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The study evaluates the sub-acute toxicity and antioxidant potential of ethanolic leaf extract of
Cymbopogon citratus against CCl,-induced toxicity in Sprague Dawley rats. The ethanolic leaf extract of
C. citratus was prepared by solvent maceration method. The phytochemicals present in the extract were
determined using standard methods. The potential sub-acute toxicities were evaluated using OECD
procedure. The sub-acute toxicity of the extract at the doses of 125, 250 and 500 mg/kg, b.wt. was
administered orally for 28 days. Another sets of rats were made hepatotoxic by orally administered with
CCl, (20% CCl, in olive oil) twice per week for a period of five weeks. They were treated with C. citratus
extract (300 and 600 mg/kg body weight) once a day for 35 days. Biochemical parameters were used to
assess the hepatoprotective effects of the extract on liver tissues. Phytochemical screening of C
citratus shows the presence of anthraquinones, alkaloids, flavonoids, etc. The administration of C.
citratus is not hematotoxic and significantly reduced (P<0.05) elevated liver biomarker enzymes, urea,
creatinine and the level of malondialdehyde. Treatment with the extract was found to significantly
increase (P<0.05) TP level, the activities of superoxide dismutase and catalase. Liver histopathology
shows that the extract reduced the incidence of liver lesions induced by CCl,. The administration of C.
citratus did not produce any toxic effects in the sub-acute study. The plant exhibits potent protective
effects in CCl,-induced liver damage due to decrease in liver biomarker enzymes activities, increase of
antioxidant-defense system and inhibition of lipid peroxidation.

Key words: Sub-acute toxicity, protective effects, Cymbopogon citratus, carbon tetrachloride, hematological,
oxidative stress parameters.

INTRODUCTION

Cymbopogon citratus is prominent and commonly used in
alternative medicine for the treatment of diverse ailments.
C. citratus is a tropical monocotyledonous hypogeal
perennial herb belonging to the family Poaceae and is
commonly known as lemon grass. Several bioactive
compounds have been reported to be isolated from the
plant. The oil from C. citratus plantis used as culinary

flavoring, scent, and medicine. Citronelle compound
obtained from C. citratus, acts as an antihypertensive
agent by inducing vasodilatation of vascular smooth
muscles (Bastos et al., 2010; Chitra et al., 2012).
Furthermore, citral obtained from the plant has been
shown to possess activities like antiproliferative effect
against Trypanosoma cruzi (Santoro et al., 2007),



antiparasitic effects against leishmaniasis (Santin et al.,
2009; Oliveira et al, 2009), anti-mutagenicity
(Vinitketkumnuen et al., 1994) and antinociceptive (Viana
et al., 2000). C. citratus effectively treats fever, infection,
headaches, rheumatic pain, nervous and digestive
disorders. The plant also acts as a sedative,
antispasmodic, analgesic, and anti-inflammatory agent
(Naik et al., 2010; Figueirinha et al., 2010). In Nigeria,
lemon grass is used to treat fever, jaundice,
hypertension, diabetes mellitus and obesity (Adeneye
and Agbaje, 2007).

Hepato-toxicity is a method used in animal model, for
liver damage investigation for screening the hepato-
protective activity of natural medicinal plant. The 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 alkaline phosphatase (ALP), gamma
glutamyltransferase  (GGT), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate

dehydrogenase (LDH); levels of malondialdehyde (MDA),
reduced glutathione (GSH) 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).

Liver helps in detoxification of drugs, exogenous toxins
and therapeutic agents; it also helps in the bio-regulation
of amino acids, proteins, carbohydrates, fats, blood
coagulation and immunomodulation (Juza and Pauli,
2014). Impairment of the liver generally occurs from
excessive exposure to toxicants, chemotherapeutic
agents, alcohol, protozoan and viruses (Juza and Pauli,
2014). Experimental model used to induce liver damage
in animals is by using carbon tetrachloride (CCl,). CCl, is
activated by cytochrome (CYP) 2E1, CYP2B1 or CYP2B2
and possibly CYP3A, to form the trichloromethyl radical
(CCly") (Slater, 1984). This radical can bind to cellular
molecules (protein, lipid, nucleic acid), impairing crucial
cellular processes such as lipid metabolism, which results
in fatty acid degeneration (steatosis) (Raucy et al., 1993).
CCl; forms adducts with DNA, which initiate the onset of
hepatocellular carcinoma. This radical can also react with
oxygen to form the trichloromethylperoxy radical
CCI;007, which is a highly reactive species. The
substance (CCl;00") reacts with polyunsaturated fatty
acids and phospholipids to initiates the chain reaction of
lipid peroxidation reaction.

