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Abstract

Background: Drugs are an important cause of liver injury. The use of natural remedies for the treatment of liver
diseases has a long history and medicinal plants are still used all over the world for this purpose. For their medicinal
and nutritional values, Berberis vulgaris, Crocus sativus and Ziziphus jujuba plants are of particular interest. In current
study we aim to explore hepato-protective effects of three medicinal plants; C.sativus (petal and stigma), Z.jujuba
and B.vulgaris in acute drug-induced hepatotoxicity and evaluation of their preventive effects in acetaminophen
and rifampicin-induced hepatotoxicity in rat.

Methods: One hundred thirty healthy male Wistar rats (200–220 g) were randomly assigned into 26 groups (n = 5).
Different doses of Z.jujuba, C.sativus and B.vulgaris are used to treat acetaminophen and rifampicin-induced
hepatotoxicity. Serum level of liver enzymes alanine transaminase, aspartate transaminase, lactate dehydrogenase
and alkaline phosphatase, total antioxidant capacity and lipid peroxidation measured using specific kits at the end
of the experimental period. Furthermore, total phenol content; flavonoids and flavonol were also measured in each
extract.

Results: Treatment with medicinal plants decreased liver enzyme levels and improved oxidative stress status in
hepatotoxic rats. This effect was notable in case of C. sativus and Z. jujuba. It is noteworthy plants used effectively
treated acetaminophen group in comparison with rifampicin group.

Conclusion: Normal levels of liver enzymes, an increase in total antioxidant capacity and a decrease in lipid
peroxidation level uncovered hepato-protective effects of these plants. It seems antioxidant and hepato-protective
effects of botanical extracts are basically linked with their phenol and flavonoid properties that neutralized oxidant
agents. However, more studies required to implement our strategy.
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Background
Detoxification of environmental and dietary contaminants,
toxic chemicals, and drugs are chiefly outlined as the
function of a healthy liver [1]. Hepato-toxicity which is in-
duced by drugs is one of the pivotal reasons for liver dis-
eases [2]. Acetaminophen as one of the oxidative stress
induced-drug commonly used as a palliative medication in
different populations. In the liver, cytochrome P450 me-
tabolizes its therapeutic doses to N-acetyl-p-benzoquin-
one imine in small amounts. But in overdose status, high
levels of N-acetyl-p-benzoquinone imine produces and
glutathione depletion happens. This process causes severe
damages to the liver and susceptible cells towards oxida-
tive stress [3]. Another drug which is toxic for liver is ri-
fampicin. Rifampicin is a bactericidal antibiotic drug
which can cause acute liver diseases. Mechanisms by
which rifampicin causes hepato-toxicity have not well
been understood; however, it is widely metabolized by the
liver and causes the elevation of multiple hepatic enzymes
[4, 5]. Recently, it has been reported that natural products
based on antioxidants including; flavonoids, carotenoids
and phenolic compounds could protect cells and vital
molecules from oxidative stress. Therefore, verification of
oxidative inhibitory effects of natural products in order to
remove free radical intermediates and terminate cellular
damages, could give rise to novel therapeutic methods for
liver injuries. One of the beneficial herbals attracted much
consideration as therapeutic agent is Z.jujuba. Different
constituents of this plant are used as immune modulator,
tumor suppressor, alleviative, soporific, hypotensive and
anti-oxidative agent and as a therapy for insomnia
and depression [6–9]. In line with Z.jujuba, the
hepato-protective features of B.vulgaris have also been
determined [10]. B.vulgaris used to treat liver inflam-
matory and hypertension diseases and also has anti-
inflammatory and immuno-suppressive functions [11–13].
B.vulgaris fruit efficiently scavenged free radicals in-
termediates. These radicals damage hepatic cells and
leads to an increase in liver enzymes. Hence, the anti-
oxidant features of B.vulgaris, diminished the activity
of these enzymes. The C.sativus is widely used in
Middle Eastern countries like Iran as spice, yellow
dye and even a remedy [14]. Experimental investiga-
tions suggested that C.sativus has similar medicinal
properties to other considered herbs in their studies
[15–17]. It has been demonstrated that there is an
antidepressant effect in its petal which cost plenty
less compare to its stigma, so there is growing ten-
dency to use. Therefore, the pharmaceutical proper-
ties of this herb caused to use it as new, safe and
low-priced component [18]. In the present study, we
sought to investigate the protective effects of C.sati-
vus, Z.jujuba and B.vulgaris against acetaminophen
and rifampicin-induced acute liver toxicity in rats.

