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Abstract: The aim of the present study was to investigate the hepatoprotective and antioxidant effects of Lycium bar-
barum (LB) extract against paracetamol-induced acute oxidative stress and hepatotoxicity in rats. The subjects were 
divided into 6 groups of 8 rats each. The rats in the LB group were administered a dose of 100 mg/kg LB extract dis-
solved in saline via the intraperitoneal route for 7 days. Subsequently, after last dose of LB, PCT was given in a single 
dose of 1 g/kg diluted in saline via the oral route. Twenty-four hours later, blood samples were drawn from all of the 
subjects for serum Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Total antioxidant status (TAS) 
and Total oxidant status (TOS) tests, and liver tissue samples were obtained for histopathological evaluation. The 
mean TAS level of the group that was subjected to PCT intoxication was significantly lower than those of the other 
groups. Additionally, the mean TOS, Oxidative stress index (OSI), ALT and AST values were significantly higher in this 
group. Though the mean TAS level in the PCT + LB group was significantly higher than that of the PCT group, the TOS, 
OSI, ALT, and AST levels were significantly lower. When the PCT + LB group and the PCT only group were compared 
in terms of liver damage during the histopathological evaluation, a statistically significant difference was observed 
in Grade I and Grade III damage (P=0.013 and P=0.038, respectively). We conclude that Lycium barbarum extract 
leads to a significant improvement in PCT-induced acute hepatotoxicity in terms of the histopathological results, 
serum oxidative stress parameters, and serum liver function marker enzymes.
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Introduction

Acetaminophen (N-acetyl-p-amino-phenol, AP- 
AP), also known as paracetamol (PCT), is a drug 
with analgesic and antipyretic properties that 
can be safely used in therapeutic doses. How- 
ever, overdoses of PCT may cause severe liver 
damage both in humans and experimental ani-
mal models [1]. The pharmacokinetics of acet-
aminophen show that approximately 90% of 
the oral dose is converted into its sulfate and 
glucuronide metabolites in the liver before it is 
excreted in the urine. Of the remaining part, 8% 
is metabolized into the more toxic N-acetyl-p-
benzoquinone imine (NAPQI) via cytochrome 
p450 [2]. NAPQI covalently binds to the hepato-

cellular proteins and renders the cells more vul-
nerable to oxidative stress [3, 4].

In the treatment of PCT toxicity, increasing the 
antioxidant concentration to prevent tissue 
damage associated with the increased oxida-
tive stress plays an important role [5-7]. Used 
for this purpose, N-acetylcysteine (NAC) re- 
stores the glutathione (GSH) stores in the liver 
cells and leads to the detoxification of NAPQI 
and reduction of reactive oxygen species [8, 9].

Historically consumed as a “super food” among 
the population, LB has become more popular  
in recent years as a beneficial nutrient and  
antioxidant (UK Food Standard Agency, http://
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www.food.gov.uk/news/news archive//jun/go- 
ji/). The bio-efficiency of LB arises from the 
polysaccharide complex with various fractions 
in its content. Recent studies have indicated  
a number of anti-aging, neuroprotective, anti-
fatigue/endurance-increasing, and anti-oxidant 
biological effects of LB extract and the polysac-
charides contained within it, which act as active 
ingredients, leading to increased metabolism, 
better glucose control in diabetes and a posi-
tive influence on glaucoma, immune-modula-
tion, anti-tumor activity and cytoprotection [10, 
11].

The aim of the present study was to investigate 
the hepatoprotective and antioxidant effects  
of Lycium barbarum (LB) extract against 
paracetamol-induced acute oxidative stress 
and hepatotoxicity in rats.

Materials and methods

Preparation of the Lycium barbarum extract

To prepare the LB extract, 50 g of shade-dried, 
ground LB was soaked in 500 ml of ethanol for 
7 days at ambient temperature. The mixture 
was filtered, and the obtained mass was desic-
cated to obtain 2 g of the extract [12]. The 
extraction of LB using ethanol yielded an 
extract with a high concentration of polysac-
charides [13, 14].

