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Abstract
Background: Liver �brosis is an important health problem in the world; the excessive deposition of type 1
collagen is the most characteristic feature of liver �brosis. Algae is one of the natural resources that
contains biologically active compounds that have anti-in�ammatory, antioxidant and immune-
stimulating properties. In this study, the effect of brown algae Nizimuddinia zanardinii on liver damage
caused by cholestatic liver �brosis in rats was evaluated.

Material and Methods: 54 male rats were randomly classi�ed in nine groups: control, sham, BDL,
treatment and Nizimuddinia control. In the treatment group, after BDL, rats were given Nizimuddinia
zanradinii extract via intragastric gavage for 45 days (once per day). parameters contains ALT, AST, ALP,
cholesterol, triglyceride, albumin, total protein, SOD and CAT and histopathological assessments
evaluated.

Results: Treatment with Nizimuddinia zanardinii signi�cantly weakened these alterations. In order to, in
the treatment groups, TGF-β1 expression was severe, noticeable and low, respectively. In treatment
groups, α-SMA expression was remarkable and mildly observed in hepatocytes and hyperplastic bile
ducts, respectively.

Conclusions: Based on this study, the N. zanardinii extract may protect the liver and have anti-�brotic
effects through its antioxidant and reducing the expression of TGF-β1 and α-SMA.

Introduction
The use of current concepts in chronic cholestatic diseases highlights the pro-�brotic properties of the
accumulation of hydrophobic bile salts in cholestasis. This well-accepted hypothesis was proposed in the
1970s [1, 2]  and to this day, the bile salts accumulation of hydrophobic is seen as a stimulus force for
�brosis in cholestatic liver disease [3]. However, the mechanisms of �brosis in the cholestatic liver are
complex, it has been well established that the accumulation of toxic and hydrophobic bile salts in the
liver balances the oxidant/peroxidant in favor of increasing the activity of reactive oxygen species (ROS)
and these free radicals [4-6]. Then, it boosts the in�ammatory response that triggers collagen production
in the liver [7]. Fibrosis is the creation of a framework of granulation tissue consisting of new vessels and
an extracellular matrix that replaces the original lost tissue [8]. Some effects of cholestasis include the
accumulation of bilirubin, bile acids, and cholesterol, which are normally secreted into the bile [2].
Whatever the cause of cholestasis, it eventually leads to damage to the hepatocytes and leads to liver
dysfunction. The accumulation of bile salts is responsible for part of the damage to hepatocytes [9, 10].
During liver injury, hepatic stellate cells (HSCs) are converted to myo�broblasts, which increase �brillar
collagen levels, and the intracellular micro�lament protein expresses a smooth muscle actin (a-SMA),
which in turn traditionally used as an activated marker protein of the HSC phenotype [11-13]. Also,
transforming growth factor-beta1 (TGF-β1) is a major mediator in the pathogenesis of hepatic �brosis
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that activates SMAD-dependent and independent pathways to display its biological activity. TGF-β is
known to exert its biological effects by activating downstream mediators [14]. 

           There are various plants that due to their reported effects such as antioxidative, liver protective,
anti-apoptotic and anti-in�ammatory effects are potential candidates for use in relieving symptoms or
improving cholestatic liver damage [15]. Recent �ndings show that algae have antiviral, antibacterial,
antifungal and antitumor properties among many other marine plants [16, 17]. One of the important
nutritional bene�ts of brown algae, is the high presence of unsaturated fatty acids, especially n-3 and n-6
unsaturated fatty acids [18, 19]. Nizamuddinia zanardinii is a tropical brown macro-algae which is an
excellent source of protein, vitamins, essential fatty acids and minerals. So far, numerous biological
compounds with diverse applications such as antibiotic, antiviral, antifungal and anti-cancer effects have
been identi�ed and derived from multicellular algae [20, 21]. In addition, brown algae are a rich source of
omega-3 [22]. According to various reports, unsaturated fatty acids with several double bonds account for
more than 30% of the total fatty acids in diatoms and brown algae. Unsaturated fatty acids with several
double bonds, including omega-3 and omega-6, are known to be healthy compounds useful for human
health [23]. Recent experiments with omega-3 enriched fatty acids, or as the predominant source of lipids,
have shown encouraging results in the treatment of cholestatic patients [24-26]. Since no studies have
been performed on the effect of Nizimuddinia zanardinii on the liver and hepatic diseases, this study was
performed to investigate the effect of Nizimuddinia zanardinii on hepatic cholestasis induced BDL. 