Methods
Animal study
In current study 130 adult male Wistar rats with body
mass of 200–220 g were obtained from Birjand Univer-
sity of Medical Sciences. They were housed under stand-
ard conditions in a room in groups of five rats per cage
at a temperature of 21–24 °C and constant 12 h light/
dark cycle. All animals were allowed free access to
standard chow diet (Pars Dam Co, Tehran, Iran) and tap
water ad libitum. In all procedures they were conducted
in accordance to the institutes of ethics committee for
care and use of laboratory animals.

Preparation of plants extracts
Z.jujuba, B.vulgaris and C.sativus (petals and stigma) ac-
cumulated from Southern Khorasn province during the
months of August to October 2014. Fresh plant mate-
rials were dried under temperature 25 ± 2 °C and made
into powder. These powders were used for alcohol ex-
traction through mixing with 80 % ethanol (in 1:9 ratio).
Then extracts were evaporated using rotary evaporator
under 37 °C and kept in moisture free place until further
use. The yield of extraction was 18, 21 and 25 % for
C.sativus, B.vulgaris and Z.jujuba respectively.

Treatment procedures
The rats were classified into 12 groups in acetamino-
phen group and 12 groups in rifampicin group which
each one was comprised 5 rats and were treated as fol-
low schedule: It should be noted that two healthy con-
trol and a positive control group is common in both
drug groups. The first group considered as healthy con-
trol, the second group is healthy positive control admin-
istered silymarin (200 mg/kg) [19], the third and fourth
groups was hepatotoxic control received acetaminophen
and rifampicin (450 mg/kg, intraperitoneally). The
positive experimental control was hepatotoxic rats ad-
ministered silymarin. The next eight groups were orally
pre-treated four times with time span of 12 h with petal
of C. sativus extract (at doses of 40 and 80 mg/kg separ-
ately), stigma of C. sativus extract (at doses of 40 and
80 mg/kg separately), Z. jujuba extract (at doses of 100
and 200 mg/kg separately) and B.vulgaris extract (at
doses of 100 and 200 mg/kg separately) [20]. These eight
groups then received acetaminophen and/or rifampicin
at dose of 450 mg/kg. We have two treatment groups
also, that administered mixture of Z.jujuba and B.vul-
garis in low dose and 1/1 ratio (ZB) and mixture of
C.sativus petals and stigma in low dose and 1/1 ratio as
(PS). At the end of experimental period, the rats were
sacrificed under chloroform anesthesia. Blood samples
were collected for biochemical analysis.
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Biochemical analysis
Blood sample was centrifuged at 750 × g for 15 min at
room temperature to prepare serum and then it was
stored at -21 °C for further analysis. The aspartate trans-
aminase (AST), alanine transaminase (ALT), lactate de-
hydrogenase (LDH) and alkaline phosphatase (ALP)
enzymes were estimated by spectrophotometric methods
using specific kits (Pars Azmun, Tehran, Iran). Ferric re-
ducing antioxidant power (FRAP) assay was carried out
as recommended by Benzie and Strain (1996) to evaluate
total antioxidant power in the cell lysate of the different
groups [21]. To evaluate lipid peroxidation, the malon-
dialdehyde level in the kidney cell lysate was measured
using the thiobarbituric acid reactive substances
(TBARS) method [22].

