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Abstract

Background: Cymbopogon citratus (Poaceae) a tropical perennial herb plant that is widely cultivated to be eaten either fresh with food or dried
in tea or soft drink has been reported to possess a number of medicinal and aromatic properties. This study aimed at evaluating the protective
effects of C. citratus aqueous extract against liver injury induced by hydrogen peroxide (H2O2), in male rats.
Materials and Methods: Twenty-five rats were randomly divided into five different groups of five animals in each group; (1) Control. (2)
Received H2O2 (0.5%) with drinking water. (3), and (4) received H2O2 and C. citratus (100 mg·kg-1 b wt), vitamin C (250 mg·kg-1 b wt)
respectively. (5), was given C. citratus alone. The treatments were administered for 30 days. Blood samples were collected and serum was used
for biochemical assay including liver enzymes activities, total protein, total bilirubin and malonaldehyde, glutathione in serum and liver
homogenates. Liver was excised and routinely processed for histological examinations.
Results: C. citratus attenuated liver damage due to H2O2 administration as indicated by the significant reduction (p<0.05), in the elevated levels
of ALT, AST, ALP, LDH, TB, and MDA in serum and liver homogenates; increase in TP and GSH levels in serum and liver homogenates; and
improvement of liver histo-pathological changes. These effects of the extract were similar to that of vitamin C which used as antioxidant
reference.
Conclusion: C. citratus could effectively ameliorate H2O2-induced oxidative stress and prevent liver injury in male rats.
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Introduction

Cymbopogon citratus, commonly known as lemon grass, is a tropical monocotyledonous hypogeal perennial herb belonging to the family
Poaceae. It is commonly used in traditional Indian, Chinese, and Brazilian medicines, and its oil is used as culinary flavoring, scent, and
medicine. Citronelle, which is obtained from C. citratus, acts as an antihypertensive agent by inducing the vasodilatation of vascular smooth
muscles (Bastos et al., 2010; Chitra et al., 2012). C. citratus effectively treats fever and infection, headaches, digestive and nervous disorders, and
rheumatic pain. It also acts as a sedative, an antispasmodic, an analgesic, and an anti-inflammatory agent (Naik et al., 2010; Figueirinha et al.,
2010). In Iraq, the genus Cymbopogon was represented by 2-4 species where C. citratus was not among them (Townsend et al., 1968). However,
this species was cultivated in some local gardens in Tikrit area.

Oxidative stress (OS), is induced by hydrogen peroxide (H2O2), in animal models (Ganie et al., 2011; Park et al., 2012) and produces various
reactive oxygen species. These species are generated constantly in vivo and can cause oxidative damage to nucleic acids, lipids, and proteins.
Furthermore, the accumulation of reactive oxygen species may lead to oxidative damage of cells (Valacchi and Davis, 2008). Several reports have
demonstrated that oxidative stress has a critical role in the initiation and progression of most modern human diseases such as cardiovascular
disease, cancer, diabetes, arthritis, aging diseases, and reproductive system disorders (Halliwell et al., 1992; Medina, and Moreno-Otero, 2005;
Makker et al., 2009). To prevent oxidative damage, cells developed a variety of antioxidant defense mechanisms such as chain breaking
antioxidants, which include the non-enzymatic antioxidant glutathione; flavonoids and phenol compounds; vitamins A, E, and C; and free radical
scavenger antioxidant enzymes (Križanović et al., 2008). H2O2 is among the ROS that produce OS, and accumulating evidence has demonstrated
that OS plays a critical role in the initiation and progression of a variety of liver disorders (Jones et al., 2010; Huo et al., 2011; Zamani-
Moghddam et al., 2012). H2O2 generates toxic hydroxyl radicals (OH•), which are important intermediates of substances that are toxic to liver
(Halliwell et al., 1992, Kehrer, 2000). Hepato-toxicity is now a commonly used method in animal model (Rats), for liver damage investigation to
screen the hepato-protective activity of natural medicines. Use of natural products for liver diseases is growing because of their safety and
efficacy as an alternative remedy compared with chemically synthesized drugs (Natanzi et al 2009). Histo-pathological changes in liver tissue;
activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH);
levels of malondialdeyde (MDA), (end-product of lipid peroxidation) and glutathione (GSH), (a chain breaking antioxidant); and other related
parameters are used to assess liver toxicity and the hepato-protective activity of medicinal plants (Kumar et al., 2009; Uboh et al., 2012).