Materials And Methods

Ethics statement
During the research period, all Ethical Considerations and Work Protocols on Laboratory Animals were in
accordance with the recommendations established by the Laboratory Animal Ethics Committee and
Supervision of Islamic Azad University, Tehran-North Branch, Tehran, Iran, as well as US NIH Guidelines
(National Research Council of USA, 1996).The protocols were approved by the Ethics Committee of
Islamic Azad University, Tehran-North Branch, Tehran, Iran. As well as, many efforts were made to
minimize suffering, and all surgeries were performed under deep anesthesia. The study is reported in
accordance with ARRIVE guidelines (https://arriveguidelines.org).

 

Animals
Fifty-four adult male Wistar rats weighing approximately 230-250 g were purchased from the Pasteur
Institute of Iran and transferred to the animal room of the Faculty of Basic Science, Islamic Azad
University, Tehran-North Branch, Tehran, Iran with Ethics committee number IR.IAU.TNB.REC.1400.052.
The animals were kept in a laboratory animal breeding center with �berglass cages and under standard
conditions with a temperature of 22 ± 2 ° C and a light cycle of 12 hours of light and 12 hours of

https://arriveguidelines.org/
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darkness and relative humidity of 40-60%. For feeding the animals, special food for rats (plates) was
prepared from Pars Animal Feed Company of Tehran and clean piped water was provided to the animals
through drinking glasses without any restrictions. 

Experimental design and BDL operation
After accommodation for one week, the rats were randomly classi�ed into 9 groups of six animals each
as follows: Group 1 (control): healthy intact animals that received daily distilled water as a drug solvent.
Group 2 (Sham): the operated animals without BDL surgery which received distilled water daily as a drug
solvent. Group 3 (BDL): Animals have undergone BDL surgery which received distilled water daily. Groups
4-6 (Experimental treatment): BDL-operated animals received daily treatment of brown algae extract at
doses of 50, 100 or 200 mg/kg bw. Group 7-9 (Nizimuddinia control): intact animals that received daily
treatment of brown algae extract at doses of 50, 100 or 200 mg / kg bw. The animals received brown
algae extract dissolved in distilled water once a day by intragastric gavage. The volume of treatment was
0.5 ml and the duration of treatment was 45 consecutive days [27, 28]. Bile duct ligation (BDL) surgery
was performed according to the standard method of Uchinami et al [29]. Brie�y, each animal was
completely anesthetized by intraperitoneal (ip) injection of a mixture of ketamine (90 mg/kg bw) and
xylazine (10 mg/kg bw). An abdominal incision was made from the midline. The common bile duct was
identi�ed and doubled ligated with a 4-0 nylon suture (AILEECo. Ltd., Busan, Korea) at two points (just
below the junction of the hepatic duct and before the entrance to the pancreatic duct). The bile duct was
then cut between these two points. At the end of the operation, 2 ml of sterile saline was injected into the
peritoneum, followed by precise sutures of the peritoneum and muscles, as well as skin wounds. The
animals were then allowed to recover on a heat pad [29]. In sham rats, an abdominal incision was made
without ligation of the common bile duct.

Preparation of Nizimuddinia zanardinii extract 
The algae was prepared from Chabahar Port, Sistan and Baluchestan, Iran. The collected algae were
stored in an ionolytic box containing ice and then transferred to the laboratory. The algae were thoroughly
washed and immersed in distilled water (to remove solutes), and their water were changed for several
hours. This was repeated up to three times, after which the algae were dried and completely pulverized by
an electric mill. To prepare the ethanolic extract of the studied algae, 200 g of each algae powder sample
was soaked in 80% ethanol solvent. Then, they were incubated for 24 hours at 100 rpm and room
temperature. The extract extraction process was repeated two more times and then the extracts were
�ltered using Whatman No. 1 �lter paper; Solubilization was performed under the hood and the extract
was concentrated and kept at 4 ° C for later use [30, 31].