Animals and the study protocol

For the purposes of this experimental study, 48 
males Wistar Albino rats weighing 250-300 
grams, which were maintained at the Dicle 
University Health Sciences and Research 
Center (Diyarbakir, Turkey), were randomized 
into 6 groups. The rats were kept in wooden 
cages (14×9×8 cm) and were handled in a 
humane manner. Before beginning the experi-
ment, all rats were supplied with standard rat 
chow and water ad libitum. The cages were 
located in an air-conditioned room maintained 
at 21°C, and light/dark cycles were alternated 
every 12 hours. The rats were fasted before the 
beginning of the experiment. The approval of 
the Dicle University Ethics Committee for 
Animal Studies (Diyarbakir, Turkey, 2013/35) 
was granted before the study.

The rats were divided into 6 groups with 8 rats 
in each group:

Control group: (distilled water; 10 ml/kg, 
perorally).

PCT group: The rats in this group received a 
single 1 g/kg oral dose of PCT diluted in saline 
through a gastric tube [15].

LB group: These rats were administered 100 
mg/kg [16] of LB extract dissolved in saline 
through the intraperitoneal route for 7 days.

PCT + NAC group: Two hours after the adminis-
tration of PCT, a single dose of 1.5 g/kg NAC 
[17] was administered intraperitoneally.

PCT + LB group: The rats in this group received 
100 mg/kg of LB extract dissolved in saline 
through the intraperitoneal route for 7 days. 
Subsequently, they were administered PCT 
diluted in saline through a gastric tube in a sin-
gle dose of 1 g/kg perorally.

PCT + NAC + LB group: These rats received 100 
mg/kg LB extract dissolved in saline through 
the intraperitoneal route for 7 days. They were 
administered a single 1 g/kg oral dose of PCT 
diluted in saline through a gastric tube. After 
two hours, they were administered a single 
dose of 1.5 g/kg NAC intraperitoneally.

Drug administration and collection of the 
samples

Twenty-four hours after the administration of 
PCT, all rats were anesthetized with ketamine 
hydrochloride (50 mg/kg via the intramuscular 
route). The rats were placed in a supine posi-
tion for the surgical procedure. A laparotomy 
was performed through a midline incision, and 
liver tissue biopsies and blood samples were 
obtained. At the end of the procedure, all rats 
were euthanized by exsanguination.

Biochemical analysis and oxidant-antioxidant 
parameters

Biochemical parameters: The maximum volu- 
me of blood was obtained through the int- 
racardiac route and centrifuged, and the sera 
were stored at -70°C until the biochemical anal-
ysis. The serum aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) val-
ues were determined in U/L using the Abbott 
Architect c16000 Autoanalyzer.

The TAS level of the supernatant phase was 
analyzed using the novel automated measure-
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ment method developed by Erel [18]. Using this 
method, the most potent biological radical - the 
hydroxyl radical-is produced. In this assay, the 
ferrous ion solution in Reagent 1 is mixed with 
the hydrogen peroxide in Reagent 2. The 
sequentially produced radicals, including the 
brown-colored dianisidinyl radical cation pro-
duced by the hydroxyl radical, are also potent 
radicals. This method helps to measure the 
antioxidative effect of the sample against the 
potent free radical reactions initiated by the 
hydroxyl radical that is produced. The precision 
of the assay is within 3%. The obtained results 
are expressed as μmol H2O2 equivalent/L.

In the supernatant fractions, the TOS levels 
were measured by the novel automated mea-
surement method developed by Erel [19]. In 

this method, the oxidants in the sample oxidize 
the ferrous ion-o-dianisidine complex to ferric 
ions. The glycerol molecules, which are present 
in high amounts in the reaction medium, con-
tribute to the oxidation reaction. In an acidic 
medium, the ferric ion leads to the formation of 
a colored complex with xylenol orange. The 
color intensity is measured by a spectropho-
tometer and depends on the total amount of 
oxidant molecules in the sample. Hydrogen  
peroxide is used to calibrate the assay, and  
the results are expressed in mmol Trolox 
equivalent/L.