This affects the permeabilities of mitochondrial, plasma
membranes and endoplasmic reticulum resulting in the
loss of cellular calcium sequestration and homeostasis,
which may contribute heavily to subsequent cell damage
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(Weber et al., 2003; Mehendale et al., 1994). CCl,
intoxication is mediated by two types of nonparenchymal
liver cells, viz., Kupffer and stellate cells. The activation of
Kupffer cells by CCl, mediate inflammatory processes via
the nuclear factor kappa B (NF-kB) signal transduction
pathway with production of pro-inflammatory cytokines
such as tumor necrosis factor-a (TNF-a), interleukin-1f3
(IL-1B), interleukin-6(IL-6) and other inflammatory
mediators; cyclooxygenase-2 (Cox-2) and inducible nitric
oxide synthase (iNOS) (Gallucci et al., 2000; Gruebele et
al., 1996), which in turn causes full activation of the
mitogen activated protein kinase (MAPK)/extracellular
signal-related kinase (ERK) and the Janus kinase (Jak)-
signal transducer and activator of transcription protein
(STAT) pathway. These pathways are involved in the
regulation of cell proliferation and apoptosis (Bak et al.,
2016). Stellate cells are normally quiescent and fat-
storing cells, but after activation by agents like CCl,, they
display a typical acute-phase response (Nieto et al.,
2000), take on a fibroblast like appearance, release nitric
oxide, begin to overproduce type-l collagen and thus
promote hepatic fibrosis (Lee et al., 1995).

The efficient potency of C. citratus on free radical
scavenging and other reactive oxygen species and
antioxidation ability led us to evaluate the sub-acute
toxicity and the protective effect of ethanolic leaf extracts
of C. citratus on carbon tetrachloride-induced liver
damage in male Sprague Dawley rats.

METHODOLOGY
Collection and identification of plant material

The leaves of C. citratus were obtained from Ikorodu in Lagos
State, Nigeria. The plant was authenticated by a botanist from the
department of Botany, University of Lagos, Lagos, Nigeria.
Authentication number for C. citratus was given (6946).

Preparation of ethanolic leaf extract of C. citratus

The leaves of C. citratus were washed, air dried under shade in the
Biochemistry Laboratory, pulverised to coarse power using blender.
Extraction was carried out by dispersing 200 g of the ground C.
citratus plant material in 1 L of 90% ethanol and shaking was done
with GFL shaker for 72 h. This was followed by vacuum filtration
and concentrated by rotary evaporator at a temperature not
exceeding 40°C. The concentrated extract was dried to complete
dryness in an aerated oven at 40°C for 48 h. The extract was later
stored in a refrigerator at 4°C.

Phytochemical analysis of ethanolic leaf extract of C. citratus

Phytochemical tests for bioactive constituents were carried out on
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small portions of the plant extract using standard phytochemical
procedures (Trease and Evans, 1986; Sofowora, 1993; Kokate,
1994).

Experimental animals

A total of 70 male Sprague Dawley albino rats with body weight
ranging from 200 to 220 g were obtained from Ratzmattazz Nigeria
enterprises, 21 insurance estate satellite town, Lagos, Nigeria.
They were acclimatized for two week to laboratory condition of
23+2°C. They were kept in plastic cages and fed with commercial
rat chow and supply with water ad libitum. The rats were used in
accordance with NIH Guide for the care and use of laboratory
animals; NIH Publication revised (2011).