Given that the liver is involved in almost all vital biological processes, its damage has severe consequences in metabolism, immune response,
detoxification, and antimicrobial defense. The protective activity of aqueous extract C. citratus against H2O2-induced liver oxidative stress
damage is unknown. The present study was therefore conducted to evaluate the protective effect of C. citratus aqueous extract against H2O2-
induced liver injury caused by oxidative stress in male rats.

Materials and Methods
Plant Material Collection and Extraction

Lemon grass (C. citratus) leaves were collected from the Garden of Tikrit University, Iraq during the summer season (July–September).
The plant were identified and authenticated by Dr. Khalil I. Al-Shemmary, Plant taxonomist, Biology Department, Faculty of Science, Tikrit
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University, Tikrit, Iraq. The voucher specimen (No.1298) was deposited at the herbarium of Faculty of Science, Tikrit University. The plant
material was dried in the shade by exposing to air at (33 ± 2) ºC and ground into a fine powder. The dry powder (10 g), was extracted with 300
mL of distilled water using a Soxhlet extractor at 40 ºC. The extract was then concentrated with a rotary evaporator under reduced pressure at 40
ºC. Then, the solid extract was stored in sealed, dark glass bottles under free moisture conditions and deep-frozen until used.

Animals and Experimental Protocol

25 Sprague–Dawley strain male rats weighing 200 - 250 g and approximately 7 to 8 weeks old were purchased from the Faculty of
Veterinary Medicine, University of Mosul, Iraq and used for the experiments. They were divided into five groups of five rats each and housed in
separate cages under a controlled environment with standard conditions of temperature (25 ± 2) ºC and humidity, as well as alternating 10 hr light
and 14 hr dark cycle. The rats were provided with standard laboratory diet and water ad libitum. The five groups were treated for 30 days as
follows. Group 1 served as control and was given only normal water and diet. Group 2 was given normal diet and 0.5% H2O2 in drinking water.
Group 3 was given normal diet, 0.5% H2O2 in drinking water, and 100 mg·kg-1 body weight oral dose of C. citratus aqueous leaf extract
according to Rahim et al., (2013). Group 4 was given normal diet and 0.5% H2O2 in drinking water. An oral dose of 250 mg·kg-1 body weight of
vitamin C in distilled water was also given. Group 5 was given normal diet and an oral dose of 100 mg·kg-1 body weight of C. citratus aqueous
leaf extract.

At the end of the experiment, the rats were starved for 24 h and then mild anesthetized by ether prior to sampling. Blood samples were
collected from the retro orbital vein. Serum was separated by centrifugation at 3000 × g for 5 min and then stored at – 20 ºC until use for
biochemical assay. Liver was excised. The study protocol was approved by the committee for the control and supervision of experiment on
animals of the Scientific Affairs, Tikrit University, Iraq.

Assay of Lipid Peroxidation

Lipid peroxidation in serum and liver homogenates was measured using the thiobarbituric acid test (TBA) (Guidet and Shah, 1989).
Liver homogenate or serum samples were mixed with trichloroacetic acid and TBA and placed in boiling water for 15 min. After cooling and
centrifugation, the absorbance of the red TBA malonaldehyde complex was measured at 532 nm using an ultraviolet–visible spectrophotometer
(Shimadzu, Japan).

Estimation of glutathione

GSH in serum and liver homogenates was measured according to the method of Beutler (Beutler, 1975) using Ellman’s reagent. The
procedure is based on the reduction of the Ellman’s reagent by sulfhydryl groups into 5,5′-dithiobis (2-nitrobenzoic acid), which has an intense 
yellow color. The solution was measured spectrophotometrically at 412 nm using a Shimadzu (Japan) spectrophotometer.