Determination of flavonoids
The percentage of flavonoids in plant extract was mea-
sured using rutin as a reference [23]. According to this
procedure, 1 ml of plant extract solution and 1 ml of
aluminium trichloride solution were pipetted into a
25 ml volumetric flask and made up with 95 % ethanol.
The absorbance was read at 415 nm after 40 min at 20 °C.
Blank samples were prepared from the mixture of 1 ml of
plant extract and 1 drop of diluted acetic acid. The ab-
sorbance of a reference solution, which was prepared by
using 1 ml of rutin solution instead of plant extract, was
read simultaneously. The percentage of flavonoids in plant
extracts was calculated by formula X = (A ×mo × 100 ×
10)/(Ao ×m× 100); where A is the absorbance of extract;
Ao is the absorbance of rutin; m is the weight of pure ex-
tract (g); mo is the weight of rutin (g).

Determination of flavonols
Series of reference rutin solutions containing 0.05, 0.1,
0.15, 0.2, 0.3, 0.4, and 0.5 mg/ml of rutin were prepared.
Two milliliters of such reference were mixed with 2 ml
of aluminium trichloride solution and 6 ml of sodium
acetate solution were added. The absorbance was read at
440 nm after 2.5 h at 20 °C and the calibration curve on
the dependence of the absorbency on the concentration
of rutin was drawn. Plant extract samples were prepared
under the same conditions by using 2 ml of extract in-
stead of rutin. All determinations were performed in
triplicate. The percentage of flavonols was calculated by
the formula X = (C × V × 100)/(m × 100), where C is the
concentration of rutin, determined from the calibration
curve (mg/ml); V is the volume of plant extract (ml); m
is the weight of pure plant extract (g).

Statistical analysis
Data are expressed as means ± SD. All determinations
performed in triplicate. Data was analyzed using One-
Way ANOVA with SPSS version 16 software (SPSS Inc.,

Chicago, IL, USA). The statistical significance of differ-
ences in mean levels of AST, ALT, LDH, etc. between
the control and treated groups was evaluated using Stu-
dent’s t-test. P-values of 0.05 or less were considered
significant.

Results
Administration of acetaminophen and/or rifampicin to
the experimental rats caused severe liver injury with con-
siderable increase in the levels of ALT, AST, ALP and
LDH. In acetaminophen hepatotoxic group, pre-treatment
of rats with B.vulgaris extract reduced enzymes level to
normal in a dose dependent manner (Table 1). This reduc-
tion was notable in case of AST enzyme. Treatments with
Z.jujuba extract dose-dependently and more effective than
B.vulgaris decreased liver enzymes level (Table 1). Pre-
treatment of rats with C.sativus extract (petal) with dosage
of 100 and 200 mg/kg showed a remarkable decrease in
the enzymes levels in comparison to acetaminophen hep-
atotoxic group. Pre-administration of rats with C.sativus
extract (stigma) has also manifested a considerable reduc-
tion in the enzymes levels. Rats that received petal and
stigma mixture (PS) had a reduction in liver enzymes
more than treatment alone. The last group which treated
with the mixture of Z.jujuba and B. vulgaris (ZB), showed
a decline in liver enzymes especially in AST level. Overall
pre-treatment of rats with high doses of the herbs extracts
alter the enzymes level to the normal status more effect-
ively. In this regard Z.jujuba alone and in mixture (ZB)
showed its effect more obviously (Table 1).
Administration of the herbs in rifampicin hepatotoxic

groups manifested the following results:
Pre-treatment of rats with B.vulgaris extract (100 and

200 mg/kg) exhibited only reduced level of AST, and re-
duction in ALT, ALP and LDH levels was not significant.
Administration of Z.jujuba extract (100 and 200 mg/kg)
showed a reduction in the levels of AST, ALP and LDH
enzymes. However, ALT level did not show much
change in treated group in comparison to rifampicin
control group. Pre-treatment of rats with C.sativus ex-
tract (petal) at dose of 100 mg/kg showed a decrease in
the ALT, AST and ALP enzymes levels. However, high
dose of petal manifested a more reduction in AST and
ALP enzymes. Pre-administration of rats with C.sativus
extract (stigma) has also manifested a considerable de-
crease in the liver enzymes levels (Table 2). Rats that re-
ceived petal and stigma mixture (PS) had a considerable
reduction in all liver enzymes especially AST level. The
last group which treated with ZB mixture showed a de-
cline in ALT, AST, ALP and LDH levels as well. This re-
duction was notable compared with PS mixture (Tale 2).
In general, pre-administration of rats with related herbs
extract at high dosage manifested better alteration in en-
zymes level and returned them to the normal status. In
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line with this, C.sativus extract (petal) more efficiently
returned the enzymes level to the normal status espe-
cially in case of ALT enzyme. However, Z.jujuba effect-
ively normalized the enzymes at dose of 200 mg/kg
alone and in ZB mixture compared with the other plants
(Table 2).
The effects of B.vulgaris, Z.jujuba, C.sativus (petals