Sub-acute toxicity test

The sub-acute toxicity test was conducted in accordance with the
guidelines published by the Organization for Economic Cooperation
and Development (OECD, 2007) No. 407 with slight modification. At
the onset of dosing, the rats weighed 210 + 10 g each. Twenty eight
acclimatized rats were grouped into four groups. Each group
contains seven animals. Group | served as the positive control
group and received distilled water, for 28 consecutive days, while
the other groups (ll, Il and IV) received a daily amount of 125, 250
and 500 mg/kg b.wt. of ethanolic leaf extract C. citratus orally, for
28 consecutive days, respectively. Food and water intake were
given freely. After 28 days of the feeding trial, the rats were fasted
overnight (for at least 20-24 h) before they were sacrificed.

Body weight determination

The individual body weights of all animals were recorded weekly (7
days interval) during the course of the sub-acute toxicity study. The
body weights were also recorded prior to testing and terminally
(after fasting) prior to when they were sacrificed.

Administration of CCl4

Male albino rats (Sprague Dawley) of about sixteen weeks old with
weight range of 200 to 220 g were made hepatotoxic by orally
administered with CCls (20% CCl, in olive oil) dosage of 1 mi/kg
body weight twice per week for a period of five weeks according to
the method described by Momoh et al. (2018a). The animals were
all treated once per day according to the grouping of the animals as
shown in the following. Forty two acclimatized rats were grouped
into six groups. Each group contains seven animals as follows:
Group A-Normal control; Group B-Negative control (CCls without
treatment); Group C-Positive control (CCls + 100 mg/kg b.wt.
silymarin); Group D-Olive oil only; Group E-CCl, + 300 mg/kg b.wt.
of C. citratus leaf extract; Group F-CCl, + 600 mg/kg b.wt. of C.
citratus leaf extract.

Collection of blood samples

All the albino rats were sacrificed by cervical decapitation after 20-
24 h fasting. Blood was collected from the albino rats by ocular
puncture into EDTA tubes for hematological analysis and the
remaining blood was collected in heparinised tubes and centrifuge
at 3000 rpm for 20 min and the plasma stored at -20°C to estimate
biochemical parameters. The animals were dissected while their
livers and kidneys were excised for biochemical and histological
examinations.

Determination of hematological parameters

The hematological parameters were determined in the whole blood
using BC-3200 Auto Hematology Analyzer in University of Lagos
Teaching Hospitals (LUTH) in Idi-Araba, Lagos, Nigeria. The
hematological parameters investigated were as follows: White
blood cell count (WBC), Monocyte number (Mid#), Monocyte
percent (Mid%), Granulocyte number (Gran#), Granulocyte percent
(Gran%), Lymphocyte number (Lym#), Lymphocyte percent
(Lym%), Hemoglobin (HGB), Red blood count (RBC), Hematocrit
(HCT), Mean cell volume (MCV), Mean corpuscular hemoglobin
(MCH), Mean corpuscular hemoglobin concentration (MCHC), Red
Blood Cell Distribution Width Coefficient of Variation (RDW-CV),
Red Blood Cell Distribution Width Standard Deviation (RDW-SD),
Platelet count (PLT), Mean platelet volume (MPV), Platelet
Distribution Width (PDW) and Plateletcrit (PCT).

Measurement of plasma liver biomarker enzymes and lipid
profile

Liver damage was assessed by the estimation of plasma activities
of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), gamma glutamyl transferase
(GGT), total protein (TP), total cholesterol (TC), triglyceride (TG),
high density lipoprotein-cholesterol (HDL-Chol), were measured
using commercially available test kits from Randox Laboratories
Ltd. (UK). LDL- Cholestrol was calculated according to Momoh et
al. (2018b). LDL-C=TC - HDL-C - TG/5. Kidney damage was
assessed using urea and creatinin Randox Kits.

Hepatic antioxidant activities
Preparation of liver homogenate

The liver tissues of some of the sacrificed albino rats were excised
and the liver samples were cut into small pieces and homogenized
in phosphate buffer saline (PBS) to give a 10% (w/v) liver
homogenate. The homogenates were then centrifuged at 12,000
rpm for 50 min. The supernatant obtained was later used for assay
of thiobarbituric acid reactive substances (TBARS) content,
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and reduced glutathione (GSH).