Sampling and biochemical evaluation 
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After the experimental period, the animals were fasted for 12 hours. Under anesthesia with i.p. injection of
ketamine (90mg/kg bw) and xylazine (10mg/kg bw) the blood and livers were collected. After a 30-
minute pause for blood clotting, the samples were centrifuged at 2500 rpm for 5 minutes to separate the
serum from the blood and the serum levels of ALT, AST, ALP, cholesterol, triglyceride, total bilirubin,
albumin and total protein were determined based on IFCC method (International Federation of Clinical
Chemistry and Laboratory Medicine) and the utilized kits for evaluating the biochemical parameters by
autoanalyzer device (BT1500, Italy) [32].

Measurement of hepatic superoxide dismutase (SOD) and
catalase activities (CAT) 
A part of the liver tissue of animals in all groups as �xed in 10% formalin buffer solution to prepare
para�n blocks from them after performing conventional tissue processing methods. Another part of the
liver was used to prepare liver homogenate. The prepared homogeneous solutions were then poured into
several follicles (equal volumes) and centrifuged by refrigerated centrifuge at 4 °C and 9000 rpm for 20
minutes. The milky supernatant was then collected to assay the activities of CAT and SOD activity was
determined using the CAT and SOD assay kit (Pars Azmoon, Tehran, Iran) according to the
manufacturers’ protocol that was assayed as described previously [33]. Brie�y, 0.2 ml of homogeneity
was added to 1.2 ml of 50 mM phosphate buffer (pH = 7.5), the reaction starting with the addition of 1.0
ml of 30 mM H2O2 solution. Absorption reduction was measured at 240 nm at 30-second intervals for 30
minutes. A unit (U) of the activity of this enzyme is de�ned as the amount of enzyme that obtains the
value K = 1, where K is the rate constant of the enzyme. Activity is expressed as a unit per mg of protein
(U/mg protein) [33].

Histopathological examination
Trichrome staining is used to detect increased collagen deposition and to determine the severity of
�brosis in the liver tissues. 4-6 μm-thick sections cut from the liver of all groups were placed in xylene (2.5
minutes) and descending alcohol series (100, 90, 80, 80, 70, and 50 %) for depara�nization. Then, the
Sigma-Aldrich Masson’s Trichrome Stain Kit (HT15) was applied to the sections. They were washed with
alcohol and xylene and covered with Entellan and  light microscopic examinations were performed in a
blinded fashion [34, 35]. The pathological �ndings were qualitative, and the liver damage in different
groups was scored based on a modi�ed method by Sant’Anna et al [36] using trichrome staining. In this
method, 10 areas were randomly examined in each sample and the average injury was considered as a
single score. The damage rating is as follows: necrosis: 0 = no necrosis, 1 = local damage less than 25%,
2 = local damage between 25-50%, 3 = extensive but local necrosis, 4 = extensive necrosis; in�ltration of
in�ammatory cells: 0 = no in�ammation, 1 = focal in�ammation less than 25%, 2 = focal in�ammation
between 25-50%, 3 = extensive but localized in�ammation, 4 = extensive in�ammation; connective tissue:
0 = no connective tissue, 1 = collagen deposition without a wall mattress, 2 = incomplete wall mattress, 3
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= full and thin wall, 4 = full and thick wall; bile duct hyperplasia: 0 = no hyperplasia, 1 = less than 25% per
lobule, 2 = 25-50% per lobule, 3 = extensive but localized, 4 = extensive [36]. 

