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Arnebia euchroma is from Boraginaceae family. Various therapeutic effects have been reported for
different species of this plant. The aim of this study was to investigate antioxidant activity of
hydroalcoholic extract of the root of A. euchroma and its protective effect on hepatotoxicity induced by
CCls in mice. In this experimental study, A. euchroma was extracted with ethanol solvent by maceration
method. Antioxidant activity of the plant has been evaluated by the DPPH free radical scavenging
method. Then, the hepatoprotective effect of A. euchroma was evaluated through determination the
content of glutathione in liver tissue, ALP, AST, ALT serum levels and histopathology of liver in
different groups. The total phenolic content determined as 0.56% per 100 g of plant was equivalent to
gallic acid. The total flavonoid content was 0.079% per 100 g of plant that was equivalent to quercetin.
The ICso of the extract for free radical scavenging was obtained 139.2 pg/ml. The extract increased

CCly, liver glutathione and serums ALP, AST, ALT that were decreased by CCls administration in animal. All

mice protective effects were dose-dependent and the results of liver histopathology showed a significant
improvement of inflammation and necrosis that were caused by CCls in mice. The results of this study
revealed that the hydroalcoholic extract of A. euchroma root has an antioxidant effect and excellent
hepatoprotection in mice.
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. from Boraginaceae family and its other names include
Introduction & y

The liver is the largest organ in the body forming 3-5%
of the body mass. The most important actions of the
liver are various material metabolisms, detoxification of
environmental pollutants and chemical drugs (1). Liver
disease is one of the serious problems threatening the
health of the human community. Today, it has been
demonstrated that osteotomy and fibrosis are the
underlying causes of fatal cirrhosis in humans.
Although the pathogenesis of liver fibrosis has not been
completely determined, it is clear that reactive oxygen
species (ROS) samples play a determining role in the
pathology changes in the liver (2). Biological
membranes are the most sensitive parts of the cell to
the effects of ROS. The peroxidation of unsaturated fatty
acids in biological membranes, in addition to reducing
fluidity, can destroy them (3). Although intracellular
protective mechanisms greatly reduce the risk of ROS,
there are other protective ways especially food
antioxidants for human health due to the high
frequency of these free radicals. The presence of natural
compounds especially plant specimens having
antioxidant properties, has such characteristics (4).
There are many plants in traditional medicine of Iran
prescribed for liver disorders such as chicory and
purslane (Portulaca Oleracea) (5). Arnebia euchroma is

Shankar, Shanjar, Hannah al-Ghul, Khums al-Hammar,
Regal al-Hamamah, and the Shajarat - al- dam (6, 7).
The roots of borage family such as Arnebia euchroma is
containing shikonin, alkanin and other naphthoquinone
derivatives (8). These substances have antioxidant
properties with a wide range of biological capabilities,
such as wound healing, antifungal activity, antiviral
activity like the flu virus and AIDS (9-12). In addition,
other studies have shown that A. euchroma has anti-
microbial (6) and anti-inflammatory effects (13). In this
study, the hepatoprotective effect of the hydroalcoholic
extract of this plant was evaluated in liver toxicity
induced by carbon tetrachloride in mice.

Materials and Method

Plant specimen

The substratum (root) of the A. euchroma plant was
collected from the plant in the late summer and early
autumn and after confirmation by a botanist and
preparing a herbarium specimen, number of E;-36-281
specified for the sample. After drying of this plant in the
shade at 37 °C, the extraction was carried out using a
multiple maceration method at the temperature of 15-
20 °C with ethanol (80%). After 72 h, the extract was
collected (three times). After filtration, the major of
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solvent was removed using distillation apparatus in a
vacuum. Then the extract was dried and powdered
using a freeze drier. The extract was standardized
based on the total phenol content will be carried out
using the Folin-Ciocalteu Reagent and flavonoids
content using aluminum chloride by
spectrophotometry and standard curve drawing (2).