Determination of lipid peroxidative (LPO) indices

Lipid peroxidation as evidenced by the formation of TBARS was
measured in the homogenate by the method of Jiang et al. (1992).

Determination of superoxide dismutase (SOD)
The SOD activity was estimated by its capacity of inhibiting
pyrogallol autooxidation in alkaline medium. The liver homogenate

was assayed for the presence of SOD by utilizing the technique
described by Zou et al. (1986).

Determination of catalase (CAT)
The liver homogenate was assayed for catalase colorimetrically at

620 mm and expressed as pmoles of H,O, consumed/min/mg
protein by the method of Rukkumani et al. (2004).

Determination of reduced glutathione (GSH)

Reduced glutathione (GSH) was determined in the liver



homogenate using the method of Rukkumani et al. (2004).

Determination of glutathione peroxidase (GPx)

Reduced glutathione (GSH) was determined in the liver
homogenate using the method of Rukkumani et al. (2004).

Histopathological studies

The histopathological analyses were assayed in the Department of
Anatomy, College of Medicine, University of Lagos, Idi-Araba,
Lagos, Nigeria. The albino rats were sacrificed and their abdomens
were cut open to remove their liver and kidney. Some of the organs
were fixed in Boucin’s solution (mixture of 75 ml of saturated picric
acid, 25 ml of 40% formaldehyde and 5 ml of glacial acetic acid) for
12 h, and then embedded in paraffin using conventional methods
(Galighor and Kozloff, 1976). They were cut into 5 um thick sections
and stained using haematoxylin-eosin dye and finally mounted in di-
phenyl xylene. The sections were then observed under microscope
for histopathological changes in the liver and kidney architecture
and their photomicrographs were taken.

Data analysis

The results were calculated and expressed as Mean *+ Standard
deviation. Data analyses were done using the GraphPad prism
computer software version 5.01. One-way analysis of variance
(ANOVA) was used for comparison for determining the significant
difference. The inter group significant was analysed using Posthoc
Turkey’s and Bonferroni’'s multiple comparison test. A P-value <
0.05 was considered significant.

RESULTS

Phytochemical screening of ethanolic leaf extract of
C. citratus

Phytochemical screening of ethanolic leaf extract of C.
citratus shows the presence of secondary metabolite like
tannins, steroid, anthraquinones, triterpenoids and
saponin (Table 1).

Sub-acute toxicity study

Clinical observations and survival of animals

administered with C. citratus

The study shows no mortalities were recorded in the rats
over the period of 28 days of treatment with C. citratus
leaf extract at the doses of 125, 250 and 500 mg/kg,
b.wt., through oral gavage. None of the animals after
administration of C. citratus at the doses of 125, 250 and
500 mg/kg, b.wt.,, showed any obvious morbidity or
clinical symptoms of toxicity such as changes in the eyes,
skin and fur, autonomic (salivation, perspiration and
piloerection), stereotype activities and respiratory rate
problem throughout the experimental period of 28 days.
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Body weight determination of experimental animals

The body weight of the animals administered with the
plant extract were recorded at an interval of 7 days over
the treatment period of 28 days and there were significant
increase (P<0.05) in the body weight of the animals
administered with the plant extract at different
concentrations when compared with the healthy control
group (Figure 1). The increase in the body weight for all
groups was mostly dose dependent as a greater increase
in body weight was observed in high dose group.

The effect of C. citratus ethanolic leaf extract on liver
biomarker enzymes and lipid profile in male albino
rats

There were significant reduction (P<0.05) in AST activity,
LDL-Chol and creatinine levels in animals administered
C. citratus extract (groups Il and 1V) compared to group |
animals. ALT and GGT activities, TC and TG levels did
not show any significant different (P>0.05) in all the rats
administered C. citratus extract for the sub-acute toxicity
test when compared with the non-treated animals (group
I). The plasma total protein (TP) concentration and HDL-
Chol was significant increased (P<0.05) in the treated
group (groups lI-IV) animals compared to group | animals
(Table 2).

