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Abstract Little is known about the effective role of

Hypericum perforatum on hepatic ischemia–reperfu-

sion (I/R) injury in rats. Hence, albino rats were

subjected to 45 min of hepatic ischemia followed by

60 min of reperfusion period. Hypericum perforatum

extract (HPE) at the dose of 50 mg/kg body weight

(HPE50) was intraperitonally injected as a single dose,

15 min prior to ischemia. Rats were sacrificed at the

end of reperfusion period and then, biochemical

investigations were made in serum and liver tissue.

Liver tissue homogenates were used for the measure-

ment of malondialdehyde (MDA), catalase (CAT) and

glutathione peroxidase (GPx) levels. At the same time

alanine aminotransferase (ALT), aspartate amino-

transferase (AST) and lactate dehydrogenase (LDH)

were assayed in serum samples and compared

statistically. While the ALT, AST, LDH activities

and MDA levels were significantly increased, CAT

and GPx activities significantly decreased in only I/R-

induced control rats compared to normal control rats

(p \ 0.05). Treatment with HPE50 significantly

decreased the ALT, AST, LDH activities and MDA

levels, and markedly increased activities of CAT and

GPx in tissue homogenates compared to I/R-induced

rats without treatment–control group (p \ 0.05). In

oxidative stress generated by hepatic ischemia–reper-

fusion, H. perforatum L. as an antioxidant agent

contributes an alteration in the delicate balance

between the scavenging capacity of antioxidant

defence systems and free radicals in favour of the

antioxidant defence systems in the body.
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Introduction

Hepatic ischemia–reperfusion (I/R) injury is an

important pathological process leading to systemic

and hepatic damage after circulatory shock, hepatic

trauma, transplantation or hepatic surgery (Daglar

et al. 2009). Hepatic I/R injury is a result of a series of

complex mechanisms including free oxygen radicals

activated by energy depletion and failure of oxygen

delivery to the vital tissues in the ischemic period

(Yaylak et al. 2008).
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The increased production of reactive oxygen spe-

cies (ROS) during I/R injury results in consumption

and depletion of endogenous antioxidants. In this

situation, the cells require exogenous antioxidant to

protect them from ROS-induced damage (Korkmaz

and Kolankaya 2010).

For several years, medicinal plants have been used

in developing countries as alternative treatments and

they are an important aspect of health management

(Noumi et al. 2010; Jin et al. 2013). Many plant

extracts and their components like essential oils,

flavonoids and phenolic compounds isolated from

plants have been shown to exert biological activity

such as anti-microbial, anti-inflammatory, antidepres-

sant and antioxidant activity (Mukherjee et al. 2000;

Noumi et al. 2010; Ebrahimzadeh et al. 2010).

Especially, phenolic compounds have been reported

to have a capacity to scavenge free radicals and their

antioxidant activities are mainly due to their redox

properties, which allow them to act as reducing agents,

hydrogen donators and singlet oxygen quenchers

(Padma et al. 2011).

The genus Hypericum L., a member of the Guttiferae

(Hypericaceae) family, contains about 400 species in

the world, about 80 species in Turkey, all are small

herbaceous perennials. From a medicinal viewpoint,

Hypericum perforatum L. (HP) is the major species of

this genus (Ozturk et al. 2009). HP popularly called St.

John’s wort (Coskun et al. 2006), is one of the most

important pharmaceutical herbs and its extract contains

flavonoids and phenolic acids, which have been

demonstrated exerting very efficient anti-inflammatory

effects and a free radical scavenging activity in animal

model of acute inflammation (Castro et al. 2012). In

Turkey, HP is used as medicine against ulcers, diabetes

mellitus, common cold, gastrointestinal disorders,

jaundice, hepatic and biliary disorders (Uzbay et al.

2007). Also, this plant generally used in the treatment of

depression in many countries and recent research show

that antidepressants have antioxidant effects against

immobilization stress (Ozturk et al. 2007; Sagratini

et al. 2008; Arokiyaraj et al. 2011). In 1992, Ozturk

et al. have reported hepatoprotective activity of its

alcoholic extracts on rodent species (Ozturk et al. 1992).

Also, HP has been reported to possess marked antimi-

crobial, antiviral, antitumoral and anti-HIV/anti-AIDS

activities (Ozturk et al. 2007).

To our knowledge, there are few studies about the

hepatoprotective effects of Hypericum perforatum

extract (HPE) as an antioxidant agent against liver

injury. Hence, the purpose of the present study was to

examine the protective role of HPE against I/R injury

in rat liver. For this aim, malondialdehyde (MDA)

levels, catalase (CAT) and glutathione peroxidase

(GPx) activity in the liver tissue homogenates and

alanine aminotransferase (ALT), aspartate amino-

transferase (AST) and lactate dehydrogenase (LDH)

activities in the serum were measured and compared

statistically.