Free radical scavenging

4 mL of extract at concentrations 1-20 mg/ml was
mixed with 1 mL of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Merck company, Germany) solution at 10 pM
(final concentration of 0.2 mM DPPH). After mixing, the
samples were incubated in darkness for 30 min and
then absorbance was measured at 517 nm in front of
blank. The scavenger ability of the extract was
calculated (n = 3). The ICso (concentration of each
extract required to remove up to 50% of radicals) was
obtained from the control curve versus the extract
concentration. Vitamin C was used as a positive control
for comparison (2).

Determining the total phenol and flavonoid contents
Total phenolic content was carried out through Folin-
Ciocalteu method (14). 0.5 mL of the extract at
concentration 0.5 mg/ml was mixed with 2.5 mL
reagent and 0.2% Folin-Ciocalteu. Sodium carbonate
solution (2 mL, 7.5%) was added to this mixture. The
absorbance of the sample was measured at room
temperature by ultraviolet  spectrophotometer
(PerkinElmer, USA) at 760 nm after 2 h. The results
were expressed as equivalent values with gallic acid.
The mean absorption was put in the linear equation
obtained from the drawing of gallic acid standard curve.
The result was reported as total phenol content of the
extract in mg equivalent to gallic acid per gram of
extract. Experiments were repeated 3 times for each
extract and standard. The total flavonoid content of the
extract was evaluated through colorimetric methods
(14). 0.5 mL of the sample at a concentration of 0.5
mg/ml was mixed with 1.5 mL of ethanol, and then 0.1
mL of 10% aluminum chloride was added. Then, 0.1 mL
of potassium acetate (1 M) solution and 8.2 mL of
distilled water were added and the collection was kept
at room temperature for 30 min. The absorbance of the
final solution was measured at 415 nm. Quercetin was
used as the standard for plotting the calibration curve.
Flavonoid content was reported in mg equivalent of
quercetin per gram of the extract. The experiments
were repeated 3 times and their mean was reported.

Animal study

Firstly, extract was prepared at doses of 200 and 400
mg/kg by dissolving of extract in normal saline. In all
cases, 0.5 ml of extract was injected in mouse. Male
mice (8-10 weeks, 25-30 g) were kept in Experimental
Animals Center of Mazandaran University of Medical
Sciences. This study was approved by Ethical

Committee of University (ID: 2186). Mice (in each
group 6 mice in separate cages) were kept under
controlled temperature (between 20-25 °C) and light
(12-12 h light and darkness). Food powder and water
was available for them. For intraperitoneal injection
and animal surgery, olive oil was used as a solvent for
carbon tetrachloride (Merck Company, Germany).
Carbon tetrachloride (CCly) was injected by
Intraperitoneal injection (IP) method for 7 days (15).
Animals were divided into 5 groups and their injections
were carried out as follows.

Group: 1 negative control group that was received only
olive oil (carbon tetrachloride solvent) (1 ml/kg IP),
daily for 7 days. Group 2: Mice were received only
carbon tetrachloride with its solvent, daily for 7 days.
Group 3: Mice were received of the extract (200
mg/kg/ day IP) of A. euchroma for 7 days. Group 4:
Mice were received of the extract (400 mg/kg/ day IP)
of A. euchroma for 7 days. Group 5: Mice were received
of the vitamin C as an antioxidant compound (10
mg/kg/ day IP) for 7 days.