Sub-acute toxicity test

The oral administration of C. citratus leaf extract (125,
250 and 500 mg/kg b.wt.) in sub-acute toxicity study
showed no toxic sign or death of rats after 28 days.
Animals administered C. citratus extract showed
significant increase (P<0.05) in catalase (group IlI), GPx
(group 1V) SOD% (group Il and 1V), SOD units (groups I
- IV) and TP (groups lll and IV) in their liver homogenate
while MDA values reduces significantly (P<0.05) in
groups Il to IV animals when compared with group | rats
(Table 3).

Sub-acute histological study

The histological study for the kidney and liver are as
shown in Figure 2.

Hematological analysis

Table 4 shows that there were significant increase
(P<0.05) in WBC, Mid#, Mid%, Gran%, Gran#. MCH,
HGB, HCT, MCHC, RBC and their Lymph# and Lymph%
were significantly lowered (P<0.05) in the animals treated
with C. citratus leaf extract compared to the animals
administered with CCl, without treatment. The animals in
group A showed significant increase (P<0.05) in Lymph#,
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Table 1. Phytochemical screening of ethanolic leaf extract of Cymbopogon citratus.

Phytochemical constituent Test performed Inference
Tannins Ferric chloride test +
Saponins Froth test +
Antraquinone Borntrager’s test +
Dragendorff’s test +
Alkaloids Mayer’s test +
Wagner’s test +
. Ferric chloride test
Flavonoids .
Shinoda test
. Liberman Burchard test +
Steroids and sterol .,
Salkowski’s test +
Triterpenoids Sulphuric acid test
Phenolic compounds Ferric chloride test +
Anthocyanine Sodium hydroxide test +
Benedict’s test
Carbohydrate Fehling’s test
Molisch’s test +
(+) Present.
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HE HHH HHE
< 2oo18881 ABHI BHEN ERHI HHE B GROUP NI
HHE HHE HEH HHH HEHH
= HHE HHE
<= £(%|5 HHH Z|4|8 gl |8 Zlels
2 1001HHE HHE HHE
o JHH|  HHHN BHEN HEEI  HHE
m F:.! HETH 1B gin s gldla
0 7 14 21 28
Days

Figure 1. The effect of different concentration of Cymbopogon citratus leaf extract on body weight of male

Sprague Dawley rats.

MCV and decrease (P<0.05) in Mid%, Gran%, HGB,
MCH, and PLT when compared with animals
administered with C. citratus extract (Table 4).

Analysis of liver biomarker enzymes and lipid profile

There were significant (P<0.05) increase in liver
biomarker enzymes (AST, ALT, ALP and GGT), urea and
creatinine in group B untreated animals compared to all

other animals in other groups. Group B animals also have
lower level of TP value compared to healthy animals
(group A) and animals administered with C. citratus
extract (Table 5).

Determination of oxidative stress parameters

Oxidative stress parameters (SOD% inhibition, SOD unit,
CAT and GSH) were significantly (P<0.05) reduced in



animals administered with CCIl, without treatment
compared to the control group animals (group A) and
animals treated with C. citratus extract. The MDA values
of group B rats were significantly (P<0.05) increased
compared to other groups (Table 6).

Histopathological studies

The liver architecture of the healthy animal, animal
infected with CCl, without treatment and animals treated
with C. citratus extract are as shown in Figure 3.