Materials and methods

Plant materials

Hypericum perforatum L. was collected from Türkmen

Mountains, upper parts of Kalabak, 1300m, Eskişehir,

Turkey (OUFE (Eskişehir Osmangazi University Her-

baria Catalog Number) 10337). The plant was identi-

fied according to Flora of Turkey and the East Aegean

Islands (Robson 1967, 1988; Donmez 2000).

Preparation of extracts

Extraction procedures were applied as described

elsewhere (Ozturk et al. 2009). Dried leaves of H.

perforatum L. were ground and extracted with petro-

leum ether in a Soxhlet apparatus. Fat-free air-dried

material was extracted with methanol: water (70:30,

v/v) at 40 �C, 30 min four times. The extract was

concentrated to dryness in vacuum and the aqueous

solution was lyophilized.

Animals

Twenty-one adult Sprague-Dawley rats (weighing

210–230 g) were provided from TICAM (Medical

and Surgical Experimental Research Centre, Eskisehir

Osmangazi University). They were housed in poly-

carbonate cages in an air-conditioned room (lights on

7 a.m.–7 p.m., 22 ± 2 �C and 45–50 % humidity) and

were fed with laboratory pellet chow and water was

given ad libitum during the experimental period. All

procedures were conducted in conformity with the

Institutional Ethical Committee for Animal Care and

Use at Eskisehir Osmangazi University (Protocol No.:

157/2010) and the international guidelines on the

ethical use of animals (NIH publications no.: 80–23).
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Experimental protocols

The rats were randomly divided into three groups

(each containing 7 animals);

Group 1: Normal control (NC) was made up of non-

operated rats that received no treatment,

Group 2: I/R control (I/R-C or I/R ? saline) were

operated rats with no treatment,

Group 3: (I/R ? HPE50) were operated rats that

received single dose 50 mg/kg bw HPE,

HPE solutions used for the treatment were intraper-

itoneally (ip) injected as a single dose (dissolved in saline,

2 ml/kg bw volume), 15 min before ischemia operation.

In all surgical operations; the rats were anesthetized with

intramuscular injection of ketamine hydrochloride at the

dose of 70 mg/kg bw (Ketalar, Eczacibasi Turkey) and

xylazine hydrochloride at the dose of 10 mg/kg bw

(Rompun, Bayer, Istanbul, Turkey).

Under anaesthesia, a midline laparotomy was made

using minimal dissection. Total hepatic ischemia was

induced for 45 min by clamping the hepatic artery, the

portal vein, and the bile duct using a vascular clamp.

During the period of ischemia 0.5 ml of saline was

given ip. Albino rats were subjected to 45 min of

hepatic ischemia followed by 60 min of reperfusion

period (Sener et al. 2003).

Biochemical analysis

In present study, biochemical investigations were made in

serum and liver tissue. The ALT, AST and LDH levels in

serum were immediately measured with a commercial kit

(Biolabo, Maizy, France) using an auto analyzer (Airone

200 RA; Crony Instruments, Rome, Italy). The serum

ALT, AST and LDH levels were expressed as ‘‘U/L’’.

MDA was measured by thiobarbituric acid reaction

as a lipid peroxidation product according to the

method of Uchiyama and Mihara (1978). CAT activity

was determined using ammonium molybdate–hydro-

gen peroxide reaction as described previously by Góth

(1991). The amount of total protein in the tissue was

measured with a total protein kit that was prepared

according to the Biuret method. The hepatic MDA

level and CAT activity were expressed as ‘‘nmol/g

protein’’ and ‘‘KU/g’’, respectively. GPx activity was

determined using cellular assay kit (Calbiochem�,

Darmstadt, Germany and Cat. No.: 354104). The

principle of this kit is the following; it consists of a

spectrophotometric assay kit where glutathione per-

oxidase activity is quantitated by measuring the

change in absorbance at 340 nm caused by the

oxidation of NADPH. GPx was expressed as mU/ml.

Statistical analysis

The results were expressed as the mean ± standard

error of seven animals per group. One way analysis of

variance (ANOVA) and Tukey test were used for the

analysis and comparison of data within and between

groups (SPSS 11.0 for windows). Differences were

considered significant at p \ 0.05.

Results

The results of this study of the protective effect of HPE

at the dose of 50 mg/kg bw against hepatic ischemia–

reperfusion injury in rats are presented in Tables 1 and

2.