Biochemical analysis

Animals were anesthetized at 24 h after last injection
with a mixture of ketamine and xylazine and then
killed. Immediately after fracturing the abdomen and
chest, about 2 mL of blood was removed from the heart
with an insulin syringe and centrifuged to measure the
enzymes from the animals’ serum. The serum was
transferred to sterile tubes for each animal and stored
in a freezer to measure the appropriate serum levels of
alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), and alkaline phosphatase
(ALP) in a working day. Immediately after blood
collection, the animal liver was washed by physiologic
serum to measure glutathione by Alman method and
pathological examination, and then it was placed in
formalin 10% for tissue fixation and histopathological
studies (15). 0.1 g of liver tissue was transferred to the
homogenizer tube. 1 ml of EDTA was added and the
homogenization was carried out several times with a
piston to obtain a uniform mixture. Then the contents
of the homogenizer tube were transferred to the
refrigerated centrifuge tube. In the next step, 1.5 mL of
10% trichloroacetic acid (TCA) (Merck Company,
Germany) was added to centrifuge tube for protein
deposition. The tubes were centrifuged for 15 min at
3500 rpm and 1 mL of the solution was transferred to
the test tube and 2.5 mL of 0.4 M Tris buffer (pH = 9.9)
and 0.5 mL of 5,5'"-dithio-bis-(2-nitrobenzoic acid
(DTNB) (Merck Company, Germany) added. The tube
was then shaken well until a uniform yellow color was
obtained in the tube. Finally, the absorbance of the
resulting solution was read at 412 nm and the
glutathione concentration was measured using the
standard curve (15, 16). To measure serum ALP, AST,
ALT, 1.5 to 2 ml of blood was transferred to a centrifuge
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tube and placed in a laboratory for 30 min to be
incubated, then centrifuged at 1500 rpm for 15 min.
Then, about 0.5 mL of serum was obtained. A kit was
used to measure all three enzymes, ALP, ALT, and AST.
The results of these three enzymes were reported as
U/L (16, 17).

Histopathology assessment

For histopathology, the incision was taken from the
central part of the liver in 10% formalin, the
longitudinal and transverse sections and placed in
special Tissue Processor apparatus. Tissues and the
sample code was placed there. The basalts were placed
in 10% formalin for 24 h so that formalin penetrates
into the inner parts of the tissue. Then, the baskets
were put into the Tissue Processor with 10% formalin,
70% alcohol, 80% alcohol, 90% alcohol, 100% alcohol
(absolute), xylene and paraffin (paraffin temperature is
approximately 64 °C), respectively. After the removal of
baskets from Tissue Processor apparatus, the tissues
were removed from the basket and covered with
paraffin. Finally, after preparing the appropriate
incisions the tissue was prepared for coloring step. The
coloring was carried out using Giemsa method.

Statistical analysis

The results of this study were analyzed using Graph pad
prism 6 software (USA) in the form of one-way ANOVA
variance analysis test. The data were reported as mean
+ SD. Also Tukey posttest was used to compare the
groups. Comparing the mean of the groups, P < 0.05,
was considered significant.

Results

Phytochemical and antioxidant analysis

After extraction, the percent of extraction yield was
obtained 6.34 by measuring the extracts weight. In total
phenol measurements in Folin-Ciocateu extract, the
content of total phenol in the plant was 0.56% gallic
acid per 100 gram of the plant. By measuring total
flavonoid in the plant using aluminum chloride, total
flavonoid content was determined 0.079% of quercetin
per 100-gram plant.

In scavenging DPPH free radical, the value of ICso was
obtained 139.2 ug/ml for the extract and ICsy for
vitamin C was 8.4 pg/ml.

Animal tests

The results of measurement of glutathione (GSH) of
mice liver (umol/g) in the studied groups after chronic
exposure to the hydroalcoholic extract of A. euchroma
root have been illustrated in figure 1.

The results of glutathione measurement of GSH in the
mice liver showed that the maximum amount of
glutathione in the normal saline (control) group was
108 pmol/g, and the lowest amount of glutathione in
the CCls group was 75.2 pmol/g of extract. The extract

significantly and dose-dependently increased the
glutathione levels in liver of mice treated with CCla.
Comparison of AST enzyme level in the mice in the
studied groups and the group receiving carbon
tetrachloride and normal saline has been presented in
figure 2.

GSH

1504

GSH(pM)

Figure 1 Comparison of glutathione GSH level
in mice liver (umol/g) in the study groups and
the group receiving carbon tetrachloride (CCls,
control) and normal saline (control, vitamin C
has been used as positive control). ###:
significance with P < 0.001 compared to normal
saline; +++: significant with P < 0.001
compared to carbon tetrachloride.
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Figure 2 Comparing serum AST enzyme levels
in the studied groups and the groups receiving
CCls and normal saline. Vitamin C has been used
as a positive control. ###: significance with P <
0.001 compared to normal saline; ++: significance
with P < 0.001 compared to carbon tetrachloride;
+++: Significance with P < 0.001 compared to CCly;
***: Significance with P < 0.001 compared to
carbon tetrachloride.

