extract using the GraphPad 
Prism 6 program. Ascorbic acid was used as a reference standard. 
Measurements were repeated three times.

ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic 
acid)) Radical Cation Scavenging Activity Determination of 
Plant Extract
To produce ABTS•+ used in the determination of total antioxi-
dant capacity of the extract, 7 mM ABTS was mixed with 2.45 
mM K2S2O8 and left in the dark for 16 hours at room tempera-
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ture (23°C) to complete reaction. The ABTS•+ solution was dilut-
ed with an ethanol (96%) solvent of analytical purity to give an 
optical density value of 0.700±0.050 at 734 nm. From the stock 
solution prepared in DMSO at a concentration of 5 mg/mL from 
extract, solutions at different concentrations were prepared 
by making 1:8 dilutions. 10 µl of each prepared solution was 
moved to the assay plates. 190 µl ABTS•+ solution was added. 
Immediately, the solution was placed at room temperature and 
kept there for thirty minutes; optical density was measured at 
734 nm. Trolox was used as a standard and outcomes were ex-
pressed as IC50 value. The test was repeated three times (19).

Anti-inflammatory Activity of Plant Extract
For the detection of anti-inflammatory activity, Phosrithong et 
al.’s method was used with revisions (20, 21). 20 µL of ethanol, 
20 µL of BBS (Borate buffered saline), and 25 µL of type 5 soy 
lipoxygenase solution (20.000 U/mL) were added to 10 µL of 
extract/standard at different concentrations. After the mixture 
was incubated for five minutes at 25°C, 100 µL of 0.6 mM linole-
ic acid solution was added, the mixture was thoroughly mixed, 
and the absorbance change at 234 nm was noted for six min-
utes. Indomethacin was used as a reference standard. Percent 
(%) inhibition was computed with the formula below.

% Inhibition: [(A control − A sample) / A control] × 100

A dose-response curve was charted to conclude IC50 values. IC50 
is outlined as enough concentration to obtain 50% of the max-
imum anti-inflammatory activity. All analyses were executed in 
triplicate.

Determination of Total Phenol Compound of Plant Extract
The total phenol content (TFB) of the extract was determined 
using the Folin-Ciocalteau solution, according to Gao’s method 
(21.22). Solutions of various concentrations were prepared by 
dilutions made from stock solution prepared in DMSO at a con-
centration of 5 mg/mL from extract. 10 µL of these solutions 
were taken into microplates, and then 20 µL of Folin-Ciocalteau 
solution, 200 µL of ultrapure water, and 100 µL of 15% Na2SO4 
were added, respectively. Solutions were read against a blank 
formed by replacing only extract with the same amount of 
DMSO, with the other components remaining constant at 765 
nm optical density. For standard curve plot, optical density cor-
responding to each concentration was measured using gallic 
acid (500-0.977 µg/mL). The amount of TFB of extract was cal-
culated from this graph and scores were determined as mg GAE 
(Gallic Acid Equivalent)/g plant extract. The measurements of 
extract were repeated three times and the measurements of 
standard curve were repeated five times.

Examination of the Serum Samples
Liver enzymes (ALT and AST), TB, and DB were surveyed to as-
sess BDL-induced liver injury using commercial kits (BT Labora-
tory, Shanghai) (23). 

Examinations of Tissue Samples
Na+/K+-ATPase activity in tissue were determined using a com-
mercial kit (AFG, EK720668) in accordance with the manufac-

turer’s procedure. After tissue samples were homogenized in a 
phosphate-buffered saline (PBS) with pH 7.4, they were centrif-
ugated at 3000 rpm at +4°C and used aiming at upper phase. 
The measuring range of the kit is 50-1000 pg/mL, and the sen-
sitivity is 20 pg/mL. Standard solution in the range of 900 pg/
mL-75 pg/mL was set by diluting stock standard in the kit (1350 
pg/mL). 

TGF-β levels in the tissue were determined using a commercial 
kit (AFG, EK720060) in accordance with the manufacturer’s pro-
cedure. After tissue samples were homogenized in PBS (pH 7.4), 
they were centrifugated at 3000 rpm at +4°C and used aiming 
at upper phase. The measuring range of the kit is 10 ng/mL-200 
ng/mL, and the sensitivity is 3 ng/mL. The standard solution in 
the range of 150 ng/mL-12.5 ng/mL was set by diluting stock 
standard (225 ng/mL) in the kit.