Biochemical Analysis

Alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase and lactate dehydrogenase activities were determined using
Biomerieux diagnostic kits (France). Total protein (TP), and total bilirubin (TB) were measured using BIOLABO (SA, France), diagnostic kits.

Histopathological Studies

Following autopsy, liver tissues were immediately removed, trimmed into 2 mm thickness, and fixed with 10% buffered formaldehyde
for 24 h at 4 ºC. The fixed tissues were processed by dehydration and embedment in paraffin, sectioned, and rehydrated. Sections cut at 7 µm
thickness were stained with hematoxylin and eosin for light microscopic examination. The histological sections were examined, and photographs
were taken using a mitotic microscope with digital camera (Mercury, China).

Statistical Analysis

The data were presented as means ± standard error and compared by one way analysis of variance. Significant difference between
groups was determined using Duncan’s test, and probability levels of less than (p<0.05), were considered significant.

Results
Estimation of Biochemical Parameters

Alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase and lactate dehydrogenase enzymes activities, as well as TB
and MDA levels, in serum and liver homogenates significantly (p<0.05), increased in H2O2-treated rats (group 2), compared with that in the
control rats (group 1), (Tables 1 and 2). Furthermore, the TP and GSH levels in the serum and liver homogenates of H2O2- treated rats (group 2),
were markedly reduced compared with that in group 1 (Tables 1 and 2). The administration of C. citratus aqueous extract (100 mg·kg-1 body
weight) and vitamin C (250 mg·kg-1 body weight), (groups 3 and 4, respectively), significantly (p<0.05) decreased the levels of the parameters
(Tables 1 and 2) relative to that of the H2O2-treated rats (group 2). However, TP and GSH exhibited different trends. Group 5, which was treated
with lemon grass alone, showed a significant difference in AST, TB, GSH, and MDA compared with the control group (Tables 1 and 2).

Table 1: MDA and GSH values in serum/ S (µmol.L -1), and in liver homogenates/H (µmol. g-1 wet tissue), of all groups.

Experimental
groups

GSH/S GSH/H MAD/S MAD/H

Group (1) 16.24±1-22 4.19±1.35 5.72±0.18 4.05±0.19
Group (2) 12.41±1.271 3.68±0.191 7.79±1.231 5.11±0.351

Group (3) 14.83±1.272 4.48±1.392 5.90±0.792 3.73±1.532

Group (4) 15.04±0.222 4.56±1.422 6.29±0.722 4.50±0.472

Group (5) 15.65±0.49 7.89±3.243 5.60±0.22 2.14±0.423
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Values represent the means ± SE (n=5), Significance at 1P<0.05 as compared with control (group I), Significance at 2P<0.05 as compared with
group (2), Significance at 3P<0.05 as compared with control ( group 1).

Table 2: ALT, AST, ALP, LDH enzymes and TP, TB values in rat serum of all groups.
Experi

mental
Group

ALT
U/L

AST
U/L

ALP
U/l

LDH
U/L

TP
g/dl

TB
mg/dl

Group
(1)

12.67±1.2 23.80±4.9 16.98±4.2 1832±46.6 5.33±0.6 0.76±0.07

Group
(2)

21.00±3.611 27.00±0.001 47.88±4.61 2752±307.41 3.63±0.131 1.45±0.411

Group
(3)

14.00±1.002 25.83±3.82 23.17±3.42 1372±93.82 4.33±0.012 0.87±0.072

Group
(4)

15.00±3.002 26.60±1.772 25.98±4.62 1466±38.32 4.58±0.442 0.89±0.082

Group
(5)

12.00±1.00 21.73±4.673 14.09±0.6 1715±63.6 4.99±0.22 0.41±0.033

Values represent the means ± SE (n=5), Significance at 1P<0.05 as compared with Control (group I), Significance at 2P<0.05 as compared with
group (2), Significance at 3P<0.05 as compared with control (group 1).