Immunohistochemistry staining 
Immunohistochemistry staining was performed on liver tissue sections to determine alpha smooth
muscle actin (α-SMA), the most commonly used protein that is increased in liver �brosis, and
transforming growth factor-β1 (TGFβ1), which is increased in liver injury are considered liver injuries.
Liver sections were used and dehydrated before epitope recovery in novocaster solution in toluene (Leica
Biosystems, Germany). After neutralizing the endogenous peroxidase with 3% H2O2 for 10 minutes, the
sections were incubated with blocking solution at 4 ° C with anti-TGF-β1, α-SMA antibodies (1: 100,
dilution). The detection was performed using a polymer detection system (Novolink max polymer
detection system, Novocastra Leica Biosystems) and DAB (3,30-Diaminobenzidine, Novocastra Leica
Biosystems) as the chromogenic substrate. Hematoxylin staining was used before dehydration and
installation. Images were assessed by light microscopy (Olympus BX43, Hamburg, Germany) [37].

Statistical analysis
All data were statistically analyzed by SPSS ver20 using one-way analysis of variance (One-way-ANOVA)
and Tukey post hoc test. The results are presented as Mean ± S.E.M. P<0.05 was considered statistically
signi�cant. 

Results

Effects of Nizimuddinia zanardinii hydroalcoholic extract on
liver biochemical parameters in the studied groups
As shown in Fig. 1, BDL increased signi�cantly the serum levels of ALT, AST, ALP and triglyceride as the
key biomarkers of liver injury compared with the sham group (P<0.001). Nizimuddinia extracts in all
doses of 50, 100 and 200 mg/kg decreased signi�cantly the ALT level in all treatment groups compared
to the BDL group (P<0.001), in addition, Nizimuddinia just in Nizi200 group (normal +Nizi200 mg/kg)
decreased signi�cantly the level of ALT compared with the control group. Also, ALP in treatment groups
with 100 and 200 doses of Nizimuddinia reduced signi�cantly contrast to BDL group (P<0.001). On the
other hand, Nizimuddinia attenuated ALP signi�cantly in all treatment groups (P<0.001). Moreover,
triglyceride in treatment groups with 100 and 200 doses of Nizimuddinia decreased signi�cantly
compared to the BDL group (P<0.001). Except for the mentioned case, no signi�cant change in ALT, AST,
ALP and triglyceride parameters was observed in the Nizimuddinia groups (normal+Nizi50, 100 and 200
mg/kg). 
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As indicated in Fig. 2, the BDL group demonstrated signi�cantly increase in the serum levels of
cholesterol and total bilirubin compared with the sham group (P≤0.001). No signi�cant change in the
cholesterol, total bilirubin, albumin and total protein biochemical factors was observed in the
Nizimuddinia groups. Whereas, treatment of BDL rats with Nizimuddinia reduced signi�cantly cholesterol
and total bilirubin levels in all treatment groups in a dose-dependent pattern (P≤0.001). On the other
hand, the total protein showed a reduction in the BDL rats that were treated with
Nizimuddinia signi�cantly increased the total protein compared with the BDL rats (P≤0.001). Also, BDL
diminished signi�cantly the serum albumin compared to the control group (P≤0.001). Treatment of BDL
rats with Nizimuddinia extract increased the serum albumin level in all treatment groups in a dose-
dependent pattern (P≤0.001). 

Moreover, No signi�cant change was observed in the activities of SOD and CAT compared to the control
group (P≥0.001). In addition, BDL decreased signi�cantly the antioxidant enzyme activities of SOD and
CAT (P≤0.001). Treatment of BDL rats with Nizimuddinia extract enhanced signi�cantly the level of SOD
enzyme in treatment groups with 100 and 200 doses compared to the BDL group (P≤0.001). While, CAT
activity increased signi�cantly in all treatment groups contrast to the BDL group (P≤0.001). Therefore,
treatment with Nizimuddinia zanardinii showed positive effects on SOD in 100 and 200 doses and CAT in
all doses (Fig. 3).