and stigma), and their mixture pre-treatment on total
antioxidant capacity and lipid peroxidation in
acetaminophen-induced hepatotoxic rats were listed in

Table 3. As shown in Table 3, pre-treatment of the rats
with Z.jujuba extract (200 mg/kg) in comparison with
B.vulgaris extract (200 mg/kg) has increased the total
antioxidant capacity (TAC) as well as an effective reduc-
tion in the Malondialdehyde (MDA) level. Pre-
treatments of rats with petal and stigma of C.sativus
extract (200 and 80 mg/kg respectively) manifested that
stigma has risen the TAC more than petal in comparison
with control groups; furthermore, it has reduced the
MDA level more as well. Pre-administration of the rats

Table 1 Effects of the medicinal plants on liver enzymes in acetaminophen-induced hepatotoxic rats

Experimental groups ALT (U/L) AST (U/L) ALP (U/L) LDH (U/L)

Healthy Control 87 ± 12* 97 ± 9* 340 ± 37* 474 ± 29*

Healthy Control + silymarin 70 ± 8* 99 ± 13* 440 ± 45* 321 ± 27*

AIHa Control 480 ± 31 385 ± 32 745 ± 43 890 ± 47

AIH + B. vulgaris (100 mg/kg) 340 ± 21 170 ± 12* 370 ± 36* 560 ± 41*

AIH + B. vulgaris (200 mg/kg) 290 ± 14* 158 ± 11* 340 ± 32* 315 ± 19*

AIH + Z. Jujuba(100 mg/kg) 222 ± 18* 110 ± 10* 430 ± 27* 237 ± 21*

AIH + Z. Jujuba(200 mg/kg) 208 ± 21* 95 ± 12* 314 ± 39* 230 ± 24*

AIH + C. sativus (petal) (100 mg/kg) 225 ± 17* 162 ± 22* 416 ± 36* 710 ± 42*

AIH + C. sativus (petal) (200 mg/kg) 138 ± 9* 144 ± 11* 364 ± 16* 615 ± 34*

AIH + C. sativus (stigma) (40 mg/kg) 260 ± 13* 177 ± 18* 412 ± 28* 640 ± 31*

AIH + C. sativus (stigma) (80 mg/kg) 240 ± 19* 140 ± 15* 390 ± 29* 525 ± 35*

AIH + Silymarin 117 ± 12* 110 ± 17* 310 ± 21* 520 ± 37*

AIH +Mix (PS)b 119 ± 11* 105 ± 8* 320 ± 29* 510 ± 43*

AIH +Mix (ZB)b 107 ± 16* 75 ± 9* 310 ± 16* 350 ± 24*

In each column, *was considered significant at P < 0.05 when compared with the AIH group
aAIH: acetaminophen-induced hepatotoxic group
bZB: mixture of Z.jujuba and B.vulgaris in low dose, PS: mixture of C.sativus petals and stigma in low dose

Table 2 Effects of the medicinal plants on liver enzymes in rifampicin-induced hepatotoxic rats

Experimental groups ALT (U/L) AST (U/L) ALP (U/L) LDH (U/L)