Histological Studies

The results of histological study are presented in Figure 1. Histological examination results are consistent with that of the biochemical
analysis. The liver of control rats (group 1) showed a normal arrangement of hepatocytes and sinusoids. The cytoplasm was not vacuolated. Areas
of necrosis, infiltration by inflammatory cells, and changes in fats were not observed (Fig.1a). Group 2 rats, which were exposed to H2O2 for 30
days, exhibited histo-pathological alterations including cytoplasm vacuolization, congestion, infiltration, and degeneration of hepatocytes
(necrosis) (Fig.1b) compared with the control (Fig.1a). The rats administered with C. citratus aqueous extract and vitamin C (Figs. 1c and 1d)
showed significant improvement evident through a well arranged of hepatocytes with cytoplasm not vacuolated. Sinusoids well preserved, few
areas of necrosis and fatty changes compared with H2O2-treated rats (Fig. 1b). Liver tissue of rats treated with C. citratus aqueous extract alone
exhibited similar liver cytoarchitecture compared with the control group (Fig. 1e).

Figure 1: Light microscope photographs of experimental rats liver paraffin sections stained with haematoxylin and eosin.

Legend of Figure 1: (a) control, showed normal liver arrangement of hepatocytes and sinusoids. The cytoplasm was not vacuolated. Areas of
necrosis, infiltration by inflammatory cells, and changes in fats were not observed. (b) Rat liver treated with H2O2 (0.5%), in drinking water,
showed histo-pathological alterations including cytoplasm vacuolization, congestion, infiltration, and degeneration of hepatocytes (necrosis), in
comparison with control. (c) Liver treated with aqueous extract of C. citratus (100mg.kg -1 b.wt.) concomitant with H2O2, exhibited a well
arranged hepatocytes with cytoplasm not vacuolated. Sinusoids well preserved no area of necrosis, no fatty change. (d) Rat liver administered
with vit. E (500mg.kg-1 b.wt.) concomitant with H2O2 showed significant improvement comparable to rat liver treated with C. citratus. (e)
Aqueous extract of C. citratus administration alone exhibited similar liver cytoarchitecture compared with the control group. Magnification at x
400 for all figures.

Discussion

The hepato-protective effect of C. citratus aqueous extract was investigated in rats with oxidative stress induced by H2O2, which is a
commonly used animal model (Mello Filho et al., 1984; Ganie et al., 2011; Park et al., 2012). The activities of the liver function enzymes, as well
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as TP, TB concentrations and histological changes are good biomarkers for liver injury and evaluating the protective effect of medicinal plants
(Huo et al., 2011 Zamani-Moghddam et al., 2012; Xie et al., 2012). The present study demonstrates that C. citratus aqueous extract attenuates
liver damage due to H2O2 administration as indicated by the significant reduction in the elevated levels of ALT, AST, ALP, LDH, TB, and MDA
in serum and liver homogenates; increase in TP and GSH levels in serum and liver homogenates, and improvement of histological changes. These
effects of C. citratus are similar to that of vitamin C used as an antioxidant reference.

Oxidative stress is one of the most important mechanisms involved in H2O2-induced toxicity and results in the increased generation of potent
ROS such as the hydroxyl radical (OH•), and reduction in antioxidant enzymes (Mora et al., 2003). ROS are unstable, as well as highly reactive,
and combat various biomolecules in cells such as membrane lipids, proteins, and deoxyribonucleic acids, leading to several pathological
conditions and cell apoptosis (Sharma and Agarwal, 1996).

Many biologically and chemically active substances have been investigated and isolated in C. citratus. The most important among these
substances are citral oil, C-glycosylflavones, orientin, isoorientin, and chlorogenic acid (Cheel et al., 2005; Akande et al., 2012). The content and
free radical scavenging/antioxidant activity of these substances has been reported by several authors (Huguet et al., 1990; Budzianowski et al.,
1991; Mun’im et al., 2003). The flavonoids and phenolic active compounds C. citratus can act as hepato-protective agents because of their
antioxidant and scavenging properties and protect rats against H2O2-induced oxidative stress in liver. This assumption was confirmed by the
observed GSH depletion and lipid peroxidation in this study. Moreover, the maximum protective effect of C. citratus aqueous extract was
observed in H2O2-treated rats administered with 100 mg·kg-1 body weight of extract.