Histopathological evaluation
The results of histopathological evaluations of trichrome-Mason staining in the BDL group, lesions
include extensive but localized necrosis of hepatocytes, in�ltration of focal in�ammatory cells , extensive
bile duct hyperplasia, in�ltration of connective tissue with complete and thin wall between necrotic and
regenerated hepatocytes and incomplete hepatic lobules. In the studied groups, the degrees and severity
of lesions were different and the experimental healthy groups were completely healthy and similar to the
control group. While in the treatment group 50, extensive but local necrosis and in�ammation was
observed, in addition, it had complete and thin connective tissue and extensive hyperplasia was seen.
Whereas, in the treatment group of 100 was observed local necrosis  and connective tissue with
incomplete wall and extensive but local hyperplasia. Recovery in the tissue of the 200 treatment group
was characterized by local necrosis, focal in�ammation, increased collagen without wall, and hyperplasia
(Fig. 4).

As shown in Fig. 5, no signi�cant tissue changes were observed in control group experimental healthy
groups which were healthy and received Nizimuddinia zanardinii; whereas the BDL group showed severe
histological changes compared with the sham group and in control group. Major lesions include
placental �brosis, which can be detected by the deposition of collagen (connective tissue) as thin and
complete walls. Also, extensive but local necrosis, extensive bile duct hyperplasia and in�ltration of focal
mononuclear in�ammatory cells (lymphocytes) were observed. These changes were seen in almost all
lobules, although they were more widespread in the central lobular region (Fig 5(3)). In the treatment
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groups with Nizimuddinia zanardinii the rate of necrosis, bile duct hyperplasia, in�ltration of
in�ammatory cells and collagen deposition was reduced in a dose-dependent manner (Fig 5(4-6)).

Immunohistochemical staining

Immunohistochemistry (IHC) is a method used to determine the expression of biomarkers in tissue.
Although quantitatively less sensitive than immunological methods such as Western blotting and ELISA,
it makes it possible to observe processes in the context of intact tissue. This method is especially useful
for assessing the progression and treatment of diseases such as cancer. Immunohistochemical staining
is performed in the presence of antibodies, which identify the target proteins. Because antibodies are
highly speci�c, they bind only to their respective proteins in tissue sections. Therefore, the interaction
between antibody-antigen is determined by tissue staining. In this method, the enzyme binds to the
�ssion of the antibody and a color deposit is created at the site of the protein, which can be examined
with a light microscope [38].

The results of TGF-β1 expression in Nizimuddinia zanardinii hydroalchoholic extract treatment, sham and
control groups are shown in Fig. 6.

Based on Fig. 8, the histopathological evaluation with immunohistochemical staining based TGF-β1, the
positive criterion for TGF-β1 expression is a browning of the cytoplasm in 50% of hepatocytes and cell
nuclei [39], lack of TGF-β expression of hepatocytes around the central vein (CV) and other hepatocytes
observed in liver tissues with control (Fig. 8(1)). While in the BDL group (Fig. 8(3)), severe expression of
TGF-β1 in hyperplastic bile duct cells and hepatocytes are shown; in other words, TGF-β1 expression was
highly positive around the central vein and hyperplasia bile duct cells (Fig. 8(3)). The treatment 50 group
(Fig. 8(4)) showed severe expression of TGF-β in hepatocytes and hyperplastic bile duct cells; as well as,
in the treatment 100 group (Fig. 8(5)) was observed signi�cant expression of TGF-β in hepatocytes and
hyperplastic bile duct cells. Also, in the treatment 200 group (Fig. 8(6)) showed low TGF-β expression in
hepatocytes and hyperplastic bile duct cells. Whereas, in the experimental healthy groups 50, 100 and
200 (Fig. 8(7-9)) no expression of TGF-β was observed in hepatocytes around the central vein and other
hepatocytes.

The results of α-SMA expression in Nizimuddinia zanardinii hydroalchoholic extract treatment, sham and
control groups are shown in Fig. 9