OSI was defined as the percentage ratio of  
the TOS level to the TAS level. The calculation  
of the OSI value was based on the following for-
mula: OSI (Arbitrary Units) = TOS (mmol Trolox 

Figure 1. The histopathological evaluation of liver damage in each group. A: Control group, hepatic lobule (H&E, 
100×); B: PCT group, massive hepatic lobule injury (H&E, 100×); C: LB group, protected hepatic lobule (H&E, 100×); 
D: PCT + NAC group, moderate hepatic lobule injury (H&E, 100×); E: PCT + LB group, moderate hepatic lobule injury 
(H&E, 100×); F: PCT + NAC + LB group, moderate hepatic lobule injury (H&E, 100×).
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equivalent/L)/TAC (μmol H2O2 equivalent/L) 
[20]. The results are expressed as Arbitrary 
Units.

Histopathological evaluation of liver damage

The tissue specimens were fixed in 10% forma-
lin for 48 hours. Subsequently, they were 
embedded in paraffin and cut into 5 μm cross-
sections. The slides were stained with hema-
toxylin-eosin. A liver pathologist blinded to the 
animal groups examined the cross-sections for 
hepatic injury under a light microscope with 
100× or 200× magnification. Hepatic injury 
was classified as grade 0: minimal or no evi-
dence of injury; grade 1: mild injury character-
ized by cytoplasmic vacuolization and focal 
nuclear pyknosis; grade 2: moderate injury 
exhibiting cytoplasmic vacuolization, confluent 
areas of hepatocyte ballooning but no frank 
necrosis, sinusoidal dilatation and congestion, 
and blurring of intercellular borders; grade 3: 
moderate to severe injury with areas of coagu-
lative necrosis, cytoplasmic hypereosinophilia, 
extensive sinusoidal dilatation and congestion; 
grade 4: severe injury consisting of severe con-
fluent coagulative necrosis and disintegration 
of and hemorrhage into hepatic chords leading 
to a loss of tissue architecture [21]. The results 

was used to compare the categorical variables 
of the groups. The median values of numerical 
parameters of the study groups were compared 
using the nonparametric Kruskal-Wallis test. A 
Mann-Whitney U-test was used for pairwise 
comparisons. Spearman’s correlation test was 
employed to evaluate the correlations between 
the numerical variables. A p value below 0.05 
was considered statistically significant.

Results

Biochemical parameters

When all of the groups were compared in terms 
of the serum AST, ALT, TOS, TAS and OSI (%) 
index, a statistically significant difference was 
observed between the groups. The mean serum 
AST, ALT, TOS, TAS and OSI index values are pre-
sented in Table 1.

When the groups in our study were assessed 
regarding the histopathological changes:

No statistically significant difference was 
observed between the PCT + LB group and the 
PCT + LB + NAC group. There was a statistically 
significant difference between the PCT group 
and the PCT + NAC group regarding Grade I and 
Grade III liver damage (P=0.013 and P=0.038, 
respectively).

Table 1. The mean serum AST, ALT, TOS, TAS and OSI index values of the groups
Parameters CONTROL PCT LB PCT + NAC PCT + LB PCT + NAC + LB p
AST (IU/L) 244.1±221.2 3452.9±991.4 131.1±16.6 734.3±433.4 678.8±624.7 702.8±646.0 <0.001

ALT (IU/L) 80.1±45.4 3529.2±918.9 51.2±9.4 686.0±417.9 316.0±338.4 431.3±556.2 <0.001
TOS (mmol/L) 80.0±93.1 218.6±166.4 35.2±13.2 102.9±60.3 51.1±48.8 71.6±53.5 0.02

TAS (µmol/L) 3.5±0.3 1.6±0.3 3.3±0.2 3.1±0.8 3.7±0.4 3.2±0.6 <0.001
OSI (%) 2.3±1.9 14.5±9.7 3.3±1.7 3.2±1.4 1.3±1.1 2.2±1.7 <0.001
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TOS: Total oxidant status; TAS: Total antioxidant status; OSI: Oxidative stress 
index; PCT: Paracetamol; LB: Lycium barbarum; NAC: N-acetylcysteine.