DISCUSSION

Phytochemical screening of ethanolic leaf extract of C.
citratus shows the presence of secondary metabolite like
flavonoids, alkaloids, tannins, steroid, anthraquinones,
triterpenoids, saponin, etc. (Table 1). The presence of
these secondary metabolites in C. citratus may be
responsible for the antioxidant and protective properties
of the plant. Studies have shown that reactive oxygen
species (ROS) are not only responsible for oxidative
stress at low levels, they are also considered to play an
important role in normal cell physiological functions,
acting as modulators of redox regulated processes
(Droge, 2002; Schreck and Baeuerle, 1991). These ROS
are continuously produced during normal physiologic
events and normally removed by antioxidant defence
mechanisms (Zorov et al., 2006; Chen et al.,, 2006).
Plants are potential sources of antioxidants, since
synthetic antioxidants have side effects when consumed
in vivo (Ghasemzadeh and Ghasemzadeh, 2011).
Polyphenols (total phenolic, flavonoids and
proanthocyanidin  contents) are the major plant
compounds with antioxidant activity. This antioxidant
activity is believed to be mainly due to their redox
properties (Zheng and Wang, 2001), which play an
important role in adsorbing and neutralizing free radicals,
decomposing peroxides, quenching singlet and triplet
oxygen. The results from this study strongly suggest that
phenolics are important components of these plants, and
some of their pharmacological effects could be attributed
to the presence of these important secondary
metabolites.

General behavioral changes in body weight are
preliminary indicators of early signs of toxicity caused by
various drugs and chemicals (Ezeja et al., 2014). The
body weight of the animals administered with C. citratus
extract increases significantly (P<0.05) when compared
with the control group and was considered normal. Thus,
it can be concluded that C. citratus oral administration did
not produce any major clinical toxicological signs and did
not affect the normal growth pattern of the animals
throughout the treatment period of 28 days.

In toxicity rating by joint FAO/WHO Expert Committee
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on Food Additives (WHO,1966), if at 2 g/kg oral dose of a
substance causes no death, it is sufficient to assume that
the substance is relatively non-toxic. The sub-acute
toxicity study shows that the plant extract of C. citratus is
non-toxic and no mortality was observed in all the groups.
The calculated LDsy value was greater than 500 mg/kg
b.wt. The kidney is susceptible to damage caused by
various toxic substances as large volume of blood flows
through it and the toxins filtered usually gets
concentrated in the kidney tubules (Al-Attar et al., 2017).

Clinical biochemistry analysis was conducted to
investigate any possible influence of the extract on
hepatic and renal functions of the rats. Biochemical
parameters are considered as an important marker for
toxicity evaluation, as both liver and kidney are necessary
for the survival of an organism (Suganthy et al., 2018).
The extract did not damage the liver as evidenced by
significant decreased (P<0.05) in the level of plasma
activity of AST (group IlI). ALT, GGT, TC, and TG did not
show any significant difference while plasma
concentration of TP and HDL-C (groups Il and 1V)
significantly increases (P<0.05) in the animals
administered with the extract (Table 2). Increase of these
transaminases (AST, ALT and GGT) in the plasma is an
indication of necrotic lesions within the liver. AST and
ALT are mainly used to detect injury to liver cells
(hepatocytes). Under normal circumstances, these
enzymes (AST and ALT) reside in the hepatocytes.
However, these enzymes will leak into the blood stream if
the liver is injured, thus raising their levels in the blood
(Oriakhi et al., 2018). In a research work carried out by
Eraj et al. (2016) aqueous extract of C. citratus was
administered at a dose of 200 mg/kg body weight orally
for 15 days to healthy rabbit. The extract exhibited
significant reduction in biochemical parameters (ALP,
SGOT, SGPT, GT and TB) as observed in their study
(Eraj et al.,, 2016). GGT acts as an indicator for
cholestasis (e.g. biliary duct obstruction). Obstructed bile
duct will induce the synthesis of GGT, thus elevating the
levels in the blood (Bulle et al., 1990). The animals
administered C. citratus extract (groups Il and IV) had
significant (P<0.05) reduced creatinine level compared to
group | animals. Serum creatinine level is a good
indicator of renal function since elevation of serum
creatinine level is associated to a marked failure of
nephron functions (Lameire et al., 2005). The study
shows that the plant does not have toxic effect on the
kidney.

Oxidative stress is caused by the presence of ROS in
excess of the available of antioxidant buffering capacity.
Many studies have showed that ROS can damage
proteins, lipids and DNA, thus altering the structure and
function of the biological cell, tissue, organ and system,
respectively (Momoh et al., 2018a). Catalase catalyzes
the conversion of hydrogen peroxides into oxygen and
water and protects the tissue from oxidative damage by
highly reactive oxygen free radicals and hydroxyl radicals
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Plate 1 Selected photomicrograph of kidney section
(x400) in group | (control) showing

normocellular glomerular tufts disposed on a background
containing renal tubules with no visible lesions.