MDA content was significantly elevated in serum and liver homogenates. GSH, an important antioxidant in living cells, markedly decreased in
the serum and liver homogenates of H2O2-treated rats (Table 1). Therefore, the elevation of MDA, a marker of oxidative damage, reveals the
overproduction of free radicals, which is consistent with the view that H2O2 induces lipid peroxidation. The failure of the antioxidant defense
mechanism is due to the overproduction of free radicals, decreased activities of the scavenging enzymes, or both. Increased MDA levels, lipid per
oxidation (Zaidi and Banu, 2004; Bharrhan et al., 2010), and decreased GSH levels are associated with cell damage (Martensson and Meister,
1991). Treatment with C. citratus aqueous extract restored MDA and GSH content, which further highlights their role against H2O2-induced liver
damage. Vitamin C administration showed similar trends (Table 1), to that of C. citratus aqueous extract in H2O2-treated rats. Several reports
have shown the hepatoprotective effect of vitamin C against the hepatotoxicity caused by carbon tetrachloride, acetaminophen, malathion and
gasoline vapor (Ademuyiwa et al., 1994; Adejuwon and Joseph, 2008; Suna et al., 2010; Uboh et al., 2012). Therefore, vitamin C possibly acts as
an antioxidant by scavenging ROS, thereby reducing oxidative stress and related complications. Moreover, vitamin C restores the antioxidant
abilities of vitamin E, which suggests that the major function of vitamin C is recycling tocopheroxyl radicals and glutathione (Saraswathy et al.,
2010), and inhibiting lipid peroxidation and hepatocellular damage (Serbecic and Beutelspacher, 2005).

The mitochondrion is the major target in drug-induced hepatic damage (Kass et al., 2006). Mitochondrial dysfunction is generally
accompanied with oxidative stress, which is a key regulator of mitochondria-mediated cell death (Boelsterli and Lim, 2007). Hence, drugs cause
cell death by inducing oxidative stress in hepatic mitochondria. In the current study, oxidative stress induced by H2O2 resulted in hepatic injury as
shown by the elevated levels of ALT, AST, ALP, LDH, and TB and decreased TP in serum. These parameters are the most sensitive circulating
markers of hepatic injury (Sallie et al., 1991). A marked increase in hepatic oxidative stress occurred as shown by the marked increase in MDA
level in serum and liver homogenates and decreased GSH level. The administration of the aqueous extract of C. citratus reduced the
hepatotoxicity in H2O2-treated rats. This result was evidenced by the marked decrease in serum AST, ALT, ALP, and LDH activities and increase
in serum protein level of rats treated with C. citratus relative to that of rats treated with H2O2 alone. Pei et al. (2012), also indicated the
hepatoprotective effect of C. citratus against carbon tetrachloride-induced hepatic stress and toxicity. Similar results were also obtained using
vitamin C concomitant with H2O2 treatment. Vitamin C protects the lipids and lipoproteins in hepatocellular membranes against oxidative damage
caused by toxic free radicals. Thus, the hepatoprotective activity of vitamin C is based on the reduction of lipid peroxidation through free radical
scavenging activity (Saraswathy et al., 2010).

Histopathological studies of the liver demonstrate H2O2-induced periportal inflammation, sinusoidal congestion hemorrhage, and hepatic
necrosis in rat liver. These changes are consistent with those observed in the various biochemical parameters. Liver damage may be caused by the
toxic effects of H2O2-mediated oxidative stress. H2O2-treated rats co-administered with C. citratus aqueous extract and vitamin C reveals
significant improvement compared with H2O2-treated rats as indicated by the reversed periportal inflammation, sinusoidal congestion,
hemorrhage and hepatic necrosis. The administration of C. citratus aqueous extract alone displayed similar results as that of the control, with
slight amelioration in most of the studied parameters.

In conclusion, the current results demonstrate that C. citratus has a potent protective effect against H2O2-induced liver injury. C. citratus
treatment significantly reduced the increase in liver enzyme activities and attenuated oxidative stress-induced pathological changes.
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