As indicated in Fig. 9, histopathological assessment based α-SMA expression, it was observed a few
expression of α-SMA in the control group (Fig. 9(1)). On the other hand, in the BDL group (Fig.
9(3)) signi�cant expression of α-SMA in hepatocytes and hyperplastic bile ducts are shown. In addition,
the treatment 50 group (Fig. 9(4)) showed signi�cant expression of α-SMA in hepatocytes and
hyperplastic bile duct cells, in the treatment 100 and 200 groups (Fig. 9(5 & 6)) was observed mild
expression of α-SMA in hepatocytes and hyperplastic bile duct cells. Also, in the experimental healthy
groups (Fig. 9(7-9)) α-SMA expression was observed only to a small extent in the central venous wall. 
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Discussion
In this study, bile duct ligation was induced in rats, to evaluate the hepatoprotective and anti�brotic effect
of Nizimuddinia zanardinii ethalonic extract on cholestatic liver �brosis. As expected, BDL markedly
increased the serum levels of ALT, AST, ALP, cholesterol, triglyceride, total bilirubin whereas decreased the
levels of total protein and albumin in the serum and decreased the activity of CAT and SOD enzymes in
the liver tissue in the cholestatic group rats. Treatment of BDL rats with Nizimuddinia zanardinii extract
likely attenuated this pattern by its antioxidant effects. Bile duct ligation also induced a signi�cant
collagen deposition and proliferation of biliary epithelial cells in the liver. Some studies reported that N.
zanardinii have the fucoxanthin and antioxidant properties and evaluated the hydroperoxy sterol
cytotoxic activity extracted from this algae [40, 41]. 

The measurement of serum levels of AST, ALT and ALP uses as a mean of indirectly evaluating the liver
condition. After 45 days of the experiment, the BDL groups showed enhancing in the plasma levels of
ALP, AST and ALT. It is well known that hydrophobic and toxic bile acids accumulation in a cholestatic
liver can lead to decreased hepatocyte membrane integrity due to oxidative stress. Therefore, ALT and
AST enzymes, which are existed in liver cells with high concentrations, permeate into the bloodstream [8].
Treatment of BDL groups with Nizimuddinia zanardinii signi�cantly decreased the levels of ALT, AST and
ALP in the serum. 

In the present study total bilirubin signi�cantly increased in BDL group. The total bilirubin elevation in the
serum is the major index for cholestasis. In the cholestatic liver, the conjugated bilirubin excretion
decreases and as a consequence, it comes back into a serum. Although the mechanism is unclear, it is
probably due to the weak connections between hepatocytes that bilirubin is released back into the
serum. In addition, elevated serum bilirubin levels in the BDL group may be due to a slowing of the
mating rate due to hepatocellular damage [8]. Treatment of BDL groups with Nizimuddinia zanardinii
signi�cantly decreased total bilirubin in the serum, which demonstrates the antioxidative effects of N.
zanardinii and its protective role in the cellular membranes. On the other hand, bile acids can disrupt cell
membrane function and enhance the production of reactive oxygen species (ROS), which in turn
oxidatively modi�es lipids, proteins, and causes hepatocyte apoptosis. All of these changes lead to
impaired liver function and increased levels of ALT, AST, and low serum albumin [42]. Because, brown
algae are a rich source of antioxidant compounds [43] include polyphenols, carotenoids, tocopherols,
terpenes, ascorbic acid and alkaloids. These compounds react rapidly with reactive oxygen species, such
as hydroxyl radicals, superoxide, and peroxide, which are themselves formed as a result of oxidative
damage to human cells by endogenous and exogenous agents. This reaction delays or reduces oxidation
and also prevents a wide range of human diseases [44]. In recent years due to the reduced use of
synthetic antioxidants such as butyl hydroxyl toluene (BHI) and butyl hydroxy anisole (BHA), using new
sources with antioxidant and antimicrobial properties, such as natural compounds found in brown algae
increased. Natural plant-based antioxidants can react quickly with free radicals to suppress them [45]. In
this study also albumin decreased in the BDL group compared to the sham group and Nizimuddinia
zanardinii increased this index in the treatment groups. 
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The experimental model of bile duct ligation has been reported to be associated with the reduce
antioxidant activity of SOD and CAT in the liver [46]. In agreement with the results of other studies, in this
study, cholestasis signi�cantly reduced the SOD and CAT activities in BDL group, whiles treatment with N.
zanardinii enhanced these enzymes activities in treatment groups. Detoxifying free radicals and
preventing oxidative stress have signi�cant roles of SOD and CAT in cholestatic liver �brosis [8]. These
observations that SOD and CAT levels were enhanced to their normal levels in the treatment of BDL rats
with N. zanardinii, shows that the liver is reform to its normal activity through the hepatoprotective
function of N. zanardinii. 