The highest amount of serum AST is in the group
receiving CCls with 158 U/L and the lowest amount of
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AST in the serum is in the group receiving normal saline
127 and vitamin C 127 U/L.

Comparison of serum ALT level of mice in the studied
groups and the group receiving carbon tetrachloride
and normal saline has been presented in figure 3.
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Figure 3 Comparison of serum ALT levels of mice
in the studied groups and the group receiving
CCls and normal saline. Vitamin C is used as a
positive control. ###: significance with P < 0.001
compared to normal saline; +: significance with
P < 0.05 compared to carbon tetrachloride; +++:
Significance with P < 0.001 compared to carbon
tetrachloride; ***: significance with P < 0.001
compared to CCls.

The highest amount of serum ALT is in the CCls group
with 110 U/L, the lowest amount of ALT in the serum is
in the group receiving normal saline with 71.4 U/L and
vitamin C with 72 U/L. Extract significantly and dose-
dependently decreased ALT level in the serum of CCls-
treated mice compared to the group receiving CCls.
Comparison of serum ALP levels of mice in the studied
groups and the group receiving CCl4 and normal saline
has been presented in figure 4.

The highest serum ALP level is in the carbon
tetrachloride group with 216 U/L, the lowest amount of
ALP in the serum is in the group receiving normal
saline with 164 U/L, and vitamin C with 160 U / L. The
extract significantly and dose-dependently decreased
the amount of ALP in the serum of CCls-treated mice
compared to the group receiving CCl.

The results of histopathologic studies of the liver are as
follows (figure 5).

Group 1: In the normal saline group, the liver was
normal and without inflammation in the portal area
and necrosis of the hepatocytes. Cells had no bleeding,
and central vessels were normal.

Group 2: In the group receiving CCls, severe
inflammation and extensive necrosis of hepatocytes
have seen. Necrosis and extensive bleeding were
observed around the central vessels. Local

inflammation and extensive parenchymal necrosis
were also observed in the liver cells.

Group 3: The group receiving 200 mg/kg of A
euchroma root extract did not showed any significant
change in terms of bleeding, necrosis and inflammation
in different parts of the liver in relation to CCla.

Group 4: The group receiving 400 mg/kg root extract of
A. euchroma, bleeding decreased slightly in the central
veins, inflammation is not seen in most parts of the liver
in relation to carbon tetrachloride. Parenchymal
necrosis has been reduced in all parts, but portal
inflammation is still visible (Fig. 5).
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Figure 4 Comparison of serum ALP levels of
mice in the studied groups and the group
receiving CCls and normal saline. Vitamin C is
used as a positive control. ###: significance
with P < 0.001 compared to normal saline; ++:
significance with P < 0.01 compared to carbon
tetrachloride; +++: significance with P < 0.001
compared to tetrachloride; ***:
Significance with P < 0.001 compared to CCls.

carbon

Discussion

In this study, the protective effect of hydroalcoholic
extract of A. euchroma root on hepatotoxicity resulting
from carbon tetrachloride in mice was investigated.
Serum levels of ALT AST, ALP for the measurement of
liver activity by carbon tetrachloride and oxidative
stress factors including glutathione levels were
investigated. Carbon tetrachloride reduced glutathione
content and increased levels of liver enzymes such as
ALT, AST, ALP. Carbon tetrachloride is one of the
hepatotoxic drug used to study liver diseases. The
destruction of liver cells is due to the breakdown of
carbon tetrachloride tie by carbon tetrachloride,
followed by the formation of tri -chloromethyl free
radical. This radical is highly unstable and immediately
reacts with cell membrane compounds or separates a
hydrogen atom from unsaturated fatty acids of the cell
membrane, which eventually results in the production
of a radical lipid and chloroform. The radical lipids
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magnifying 40, B: Evaluation of histopathologic
effects of liver tissue tested animal in the group faced
with carbon tetrachloride in olive oil by magnifying
40, C: Evaluation of histopathologic effects of liver
tissue of tested animal in the group receiving 200
mg/kg doses of root extract by magnifying 40, D:
Evaluation of histopathologic effects of liver tissue of
tested animal in the group receiving 400 mg/kg
doses of root extract by magnifying 40.