Hydroxyproline levels in the tissue were determined in accor-
dance with manufacturer’s procedure using a commercial kit 
(AFG, EK720734). After tissue samples were homogenized in 
PBS (pH 7.4), they were centrifugated at 3000 rpm at +4°C and 
used aiming at upper phase. The measuring range of the kit is 
1 ug/mL-20 ug/mL and the sensitivity is 0.5 ug/mL. Standard 
solution in the range of 15 ug/mL-1.25 ug/mL was set by dilut-
ing the stock standard (22.5 ug/mL) in the kit.

8-OHdG concentration in the tissue was determined using a 
commercial kit (AFG, EK720424) in accordance with the man-
ufacturer’s procedure. After the tissue samples were homoge-
nized in PBS (pH 7.4), they were centrifugated at 3000 rpm at 
+4°C and used aiming at upper phase. The measuring range of 
the kit is 0.625 ng/mL-20 ng/mL, and the sensitivity is 0.078 ng/
mL. The standard solution in the range of 15 ng/mL-1.25 ng/mL 
was set by diluting stock standard (22.5 ng/mL) in the kit.

Light Microscopic Preparation
For light microscopic examinations, samples from the liver were 
fixed with 10% formaldehyde, diluted alcohol was then cleared 
using toluene, and they were embedded in paraffin and cut in 5 
µm in thickness. Liver tissue slices were stained with hematox-
ylin for histopathological evaluation, then inspected and shot 
with the digital camera (Olympus, Tokyo, Japan) of a photomi-
croscope (Olympus BX51, Tokyo, Japan).

Statistical Analysis
GraphPad Prism 5.0 (GraphPad Software, San Diego; CA; USA) 
was utilized to perform statistical evaluations. All numeric re-
cords were expressed as means±SEM. ANOVA was used to com-
pare groups of data followed by Tukey’s multiple comparison 
tests. Values of p<0.05 were considered significant.

RESULTS 

Anti-Inflammatory, Antioxidant Activities and Total Com-
pound Contents of Dodder (Cuscuta sp.) Methanol Extract
Low IC50 value obtained in the measurements (the concentra-
tion that removes 50% of the radical or halts the enzyme’s ac-
tivity by 50%) implies high activity. When Table 1 is examined, 
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CUS extract showed remarkable antioxidant activity against the 
DPPH radical, with an IC50 value of 125.5 µg/ml. The obtained 
extract also exhibited significant antioxidant activity against 
the ABTS radical, with an IC50 value of 138.9 µg/ml. It was ob-
served to have noteworthy anti-inflammatory activity against 
the 5-LOX (5-Lipoxygenase) enzyme, with an IC50 value of 103.5 
μg/ml. The total amount of phenolic compounds of dodder 
plant extract was found to be 38.58 mg/g, equivalent to gallic 
acid in g extract (Table 1).

Cirrhosis Caused by Liver Damage and Related Urine Color 
Changes
As shown in Figure 1, changes occurred due to cirrhosis devel-
oping as a result of liver damage.

Evaluation of Body Weight
When body weights were compared at the beginning (t1) and 
the end of study (t2), there were significant differences be-
tween the groups’ own t1 and t2 values (***p<0.001), and it was 
seen that there was weight gain in all groups. However, there 
was no statistically significant difference between both t1 and 
t2 of groups (Table 2). It is expected that there will be weight 
gain due to acid that develops in the body, so we measured 
the weights to observe this, but there was an increase in other 
groups because there was normal physiological weight gain in 
the process.

Findings of Serum Samples
The serum AST, ALT, DB, and TB levels of the BDL group were 
found to be significantly greater (p<0.001) compared to the C 

Table 1. Antioxidant/anti-inflammatory activity and total phenolic compound content of methanol extract-obtained Cuscuta sp.

Experiments
Cuscuta sp. 

methanol extract
Ascorbic Acid Trolox Indomethacin

DPPH radical scavenging activity (IC50 μg/mL) 125.5±0.14b 17.6 ±0.37a

ABTS radical scavenging activity (IC50 μg/mL) 138.9±0.28b 13.00 ±0.21a

Anti-lipoxygenase activity (IC50 μg/mL) 103.5±4.72b 22.39±0.26a

Total phenolic compound content (mg GAE/g extract)* 38.58±0.39b

* Total phenolic content was expressed as gallic acid equivalent (GAE). 
Each value in the table is given as mean±SD (n=3). Different letter superscripts in the same line indicate a statistically significant difference (p<0.05).