Healthy Control 87 ± 12* 97 ± 9 340 ± 37 474 ± 29*

Healthy Control + silymarin 70 ± 8 99 ± 13* 440 ± 45* 321 ± 27*

RIHa Control 410 ± 31* 370 ± 32 720 ± 43 923 ± 47

RIH + B. vulgaris (100 mg/kg) 270 ± 17* 278 ± 21 440 ± 35* 610 ± 42*

RIH + B. vulgaris (200 mg/kg) 243 ± 9* 186 ± 13* 385 ± 29* 435 ± 27*

RIH + Z. Jujuba (100 mg/kg) 215 ± 18* 145 ± 16* 415 ± 29* 225 ± 21*

RIH + Z. Jujuba (200 mg/kg) 165 ± 17* 110 ± 12* 335 ± 31* 210 ± 22*

RIH + C. sativus (petal) (100 mg/kg) 220 ± 9* 201 ± 14* 420 ± 29* 690 ± 38*

RIH + C. sativus (petal) (200 mg/kg) 152 ± 7* 150 ± 13* 350 ± 25* 605 ± 28*

RIH + C. sativus (stigma) (40 mg/kg) 246 ± 14* 202 ± 21* 390 ± 33* 585 ± 39*

RIH + C. sativus (stigma) (80 mg/kg) 170 ± 11* 160 ± 9* 362 ± 24* 460 ± 34*

RIH + Silymarin 124 ± 10* 113 ± 15* 298 ± 23* 340 ± 27*

RIH + Mix (PS)b 121 ± 7* 125 ± 16* 315 ± 26* 295 ± 19*

RIH + Mix (ZB)b 109 ± 12* 94 ± 8* 295 ± 13* 310 ± 21*

In each column, *was considered significant at P < 0.05 when compared with the RIH group
aRIH: rifampicin-induced hepatotoxic group
bZB: mixture of Z.jujuba and B.vulgaris in low dose, PS: mixture of C.sativus petals and stigma in low dose
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with PS and also ZB showed a remarkable increase in
TAC along with a good reduction in MDA level. How-
ever, the effect of the ZB mixture is more obvious
(Table 3).
Oxidative stress status in rifampicin hepatotoxic group

and treatment with the medicinal plants are summarized
in Table 4. As shown in Table 4, a dramatic descend is
revealed in MDA level when the rats pre-treated with
the highest dosage of Z.jujuba, C.sativus (petals and
stigma), and also their mixture. Of note, a remarkable
rise is manifested in the total antioxidant capacity of the
highest dosage extractions compared with rifampicin-
induced hepatotoxic group (Table 4).
Total phenolic content assay showed high level of fla-

vonoids and flavonol in hydroalcoholic extracts of the
medicinal plants (Table 5). Among the three medicinal
plants, hydroalcoholic extract of C.sativus had the high-
est phenolic content with no significant difference. As
shown in Table 5, hydroalcoholic extract of B.vulgaris
had the lowest flavonoids and flavonols content.

Discussion
Beyond the period of years, a vast majority of experi-
mental studies and intervention trails revealed that trad-
itional herbs drugs have an important role in treatment

and prevention of liver diseases [24]. The present study
illustrated the protective property of C.sativus (petal and
stigma), Z.jujuba and B.vulgaris against acetaminophen
and rifampicin induced hepatic damage in rats. Acet-
aminophen and rifampicin overdoses caused acute liver
injury and fatal hepatic necrosis through inducing
oxidative stress or decreasing total antioxidant capacity
[25–29]. These chemical drugs are widely metabolized
by the liver and elevate multiple hepatic enzymes.
Hence, the cause of injury probably due to idiosyncratic
metabolic products that are either directly toxic or pro-
voke an immunologic feedback [4, 5]. Many researchers

Table 3 Effects of the medicinal plants on total antioxidant
capacity and lipid peroxidation in acetaminophen-induced
hepatotoxicity in rats

Experimental groups Total Antioxidant
Capacity (TAC) (μmol/l)

Malondialdehyde
(MDA) (μmol/l)

Healthy Control 760 ± 21* 1.9 ± 0.61*

Healthy Control + silymarin 756 ± 14* 2.1 ± 0.72*

AIHa Control 543 ± 16 5.4 ± 0.64

AIH + B. vulgaris (100 mg/kg) 557 ± 22 4.1 ± 0.32

AIH + B. vulgaris (200 mg/kg) 590 ± 18* 3.6 ± 0.43*

AIH + Z. jujuba (100 mg/kg) 598 ± 16 3.4 ± 0.12

AIH + Z. jujuba (200 mg/kg) 654 ± 17* 2.9 ± 0.21*

AIH + C. sativus (petal)
(100 mg/kg)