Changes in serum ALT, AST and LDH levels

As shown in Table 1, in ischemia–reperfusion groups,

treatment with HPE at the dose of 50 mg/kg bw

significantly decreased the ALT, AST and LDH levels

Table 1 The ALT, AST and LDH activities in serum of rats treated with H. perforatum L. or saline

Experimental groupsc ALT (U/L) AST (U/L) LDH (U/L)

NC 46.38 ± 5.92 65.38 ± 4.02 157.03 ± 27.44

I/R-C or I/R ? saline 868.12 ± 39.22a 522.55 ± 53,96a 2648.25 ± 245.95a

I/R ? HPE50 402.66 ± 24.48a,b 302.62 ± 18.59a,b 1454.48 ± 202.44a,b

Date are mean ± SE values (n = 7)

p \ 0.05, significantly different from the a NC group and b I/R-C group by Tukey’s multiple range tests
c For details, see ‘‘Materials and methods’’ section
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in the serum (p \ 0.05). Although administration of

HPE significantly reduced the serum ALT (53.61 %),

AST (42.09 %) and LDH (45.08 %) levels, the values

were not restored to the same levels as those of the NC

group.

Changes in liver tissue MDA levels

Liver tissue MDA level in the I/R ? HPE50 group was

significantly lower than I/R-C group (p \ 0.05).

Although administration of HPE at the dose 50 mg/kg

bw significantly reduced the tissue MDA levels

(35.20 %), the values were not restored to the same

levels as those of the NC group (Table 2).

Changes in liver tissue CAT and GPx activities

In ischemia–reperfusion groups, HPE at the dose of

50 mg/kg bw significantly increased (p \ 0.05) CAT

and GPx activities in the liver. Not only administration

of HPE at the dose of 50 mg/kg bw significantly

increased the tissue CAT (97.63 %) and GPx

(55.75 %) activities in the liver, but also the values

were restored to the same levels as those of the NC

group (Table 2).

Discussion

Free radicals are generated naturally and are believed

to be critically involved in several disease states,

including drug-associated toxicity, ischemic disease

and complications resulting from transplantation. In

particular, oxygen-derived free radicals induced by

ischemia–reperfusion have been studied as a contrib-

uting cause of cellular injury in the lung, intestine,

liver etc. (Iwamoto et al. 2002). Also, oxidative stress

means an alteration in the delicate balance between

free radicals and the scavenging capacity of antioxi-

dant enzymes in favour of free radicals in the body

systems (Avci et al. 2012).

I/R frequently is encountered during liver trans-

plantation and hepatectomies performed under vascu-

lar exclusion. Restoration of blood flow after a period

of liver ischemia is associated with a series of events

that aggravate the ischemic injury (Smyrniotis et al.

2005).

The implicated factors include free oxygen radicals,

leukocyte migration and activation, microcirculatory

abnormalities, sinusoidal endothelial cell damage,

activation of the coagulation cascade, Kupffer cell

activation due to the release of inflammatory cyto-

kines, and proteolytic enzymes (Kucuk et al. 2009).

During the ischemic period, adenosine triphosphate

is catabolized to hypoxanthine, which then accumu-

lates in the tissues. Xanthine dehydrogenase, which is

highly concentrated in the venous endothelium and

tissue, is converted to xanthine oxidase (XO) via a

protease. Due to the large amount of oxygen influx

during reperfusion, XO catalyzes the conversion of

hypoxanthine to xanthine, and simultaneously gener-

ates superoxide (Iwamoto et al. 2002).

To control the detrimental effects of ROS (espe-

cially superoxide), besides inhibiting its production,

organisms have developed a variety of antioxidant

defence systems, especially the endogenous antioxi-

dant enzymes (Seth et al. 2000; Wu et al. 2011; Wang

et al. 2011), such as SOD (which dismutes superoxide

to hydrogen peroxide, which is the first step of the

antioxidant pathway), heme-containing CAT and/or

the selenoenzyme GPx (which catalyses hydrogen

peroxide conversion to water, the second step of the

antioxidant pathway) (el Jihen et al. 2009; Kim et al.