Oxidative stress plays a key role in the development of �brosis in the liver and other organs. Using the
BDL model, the researchers showed that liver protective agents could also have anti�brotic effects. The
rationale for using antioxidants is that oxidative stress is associated with increased TGF-β1, and
antioxidants interfere with the �brogenesis process by inhibiting TGF-β1 (Lee et al., 2007). The
Nizimuddinia zanardinii possibly maintains the membrane strength of hepatocytes by regulating the
redox status of cell membrane proteins and reducing the oxidation of fatty acids, and inhibits the
differentiation of HSC cells into myo�broblasts [41]. 

In this study, in order to evaluate the anti�brotic effect of Nizimuddinia zanardinii using
immunohistochemical staining, the expression of the most important �brogenic factors including α-SMA
and TGF-β1 in liver tissue was investigated. Based on the results, the expression of α-SMA �brogenic
factor in the control and healthy experimental groups treated with different doses of Nizimuddinia
zanardinii were only slightly positive in the central vein wall; while α-SMA expression in the BDL group
was signi�cantly positive in hepatocytes and hyperplastic bile ducts. In BDL groups, damaged hepatocyte
cells and Kupffer cells, release several prophylactic cytokines, the most important of which is TGF-β1[47].

However, the liver �brosis mechanism is not quite understood, the important role of activated hepatic
stellate cells in the synthesis and deposition of connective tissue in �brogenesis is clear.
Transdifferentiation of quiescent hepatic stellate cells may be the product of �broblasts that express a-
SMA. The hepatic stellate cells activation includes increased cell proliferation, increased extracellular
matrix protein synthesis, and expression of α-SMA activation marker [48]. In cholestatic liver, α-SMA is
also found in myo�broblasts and �brous areas. In agreement with the results of this study, the research
of Aksua et al [48] showed that bile duct obstruction (BDL) in rats after 14 days increased the activity of
liver enzymes, gamma glutamyl transferase and serum bilirubin. Also, increased expression of α-SMA
was observed especially in vascular smooth muscle cells and �brotic areas as well as around the
proliferated bile duct [48]. In the present study, the expression of α-SMA in the treatment groups with
Nizimuddinia zanardinii decreased in a dose-dependent manner. In the treatment BDL group with
Nizimuddinia zanardinii at a dose of 200 mg/kg bw was decreased the expression of α-SMA between 3-
33%. In addition, cholestasis induction also increased the expression of �brogenic factor TGF-β1 in the
BDL group. Based on our results, the expression of TGF-β1 in the healthy experimental groups treated
with Nizimuddinia zanardinii at doses of 50, 100 and 200 mg/kg bw was similar to the negative control
group, while the expression of TGF-β1 in the BDL group was signi�cantly increased around the central
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vein and bile duct cells. TGF-β1 is one of the most important �brogenic factors involved in HSC and is a
potent mediator in extra cellular matrix (ECM) accumulation. TGF-β1 on the one hand activates collagen
production, �bronectin and proteoglycans, and on the other hand, inhibits collagen breakdown by
reducing the activity of the matrix metalloproteinase and increasing the activity of metalloproteinase
inhibitors. All of these actions together promote the phenomenon of �brogenesis, and there is growing
evidence that TGF-β1 plays a key role in the formation of �brous tissue, especially in the liver and lungs,
following chronic in�ammation [49].

The results of various studies showed that in animal models of bile duct obstruction, hepatic expression
of TGF-β1 mRNA increases approximately 2-4 times [49]. TGF-β1, on the other hand, increases the
synthesis of α1-type protocollagen in cultured HSC cells, resulting in the spread of liver �brosis [50].
Increased TGF-β1 in transgenic rats also leads to extensive hepatic �brosis [51]. Based on the
immunohistochemical results of this study, treatment of BDL rats with ethanolic extract of Nizimuddinia
zanardinii at doses of 50, 100 and 200 mg/kg bw, inhibited the expression of TGF-β1 in a dose dependent
pattern in the liver.