560 ± 14 3.2 ± 0.19

AIH + C. sativus (petal)
(200 mg/kg)

615 ± 24* 2.8 ± 0.17*

AIH + C. sativus (stigma)
(40 mg/kg)

595 ± 12 3 ± 0.21

AIH + C. sativus (stigma)
(80 mg/kg)

632 ± 21* 2.2 ± 0.32*

AIH + Silymarin 690 ± 17* 2.1 ± 0.19*

AIH +Mix (PS)b 682 ± 25* 2 ± 0.32*

AIH +Mix (ZB)b 695 ± 23* 2.1 ± 0.25*

In each column, *was considered significant at P < 0.05 when compared with
the AIH group
aAIH: acetaminophen-induced hepatotoxic group
bZB: mixture of Z.jujuba and B.vulgaris in low dose, PS: mixture of C.sativus
petals and stigma in low dose

Table 4 Effects of the medicinal plants on total antioxidant
capacity and lipid peroxidation in rifampicin-induced
hepatotoxicity in rats

Experimental groups Total Antioxidant
Capacity (TAC) (μmol/l)

Malondialdehyde
(MDA) (μmol/l)

Healthy Control 760 ± 21* 1.9 ± 0.53*

Healthy Control + silymarin 756 ± 14* 2.1 ± 0.32*

RIHa Control 460 ± 16 5.9 ± 0.64

RIH + B. vulgaris (100 mg/kg) 518 ± 21 4.6 ± 0.15

RIH + B. vulgaris (200 mg/kg) 554 ± 18* 3.4 ± 0.11

RIH + Z. jujuba (100 mg/kg) 540 ± 12 3.1 ± 0.19

RIH + Z. jujuba (200 mg/kg) 635 ± 14* 2.4 ± 0.17*

RIH + C. sativus (petal)
(100 mg/kg)

589 ± 12* 3.1 ± 0.22

RIH + C. sativus (petal)
(200 mg/kg)

632 ± 21* 2.3 ± 0.12*

RIH + C. sativus (stigma)
(40 mg/kg)

610 ± 17* 2.9 ± 0.19

RIH + C. sativus (stigma)
(80 mg/kg)

652 ± 25* 2.1 ± 0.32*

RIH + Silymarin 710 ± 23* 1.9 ± 0.25*

RIH + Mix (PS)b 675 ± 24* 2 ± 0.14*

RIH + Mix (ZB)b 690 ± 19* 1.9 ± 0.18*

In each column, *was considered significant at P < 0.05 when compared with
the RIH group
aRIH: rifampicin-induced hepatotoxic group
bZB: mixture of Z.jujuba and B.vulgaris in low dose, PS: mixture of C.sativus
petals and stigma in low dose

Table 5 Amounts of phenolic compounds, flavonoids and
flavonols in the extracts of three medicinal plants (GAE, gallic
acid equivalents; RE, rutin equivalents)

Extracts Total amount of
phenolic compounds
(mg/g GAE)

Amount of
flavonoids
(mg/g RE)

Amount of
flavonols
(mg/g RE)

Hydroalcoholic extract
of C.sativus

18.9 8.8 1.6

Hydroalcoholic extract
of Z.jujuba

18.2 9.2 1.4

Hydroalcoholic extract
of B.vulgaris

16.4 7.4 0.76
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have reported that natural products based antioxidants
support cells from oxidative stress and improve liver dis-
ease [30]. In the present study, we evaluated the antioxi-
dant and therapeutic potential of C.sativus (petal and
stigma), Z.jujuba and B.vulgaris extracts and their mix-
tures in animal model with acetaminophen and/or ri-
fampicin hepatoxicity.
Pre-treatment of hepatotoxic rats in acetaminophen