2009). In general, while GPx is more important than

CAT in removing hydrogen peroxide, CAT has a

predominant role at least in peroxisomes where it is

Table 2 The CAT, GPx activities and MDA levels in liver tissue of rats treated with H. perforatum L. or saline

Experimental groupsc MDA (nmol/g protein) CAT (KU/g) GPx (mU/ml)

NC 12.48 ± 2.08 7.02 ± 1.26 30.62 ± 4.56

I/R-C or I/R ? saline 34.44 ± 2.92a 3.38 ± 1.19a 17.99 ± 4.18a

I/R ? HPE50 22.32 ± 2.75a,b 6.68 ± 1.32b 28.02 ± 4.47b

Date are mean ± SE values (n = 7)

p \ 0.05, significantly different from the a NC group and b I/R-C group by Tukey’s multiple range tests
c For details, see ‘‘Materials and methods’’ section
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concentrated (Kim et al. 2009). Also, overexpression of

GPx has been shown to be protective against oxidative

stress in cultured cells and whole animals (Day 2009).

In I/R injury, ROS exerts a central role in the injury

of cellular membranes leading to lipid peroxidation in

ischemic organs (Daglar et al. 2009). Endothelial cells,

as well as Kupffer cells, primarily generate oxygen

radicals by NADPH oxidase after hepatic I/R. MDA,

which is one of the stable end-products of lipid

peroxides, is produced from cell membrane destruc-

tion by oxygen radicals. Therefore, MDA is consid-

ered as a marker of oxygen radicals and lipid

peroxidation of endothelial cells (Nakano et al.

2009) or a sensitive index to assess lipid peroxidation

(Daglar et al. 2009). In the present study, ischemia–

reperfusion resulted in a significantly elevated MDA

level and markedly decreased CAT and GPx activity.

These results support the hypothesis that the lipid

peroxidation process causes liver cell damage during

I/R. Treatment with HPE at the dose 50 mg/kg bw

significantly ameliorated the rise in tissue MDA, the

decrease in CAT and GPx activity (Table 2). Improve-

ment of liver functions indicates the suppression of

oxygen radicals by treatment of HPE effectively

inhibited the lipid peroxidation of endothelial cells

and thereby preserved liver function.

Enzymes such as ALT, AST, and LDH are used as

markers of cellular damage following hepatic I/R

injury. In various studies, it has been shown that the

serum concentrations of these enzymes increase in

proportion with the duration of ischemia (Kucuk

et al. 2009). In the present study following I/R injury

the serum ALT, AST and LDH levels of the I/R-

HPE50 were significantly lower than those of the I/R-

C group (Table 1). This suggests that HPE protects

liver tissue against ischemia/reperfusion damage.

This effect of HPE after I/R injury may be due to

protection of sinusoidal endothelial cells, which are

the first target, and due to improvement of sinusoidal

blood flow by HPE.

In conclusion, oxidative stress results from an

oxidant/antioxidant imbalance, an excess of oxidants,

and/or a depletion of antioxidants (De Paola et al.

2005). In oxidative stress generated by hepatic ische-

mia–reperfusion, H. perforatum L. as an antioxidant

agent contributes an alteration in the delicate balance

between the scavenging capacity of antioxidant

defence systems and free radicals in favour of the

antioxidant defence systems in the body.
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De Paola R, Muià C, Mazzon E, Genovese T, Crisafulli C,

Menegazzi M, Caputi AP, Suzuki H, Cuzzocrea S (2005)

Effects of Hypericum perforatum extract in a rat model of

ischemia and reperfusion injury. Shock 24:255–263

Donmez AA (2000) Hypericum L. In: Guner A, Ozhatay N,

Ekim T, Baser KHC (eds) Flora of Turkey and the East

Aegean Islands, vol 11. Edinburgh University Press,

Edinburgh, pp 71–72

Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Bahramian F, Be-

khradnia AR (2010) Antioxidant and free radical scav-

enging activity of H. officinalis L. var. angustifolius, V.

odorata, B. hyrcana and C. speciosum. Pak J Pharm Sci

23:29–34

el Jihen H, Imed M, Fatima H, Abdelhamid K (2009) Protective

effects of selenium (Se) and zinc (Zn) on cadmium (Cd)

toxicity in the liver of the rat: effects on the oxidative stress.

Ecotoxicol Environ Saf 72:1559–1564. doi:10.1016/j.eco

env.2008.12.006
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Ozturk Y, Aydın S, Başer KHC, Kırımer N, Kurtar-Ozturk N

(1992) Hepatoprotective activity of Hypericum perforatum

L. alcoholic extract in rodent. Phytother Res 6:44–46. doi:

10.1002/ptr.2650060111

Ozturk N, Korkmaz S, Ozturk Y (2007) Wound-healing activity

of St. John’s Wort (Hypericum perforatum L.) on chicken

embryonic fibroblasts. J Ethnopharmacol 111:33–39. doi:

10.1016/j.jep.2006.10.029
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