Table 2. The body weights (g) of groups measured at the beginning of experiment (t1) and at the end of experiment (t2).

Body Weights C CUS BDL BDL+CUS

t1 224±7.1 220±4.6 235±4.7 239±5.1

t2 279±6.3 *** 266±10.1*** 280±10.5*** 285±5.8***

C: Control, BDL: Bile duct ligation, CUS: Cuscuta sp. ***p<0.001: comparisons between t1 and t2

Figure 1. The urine colors of treated groups at the end of the experiment. C: Control, BDL: Bile duct ligation, CUS: Cuscuta sp. 
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group, while the AST, ALT, DB, and TB levels of the treated group 
were significantly lower than the BDL group (p<0.01-0.001). 
However, the serum AST, ALT, DB, and TB levels of CUS-treat-
ed BDL group were found to be significantly (p<0.001) greater 
than those of the C group (Table 3). 

Biochemical Findings of Liver
TGF-β, 8-OHdG, and hydroxyproline levels were significantly 
greater (p<0.05, p<0.01) in the liver tissues of the BDL (sa-

line-treated) group compared to the C group, while these 
levels were significantly lower in the CUS-treated BDLgroup 
compared to the BDL group (p<0.05-0.01) (Figures 2a, 2b, 
2d).

Na+/K+-ATPase activity were found to be significantly lower 
(p<0.05) in the liver tissues of the BDL group compared to the 
C group. On the other hand, Na+/K+-ATPase activity tended to 
increase, but this was not significant (Figure 2c).

Table 3. Serum AST, ALT, DB, TB values.

Serum C CUS BDL BDL+CUS

AST (U/L) 137.8±5.5 133.0±7.6 435.5±28.8*** 304.3±4.318***, +++

ALT (U/L) 55.3±4.8 52.3±4.4 142.0±5.6*** 91.3±5.8***, +++

DB (mg/dl) 0.4±0.2 0.4±0.2 4.8±0.3*** 3.5±0.3***, ++

TB (mg/dl) 0.4±0.04 0.5±0.04 5.5±0.4*** 4.2±0.32***, ++

 Serum AST (Aspartate Aminotranferase), ALT (Alenine transaminase), DB (Direct Bilirubin), TB (Total Bilirubin) values. *p<0.05, **p<0.01, ***p<0.001 compared to 
control group, +p<0.05, ++p<0.01, +++p<0.001 compared to BDL group.

Figure 2. TGF-β, 8-OHdG, Na+/K+-ATPase, and Hydroxyproline results of liver tissue. TGF-β: Transforming growth factor, 8-OHdG: 8-hy-
droxy-2’-deoxyguanosine, Na+/K+-ATPase: Sodium-Potassium adenosine triphosphatase, C: Control group, BDL: Bile duct ligation, CUS: 
Cuscuta sp. ANOVA for statistical analysis. *p<0.05, **p<0.01; Compared to control group, +p<0.05, ++p<0.01; Compared to BDL group.
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Histological Evaluations
The light microscopic assessment of the control group (Figure 
3a) showed a steady form of liver parenchyma through intact 
hepatic cells, sinusoids, and the portal tract. A steady form of 
liver parenchyma through intact hepatic cells and portal tract, 
mild sinusoidal obstruction was detected in the C+CUS group 
(Figure 3b). Disorganized hepatic cords, severe increase of de-
generated hepatocytes, bile duct proliferation, and inflamma-
tory cell infiltration were seen in the saline-treated BDL group 
(Figure. 3c). Moderate decrease in the count of deteriorated he-
patocytes, disorder of hepatic cords, drop in bile duct prolifera-
tion (ductular reaction), and inflammatory cell infiltration were 
observed in the BDL+CUS group (Figure. 3d).

DISCUSSION

The liver is a vital organ that plays an important role in the con-
figuration and secretion of bile, as well as the excretion of toxic 
substances through bile ducts (24). Liver fibrosis is a reversible 
wound-healing response characterized by extracellular matrix 
(ECM) deposition and develops after liver injury (25). Delay in 
treatment can lead to life-threatening hyperammonemia, he-
patic encephalopathy, and cirrhosis with high morbidity and 
mortality rates (26-28). 