cause the destruction of endoplasmic reticuloids after
being combined with oxygen and ultimately release
enzymes of death and necrosis of the cells (18). Free
radicals containing oxygen, called ROS, are the most
important biological free radicals. Because free radicals
have one or more unequal electrons, they are extremely
unstable. Such radicals in the body seek to get or lose
electrons. Consequently, they damage cells, proteins,
and DNA (19). It is produced in the body of animals
under the influence of different reactions or

environmental factors of different free oxy radicals with
unpaired external orbitals. This empty molecular
orbital exists in oxygen or in nitrogen, which is called
ROS, RNA, respectively. Free radicals are increased
under oxidative stress and cause damage to the cell
membrane (20).

Today, liver diseases are one of the most important
problems of human societies, and finding an effective
drug in the treatment of these disorders is of interest to
researchers (2). Production of active oxygen particles
and induction of oxidative stress are the main
mechanisms for liver damage by many liver toxins (15).
The liver is one of the largest organs in the body,
accounting for 3 to 5 percent of the body mass. Because
of the fact that one of the most important activities of
the liver is detoxification of substances, in most cases,
enzymes are used causing damage to various tissues
including the liver itself by producing P cytochrome
450 of toxic metabolites (1). Due to the fact that liver
diseases and tissue damages are a life-threatening
problem, attempts to discover and use compounds that
have a protective effect on liver are increasing; in
addition, paying attention to complementary medicines
and treatment with natural plant-derived compounds
has been increased (21). Thioacetamide, ethanol,
acetaminophen and carbon tetrachloride are
substances metabolized by this enzyme system after
entering the body (1). Carbon tetrachloride is an
organic solvent that is widely used as a liver toxicity
model due to the production of such particles and the
induction of oxidative stress (22). In the development
of liver toxicity by CCls, the bond between carbon and
chlorine is broken down and trichloromethyl free
radical is formed (23). Measuring the levels of some
serum enzymes is used as a biomarker in liver
damages. These enzymes are released into the blood
from the cytosol and organelles. AST is mostly found in
the tissues of the liver, heart and musculoskeletal
system, and to a lesser extent in the brain, pancreas,
lung, and leukocyte varitrositis. If these tissues are
affected, the serum is increased in AST and this causes
an increase in ALT in liver necrosis, that's why
measuring this enzyme is a selective test for liver
necrosis (15, 24). ALT serum level is more sensitive
and specific than AST for liver injury (24). In previous
studies, liver damage induced by intraperitoneal
injection of 1 mg/kg carbon tetrachloride has been well
documented and its effect has been proven (25, 26). In
this study, prescription of 1 mg / kg of carbon
tetrachloride in the form of intraperitoneal injection
significantly increased the level of AST, ALP and ALT
enzymes in comparison with the control group. Daily
administration of the extract for one week significantly
reduced the serum ALT, AST, ALP enzymes levels and
reduced the levels of these enzymes to normal levels.
There are abundant herbs used in the treatment of
poisoning and liver disease in traditional medicine.
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Plants such as Silybum marianum, dandelion, Fumaria
officinalis, turmer (Curcuma longa), artichoke (Cynara
scolymus) and several other plants have been effective
in the treatment of liver disease (27). Certain Labiatae
plants such as Rosmarinus officinalis and some salvia
plants from this family have liver protection effects
(28). The hepato-protective effect of Polygonum has
also been reported (15). Intraperitoneal injection of
carbon tetrachloride significantly increased the level of
AST and ALT enzymes in the plasma and the level of
lipid peroxidation in the liver tissue. Administration of
ethanol extract of Polygonum at doses of 500, 750 and
1000 mg/kg, markedly decreased the level of liver
enzymes and lipid peroxidation. Several medicinal
plants have been used in the treatment of poisoning
and liver diseases in traditional medicine, which mainly
contain polyphenols and flavonoids that are the most
important antioxidants (28). A number of other
medicinal plants have been identified as liver protective
organisms, such as artichoke, Feniculum vulgare,
Cynara scolymus, Solanum nigrum, Terminalia chebula
and Carum copticum. The liver protection effect of these
plants is attributed to the presence of glycosides,
flavonoids, triplepenes and phenols (29, 30). Barberry
extract at concentrations of 10, 100 and 200 mg/kg
were administrated orally in mice. Carbon tetrachloride
significantly increased serum levels of alanine
aminotransferase, aspartate aminotransferase and
alkaline phosphatase in rats, while ethanolic extract of
barberry reduced the levels of these enzymes
significantly to approximately normal levels (31). It has
been reported that intra-tract injection of carbon
tetrachloride in mice increased the activity of AST, ALT,
and ALP by 46.68, and 85.17%, and 134.94%,
respectively, compared to the control group (2). The
use of extract of Dorema auchri (200, 400 and 500
mg/kg), as gavage, made these factors be significantly
closer to the normal level. The results of this study
indicate that the extract of Dorema auchri has a
protective effect against the liver damage induced by
carbon tetrachloride (2). In another study, carbon
tetrachloride (1.25 mg/kg) caused liver damage and
increased transaminase levels in the blood
considerably. Administration of pistachio gum extract
with doses of 0.5 and 1 g/kg before carbon
tetrachloride significantly prevented the increase of
ALT, but had no effect on AST concentration (32).