and also rifampicin groups, showed treatment with high
dose of the plants had more effects in improvement of
liver enzymes level. In acetaminophen groups, C.sativus
(petal) extract (200 mg/kg) had the greatest impact on
reducing enzyme ALT (Table 1). In line with our study,
Omidi et al., indicated that administration of C.sativus
(petal) extract balanced the levels of serum liver enzymes
in acetaminophen hepatotoxicity [3]. Furthermore, few
studies revealed that use of C.sativus (petal) at doses of
40 or 75 mg/kg in rats did not alter enzymes biomarkers
[31]. The hepato-protective effect of C.sativus (petal) is
due to scavenging the free radicals produced by
acetaminophen and rifampicin metabolism that cause
depletion of glutathione and subsequent hepatocyte
membrane damage. Moreover, C.sativus (stigma) extract
(80 mg/kg) decreased the elevated liver enzymes, but
could not normalized liver enzymes. When rats pre-
treated by mixture of petal and stigma extract (PS), they
act more effectively in returning the enzymes level to
the normal level.
Our study on B. vulgaris manifested that dose of 100

and 200 mg/kg extract reduced the related enzymes
levels in acetaminophen group more efficient than
rifampicin. Therefore, it has more favorable hepato-
protective effects on acetaminophen-induced hepa-
totoxicity. The extract of Z.jujuba notably in dose of
200 mg/kg showed good protection on hepatocytes and
normalized liver enzymes. Besides, prior administration
of B.vulgaris and Z.jujuba mixture (ZB) showed effective
changes on overall enzymes compared with B.vulgaris
and Z.jujuba alone (Table 1). This protection was not-
able in acetaminophen hepatotoxicity. Based on the re-
sults obtained from enzyme assay, it seems the
medicinal plants had the most protection in acetamino-
phen hepatotoxicity and Z.jujuba showed the most
hepato-protective effects.
The medicinal plants used in our study increased the

total antioxidant capacity level in rats that may be effect-
ive in neutralizing the reactive metabolites of acetamino-
phen and rifampicin. Pre-treatment of rats with
B.vulgaris extract showed the same protection effect in
both acetaminophen and rifampicin induced rats. Prior
administration of Z.jujuba and also C.sativus (both petal
and stigma) showed their antioxidant effects much bet-
ter in acetaminophen-induced Wistar rats. Furthermore,
mixture of C.sativus (petal and stigma) and also

B.vulgaris and Z.jujuba extract showed relatively the
same antioxidant protection in both acetaminophen and
rifampicin induced rats and more efficient in acetamino-
phen hepatotoxicity (Tables 3 and 4). According to pre-
vious data and the information of Table 5, it seems that
antioxidant capacity may be related to flavonoid, flavo-
nols and the phenolic compounds in hydroalcoholic ex-
tract of these three herbs which neutralize the reactive
oxygen species induced by acetaminophen and rifampi-
cin. Of note, C.sativus has the highest phenolic com-
pounds and total antioxidant capacity among these
herbal medicines which documented the aim of our
study more favorable. The results of the current study
support our claim that C.sativus (petal and stigma),
Z.jujuba and B.vulgaris plants shown proper hepato-
protective effects. It is speculated that antioxidant and
hepato-protective effects of these botanical extracts fun-
damentally linked to their phenol and flavonoid compo-
nents [32, 33]. Major progress has been made in
understanding the interaction between herbal drugs and
drugs metabolite and finally interaction with the liver.
Nonetheless, our knowledge of botanical drugs is still
limited and efforts to explicate them warranted their
importance.

Conclusion
Our results illustrated that C.sativus (petal, stigma),
Z.jujuba and B.vulgaris extracts, especially the mixed ex-
tract, markedly decreased the serum levels of liver en-
zymes in drug-induced hepatotoxicity. This effect was
notable in case of acetaminophen-induced hepatotoxicity.
The mixed component of B.vulgaris and Z.jujuba showed
the most effective impact on liver enzyme and as well as sig-
nificantly improved acetaminophen-hepatotoxicity. There-
fore, Z.jujuba and its mixture with the other plants
such as B.vulgaris may consider as novel targeting
therapy for drug-induced liver diseases.
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