Table 2. Number of rats in each group according to histopatho-
logical grade
Pathological 
Grade

Groups
Control PCT LB PCT + NAC PCT + LB PCT + NAC + LB

(0) 8 0 8 0 2 0
(I) 0 0a,b 0 5 6 5
(II) 0 4a 0 3 0 3
(III) 0 4a,b 0 0 0 0
aSignificantly different compared with the PCT+LB group; For Grades I, II and III, 
P=0.003, P=0.038, and P=0.038, respectively. bSignificantly different compared 
with the PCT+NAC and PCT+NAC+LB groups: For Grades I and III, P=0.013 and 
P=0.038, respectively.

of the histopathological staging 
of the liver tissues are shown in 
Figure 1.

Statistical analysis

The statistical analyses were 
performed using the SPSS for 
Windows 11.0 (SPSS Inc., Chi- 
cago, IL, USA) software pack-
age. The categorical data was 
shown as percentages and the 
numerical data were presented 
as the median (minimum-maxi-
mum) values. A chi-square test 



Efficacy of LB extract on liver damage after paracetamol overdose

7902 Int J Clin Exp Med 2015;8(5):7898-7905

No statistically significant difference was found 
between the PCT + NAC group and the PCT + 
NAC + LB group. A statistically significant differ-
ence was observed between the PCT group and 
the PCT + NAC + LB group regarding Grade I 
and Grade III liver damage (P=0.013 and 
P=0.038, respectively).

No statistically significant difference was 
observed between the PCT+NAC group and  
the PCT + LB group. A statistically significant 
difference was found between the PCT group 
and the PCT + LB group in terms of Grade I, II 
and III liver damage (P=0.003, P=0.038, and 
P=0.038, respectively).

The number of rats with hepatic damage in 
each group according to the histopathological 
grade is presented in Table 2.

effects of various natural herbal extracts with 
antioxidant properties on organ damage asso-
ciated with various causes have been pub-
lished. Epigallocatechin gallate in green tea 
[22], the coprinus comatus fungus [23], and 
ginsan obtained from panax ginseng [24] can 
be mentioned among these substances.

LB extract has been profoundly investigated in 
recent years. These studies have suggested 
anti-oxidant, anti-aging, anti-tumor, and imm- 
une stimulating effects of LB extract. These 
effects are associated with various agents 
including beta carotene, riboflavin, ascorbic 
acid, thiamine cerebroside and betaine [25-
29]. Additionally, the anti-oxidant protective 
effects of LB extract on the cellular damage 
that develops in the liver, eyes, small intestine 
and kidney have also been studied [30-33].

Table 3. Statistical comparison of the groups according to 
AST, ALT, TAS, TOS and OSI values
Groups PCT LB PCT + NAC PCT + LB PCT + NAC + LB
Control TAS*** TAS TAS TAS TAS

TOS** TOS TOS TOS TOS
OSI*** OSI OSI OSI OSI
AST*** AST AST AST AST
ALT*** ALT ALT ALT ALT

PCT TAS*** TAS*** TAS*** TAS***
TOS*** TOS* TOS*** TOS**
OSI*** OSI* OSI*** OSI**
AST*** AST*** AST*** AST***
ALT*** ALT*** ALT*** ALT***

LB TAS TAS TAS
TOS TOS TOS
OSI OSI OSI
AST AST AST
ALT ALT ALT

PCT+NAC TAS* TAS
TOS TOS
OSI OSI
AST AST
ALT ALT

PCT+LB TAS
TOS
OSI
AST
ALT

*P<0.05, **P<0.01, and ***P<0.001. AST: Aspartate aminotransferase; 
ALT: Alanine aminotransferase; TOS: Total oxidant status; TAS: Total anti-
oxidant status; OSI: Oxidative stress index; PCT: Paracetamol; LB: Lycium 
barbarum; NAC: N-acetylcysteine.