Glutathione is the most abundant non-enzymatic
antioxidant in the body. This compound is naturally
regenerated and in equilibrium with its oxidized form it
is the pathway of vitamin E and vitamin C (33).
Substances like vitamin are reversed to produce
primary glutathione again (34). In our study,
administration of the extract significantly and dose-
dependently increased glutathione levels in mice. The
hepatic protective effect of the extract is well confirmed
with histopathologic evidence. On the other hand, the

antioxidant activity of plants can be attributed mainly
to the presence of phenolic compounds (35).
Polyphenols have different biological activities,
including antifungal, antibacterial, antiviral, anti-
inflammatory and anti-allergic activities as well as
vasodilation (35). Total phenol content in the extract
was determined in total extracts and its value was
equal to 0.56% gallic acid per 100 g of the plant.
Flavonoids are widely distributed in plants and are
responsible for doing many functions. Flavonoids are
the most important plant pigment for flower coloration.
In addition, some flavonoids have inhibitory activity
against organisms that cause plant diseases. Flavonoids
account for about half of the 8,000 identified phenols
(34). As stated, Flavonoids are responsible for creating
color in leaves and fruits and are considered in the
pharmaceutical and food industries due to antioxidant
activity (35). The action of flavonoids is free radical
scavenging or chelating the ions. Total flavonoid
content in extract was determined of 0.079% per 100 g
of plant. In this test, vitamin C was used as a positive
control, ICso value for scavaging DPPH free radical for
extract was obtained 139.2 mg/ml. Recovery capacity is
used as an indicator in determining the antioxidant
capacity of medicinal plants (36).

Conclusion

The effects of Arnebia euchroma extract on CCLs-
induced hepatotoxicity in mice were evaluated by
recording changes in hepatic enzymes and other
biomarker levels as well as histopathological changes.
The extract of Arnebia euchroma showed noticeable
antioxidant activity, through its ability to scavenge free
radicals and efficiency against lipid peroxidation.
Therefore, results of our study suggest that Arnebia
euchroma is a potent hepatoprotective agent that could
protect liver against the acute injury and this ability
might be attributed to its antioxidant potential.
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