Based on our histopathological results, BDL signi�cantly caused hepatic �brosis, which determined by
collagen accumulation in trichrome staining. Conversely, this effect was signi�cantly reduced by N.
zanardinii treatment. N. zanardinii also reduced the other pathologic scores of the cholestatic liver injury
like necrosis in�ltration of in�ammatory cells and bile-duct hyperplasia.  

Conclusion
The biochemical and histopathological results of this study determined the hepatoprotective and anti-
�brotic effects of Nizimuddinia zanardinii extract in the cholestatic liver. Based on this study, the N.
zanardinii extract may protect the liver and have anti-�brotic effects through its antioxidant, free radical
scavenging, cell membrane protection, and inhibition of satellite cells activation and reduced expression
of α-SMA and TGF-β1 �brotic factors.
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Figure 1

Effect of Nizimuddinia zanardinii hydroalchoholic extract on ALT, AST, ALP and triglyceride indexes in
BDL-induced liver �brosis in rats. Data are expressed as mean ± SEM. #P<0.001, ***P<0.001, +++P<0.001
and ++P<0.01 compared with control, sham and BDL groups, respectively (n=6).
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Figure 2

Effect of Nizimuddinia zanardinii hydroalchoholic extract on serum biochemical indexes in BDL-induced
liver �brosis in rats. Data are expressed as mean ± SEM. #P<0.001, ***P<0.001, +++P<0.001 and ++P<0.01
compared with control, sham and BDL groups, respectively (n=6).



Page 18/24

Figure 3

Effects of Nizimuddinia zanardinii hydroalchoholic extract on antioxidant enzymes in BDL-induced liver
�brosis in rats. Data are expressed as mean ± SEM. ***P<0.001 and +++P<0.001 compared with sham
and BDL groups, respectively (n=6).
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Figure 4

The effect of ethanolic extract of Nizimuddinia zanardinii in doses of 50, 100 and 200 mg / kg body
weight on liver �brosis due to bile duct obstruction in different groups.
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Figure 5

Histopathological �ndings of BDL-induced liver �brosis in rats. 45 days after the experiment, hepatic
tissue samples were evaluated Masson’s trichrome staining. (1) Control, (2) Sham, (3) BDL, (4-6) BDL+
Nizimuddinia zanardinii (50, 100 and 200 mg/kg respectively), Control + Nizimuddinia zanardinii (50, 100
and 200 mg/kg respectively) (7-9). No histopathological changes were observed in liver tissues with
control (1) and sham (2) the central vein (CV) and hepatocytes are all seen in a normal pattern. In the BDL
group (3) in�ltration of connective tissue as complete walls (arrowheads) are shown. All these lesions
were markedly attenuated in Nizimuddinia zanardinii treatment (4-6) (Trichrome * 100).
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Figure 6

Effects of Nizimuddinia zanardinii hydroalchoholic extract on TGF-β1 expression.
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Figure 7

Effects of Nizimuddinia zanardinii hydroalchoholic extract on α-SMA expression.
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Figure 8

Histopathological �nding with immunohistochemistry (IHC) staining based TGF-β1. 45 days after the
experiment, hepatic tissue samples were evaluated by staining of IHC. (1) Control, (2) Sham, (3) BDL, (4-
6) BDL+ Nizimuddinia zanardinii (50, 100 and 200 mg/kg respectively), (7-9) Control + Nizimuddinia
zanardinii (50, 100 and 200 mg/kg respectively) (IHC *400).
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Figure 9

Histopathological �nding with immunohistochemistry staining based α-SMA. 45 days after the
experiment, hepatic tissue samples were evaluated by staining of IHC. (1) Control, (2) Sham, (3) BDL, (4-
6) BDL+ Nizimuddinia zanardinii (50, 100 and 200 mg/kg respectively), (7-9) Control + Nizimuddinia
zanardinii (50, 100 and 200 mg/kg respectively). The expression of α-SMA only slightly in the central vein
(CV) wall (arrow) observed in liver tissues with control (1) (IHC *400).