Different experimental studies have been conducted to slow or 
reverse the development of liver fibrosis; however, no effective 
treatment has been found for clinical use (29). There are many 
studies using anti-fibrogenic agents. However, in traditional 

Figure 3. The representative light micrographs of liver samples in experimental groups. Normal liver parenchyma with hepatocytes, 
sinusoids, and portal tracts are seen in the C group (A). Normal liver parenchyma with hepatocytes, portal tracts, and mild sinusoidal 
congestion (*) are seen in the C+ CUS group (B). Disorganization of hepatic cords, sinusoidal congestion (*), increased number of degen-
erated hepatocytes (arrowhead), bile duct proliferation within portal tract and within acini (arrow), and inflammatory cell infiltration (i) 
in parenchyma (C) are seen in the BDL group. Mild sinusoidal congestion (*), disorganization of hepatic cords, decrease in degenerated 
hepatocytes (arrow), and decreased bile duct proliferation (arrow) are seen in the BDL+CUS group (D). Hematoxylin and eosin staining, 
Scale bars: A, B and insets in C and D: 20 µm, C and D: 50 µm. BDL: Bile duct ligation, CUS: Cuscuta sp., C: Control
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medicine, natural products that are less toxic and cause side 
effects are also used instead of chemical anti-fibrotic drugs. 
These natural products are still in the experimental stage and 
are counted as therapeutic interventions (30). 

Today, medicinal plants and products are being researched in 
the treatment of various diseases (31). In a detailed literature 
review, different types of Cuscuta (dodder) were found to have 
various biological effects, such as antitumor, antimicrobial, 
hepatoprotective, anticonvulsant, immunostimulant, antioxi-
dant, α-glucosidase inhibitor, anti-inflammatory, diuretic, an-
algesic, antipyretic, neuroprotective, antiulcer, antispasmodic, 
antihypertensive, cardiotonic, and muscle relaxant (12,13,32). 
Similarly, in Turkey, it has been reported that some plants in tra-
ditional medicine are used in liver-biliary disorders. These spe-
cies are used by the public in the treatment of jaundice (12,32). 
One of these species is the Cuscuta species (i-iv). Accordingly, in 
this study, liver damage was developed by creating cholesta-
sis with BDL, and the treatment effect was investigated with an 
extract prepared from a traditional plant, the Cuscuta species. 

Blood ALT and AST concentrations are well known as sensitive 
indicators of potential tissue damage, mainly liver toxicity (33). 
ALT and AST are known as aminotransferases involved in gluco-
neogenesis (34,35). AST is found in both cytosol and mitochon-
dria of hepatocytes, while ALT is found only in cytosol (36-39). 
These enzymes leak into blood as a result of damage to hepato-
cytes (40). Metabolic factors such as drug use, toxins, viruses, 
ischemia, and autoimmune liver damage may affect liver pa-
renchyma and increase AST and ALT values (23). Bilirubin, which 
is an important indicator of liver disease due to cholestasis, is 
the final breakdown product of hemoglobin and is directly or 
indirectly present in serum (41). According to scientific studies, 
direct bilirubin concentration increases due to BDL and in addi-
tion to the ALT, AST and bilirubin concentration in the BDL group 
were found to be remarkably greater than in the control group 
(42-44). In this study, the ALT, AST, and bilirubin concentration 
in the BDL group were found out to be greater than in the con-
trol group. According to another study on the curative effects of 
dodder plant extract on hepatotoxicity in rats, it was detected 
that ALT, AST, and bilirubin concentration were lower in groups 
treated with dodder plant extract compared to the model group 
(32). In agreement with these previous studies, in our study, the 
ALT, AST, and bilirubin levels of the BDL group were greater than 
those of the control group. Furthermore, in the BDL+CUS group, 
treatment with dodder plant extract, although not as high as 
control levels, significantly decreased these levels.

Sodium/potassium adenosine triphosphatase enzyme takes 
part in the structure and physiology of liver cells by providing 
sodium and potassium balance in all cell membranes (45). Ac-
cording to studies, it has been observed that BDL reduces the 
levels of Na+/K+-ATPase in liver tissue (46,47). In our study, the 
Na+/K+-ATPase activity of liver tissues of the BDL group were 
found to be lower than those of the control group. Shin et al 
demonstrated that decrease in renal Na+/K+-ATPase enzyme 
synthesis in a rat model of ischemia/reperfusion, while it was 

reversed by using dodder plant extract (48). In our study, the 
obtained hepatic Na+/K+-ATPase activities consistent with the 
literature were found to be significantly lower in cholestatic rats 
compared to the control group, while Na+/K+-ATPase activities 
were observed to be increased in the group treated with dod-
der plant extract.