The mean TAS level of the PCT 
group was significantly lower than 
those of the other groups. Addi- 
tionally, the mean TOS, OSI, ALT 
and AST values were significantly 
higher in the PCT group.

Though the mean TAS level in the 
PCT + LB group was significantly 
higher than that in the PCT group, it 
was similar to the levels in the PCT 
+ NAC and PCT + NAC + LB groups. 
In addition, the TOS, OSI, ALT, AST 
levels in PCT + LB group were sig-
nificantly lower than those in PCT 
group 2, whereas they were similar 
to those in the PCT + NAC and PCT 
+ NAC + LB groups.

A statistical comparison of the 
mean serum AST, ALT, TAS, TOS 
and OSI values of all groups in the 
study is presented in Table 3 along 
with the p values.

Discussion

Our study shows the efficiency of 
LB extract in the prevention of liver 
damage due to PCT intoxication. 
This efficiency has been demon-
strated with respect to histopatho-
logical evaluations, biochemical 
analyses and oxidative stress 
markers.

In the last 10 years, a number of 
studies focusing on the protective 
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After ingestion, approximately 90% of PCT is 
transformed into its sulfate and glucuronide 
metabolites in the liver, which are excreted in 
the urine. The remaining 8% of PCT is trans-
formed into the more toxic metabolite N-acetyl-p 
benzoquinone imine (NAPQI) by cytochrome 
p450. When the glutathione (GSH) stores are 
depleted [34], NAPQI bonds with cysteine in the 
hepatocytes, which leads to oxidative damage 
and hepatocellular centrilobular necrosis [35]. 

AST and ALT are released into the circulation 
from the damaged hepatocytes. Therefore, the 
classical laboratory evidence of hepatotoxicity 
is elevated AST and ALT levels [36].

In various studies, acetaminophen has been 
demonstrated to cause tissue lipid peroxida-
tion, enzymatic inactivation, and oxidative dam-
age, which also targets the antioxidant defense 
systems of the hepatocytes. Additionally, the 
oxidant parameters have been shown to 
increase and the antioxidant parameters have 
been found to decrease subsequent to oxida-
tive damage due to acetaminophen intoxication 
[37, 38]. In our study, an increase in the serum 
TOS levels, a decrease in the serum TAS levels, 
and an associated significant increase in the 
OSI levels were observed in the PCT group.

NAC - a precursor of cysteine-is a standard 
therapeutic agent used to prevent or reduce 
the liver damage caused by PCT [39]. Due to its 
known antioxidant properties, NAC is also used 
for various types of liver injury [40]. In this 
study, the TOS levels were decreased, the TAS 
levels were increased, and the OSI levels were 
significantly increased in the PCT + NAC group 
compared to the PCT group. Additionally, the 
ALT and AST levels in the PCT + NAC group were 
significantly lower. Finally, the histopathological 
evaluation revealed that the liver damage in the 
PCT + NAC group was significantly milder than 
that in the PCT group. This is an indication of 
the efficacy of NAC treatment in our study. This 
study has histopathologically demonstrated 
the protective effect of the LB extract on PCT 
intoxication. This protective effect has been 
verified through oxidative parameters and the 
ALT-AST levels. The PCT + LB group was similar 
to the PCT + LB + NAC group with respect to  
all parameters. This result indicates the lack  
of a synergistic effect between the two 
antioxidants.

In conclusion, LB extract is an efficient agent 
for prevention of the hepatotoxic effects of PCT 

intoxication. Future clinical studies may provide 
stronger evidence for the practical uses of this 
agent for both protection and treatment pur-
poses in daily practice.
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