Although free radicals are formed continuously in organisms 
during metabolic activities, they are scavenged by the endog-
enous antioxidant system. However, they have very harmful ef-
fects when they occur at a level that exceeds antioxidant system 
capacity. They are known to damage macromolecules, espe-
cially lipids, proteins, and nucleic acids, and are responsible for 
the pathogenesis of many diseases (49). The most widely used 
oxidative DNA damage indicator is 8-OHdG (50,51). Studies in 
cholestatic rats, and increased levels of 8-OHdG in liver tissue 
demonstrate oxidative damage in tissue due to BDL (52-54). In 
parallel with this information, in our study, the 8-OHdG levels of 
the liver tissues of the BDL group were found to be greater than 
those of the control group. According to a study, Ganoderma 
lucidum, an antioxidant and medicinal plant, ameliorates high 
8-OHdG enzyme levels in liver tissues due to BDL (55). Likewise, 
in our study, a significant increase was seen in the concentra-
tion of 8-OHdG in the BDL group, and a significant reduction 
was observed in the level of the relevant damage marker in the 
rats treated with an antioxidant-effective dodder plant extract. 

TGF-β is a regulator that has an essential role in the physio-
logical and pathological changes of the liver, as well as in liver 
damage, inflammation, and fibrosis (56). Various studies have 
reported that TGF-β concentration is greater in the BDL group 
than in the control group and contributes to development of 
fibrosis as a proinflammatory cytokine (57-59). In parallel with 
this information, TGF-β concentration of liver tissues in the BDL 
group was found to be greater than in the control group in our 
study. According to a study examining its possible therapeutic 
effects on liver damage, the application of dodder plant extract 
was reported to be a hepatoprotective agent and alleviated 
an increase in TGF-β levels (21). In our study, it was found that 
TGF-β level was significantly greater in the BDL group com-
pared to the control group. In addition, a diminution in TGF-β 
concentration was seen in the group treated with dodder plant 
extract.

Active hepatic stellate cells transforming into myofibroblasts 
increase hydroxyproline levels, which then cause collagen pro-
tein production and fibrosis (60,61). Consequently, hydroxy-
proline is used as a marker to assess the level of liver damage. 
According to studies on liver fibrosis in the BDL rat model, the 
hydroxyproline level of the BDL group was found to be signifi-
cantly greater than in the control group (62-64). Similarly, in 
our study, the hydroxyproline concentration of liver tissues of 
the rats with BDL was found to be significantly greater, while 
a significant drop was observed in the hydroxyproline concen-
tration of CUS treatment. It is thought that, as shown in our in 
vitro analyses, the anti-inflammatory properties of the CUS ex-
tract contribute to this effect, and thus it protects the tissue by 
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suppressing both TGF-β and collagen formation. Our histolog-
ical findings also supported biochemical results, as significant 
damage was seen in the liver tissue of the BDL group and this 
damage was healed in liver tissue of the BDL group treated with 
dodder plant extract (32).

In vitro studies in the current study also supported in vivo stud-
ies. It has been found that the Cuscuta species have good an-
tioxidant and anti-inflammatory activity as well as total phe-
nolic content. A review study also confirmed that the plant 
has a DPPH radical scavenging effect and a good total phenol 
content (13). It has been reported that Cuscuta species are rich 
in phenolic compounds, especially flavonoids (17). Phenolic 
compounds have a hepatoprotective effect (65). Therefore, this 
group of compounds may be responsible for the hepatoprotec-
tive effect of the Cuscuta sp.

As a result, through the findings of the study, it has been seen 
that dodder plant extract has a possible protective effect 
against liver fibrosis caused by the BDL technique. This protec-
tive effect of dodder plant extract can be explained by its an-
tioxidant, anti-inflammatory, and hepatoprotective effects. For 
this reason, it is thought that dodder plant extract may have a 
promising role in the treatment of liver fibrosis, with the sup-
port of clinical studies in future.

CONCLUSION

Our biochemical and histological results, obtained with the 
investigated parameters, suggest that Cuscuta sp. methanol 
extract may be beneficial for liver diseases and needs more de-
tailed studies in the future. Accordingly, we concluded that it 
may have a role in the treatment of liver fibrosis if supported by 
future clinical studies. Also, these results confirm the traditional 
use of Cuscuta sp. in the treatment of liver disease.
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