¢

»

Plate 3 Selected photomicrograph of kidney section
(x400) in group Il (250 mg/Kg. bwt) showing
normocellular glomerular tufts disposed on a background
containing renal tubules with no visible lesions.

Plate 5. Selected photomicrograph of liver section (x400)
in group | (control) showing normal hepatocytes with no
visible lesions.

Plate 2 Selected photomicrograph of kidney section (x400)
in group Il (125 mg/Kg. bwt) showing normocellular
glomerular tufts disposed on a background containing renal
tubules with no visible lesions.

Plate 4. Selected photomicrograph of kidney section
(x400) in group IV (500 mg/Kg. bwt) showing
normocellular  glomerular tufts disposed on a
background containing renal tubules with no visible
lesions.

Plate 6. Selected photomicrograph of liver section
(x400) in group Il ((125 mg/Kg. bwt) showing normal
hepatocytes with no visible lesions.

Plate 7. Selected photomicrograph of liver section
(x400) in group lll (250 mg/Kg. bwt) showing normal
hepatocytes with no visible lesions.

Plate 8. Selected photomicrograph of liver section
(x400) in group IV (500 mg/Kg. bwt) showing normal
hepatocytes with mild fatty deposit.

Figure 2. Photomicrograph of kidney and liver section stained with hematoxylin and eosin (H&E
x400) for sub-acute toxicity test with animals administered with Cymbopogon citratus.
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Table 2. The effect of Cymbopogon citratus ethanolic extract on liver biomarker enzymes and lipid profile in albino rats.

Parameter Group | Group Il Group Il Group IV

AST (U/L) 18.53+1.09% 17.72+1.05" 15.6621.13° 20.05+1.25°
ALT (UIL) 9.57+1.04%° 8.05+0.85" 10.82+1.16% 10.20+1.56%
GGT (U/L) 2.22+0.74%° 1.26+0.52° 2.68+0.39% 2.95+0.76°

TC (mg/dI) 107.82+9.43° 112.54+9.32° 109.63+8.79° 101.81+2.15°
TG (mg/dI) 72.91+9.61% 83.62+17.55% 81.43+10.17% 73.98+18.24%
HDL-Chol (mg/dI) 58.08+2.42° 61.76+2.32°° 64.17+2.69° 69.13+3.42°
LDL-Chol (mg/dI) 35.16+1.29% 34.06x2.08% 29.17+1.15° 17.88+1.07°
TP (mg/dI) 9.55+1.02° 11.56+0.80% 11.94+0.36% 12.07+0.41%
Creatinine (mg/dl) 0.758+0.086% 0.784+0.095% 0.497+0.079" 0.479+0.088"

Data are presented as Mean + SD (n=7). One-way ANOVA Posthoc Tukey’s test was used for comparing significant difference
between the different groups across the rows. a=highest, b= medium, c=lowest. Those groups that have the same letters are not
significant (P>0.05) while those that have different letters are significant (P<0.05) when comparing across the rows.

Table 3. The effect of Cymbopogon citratus ethanolic extracts on oxidative stress parameter in Sprague Dawley albino rats.

Parameter Group | Group Il Group Il Group IV
MDA (nmol/l) 7.07+0.8522 5.45 +0.473" 5.25 +0.391° 4.32+0.685°
Catalase (umol/min/mg protein) 71.75+1.65" 72.34+1.72° 74.87+1.36° 74.01+1.42%
GSH 0.285+0.078% 0.296+0.087% 0.264+0.077% 0.312+0.068%
GPX 0.374 +0.009" 0.424+0.007% 0.394+0.071% 0.441+0.019%
(SOD)% inhibition 89.79+1.56" 92.53+1.87% 93.08+2.89% 93.45 +1.81°
SOD unit 8.79+0.883° 12.39+0.927° 13.85+0.657° 14.27+0.842%
Total protein (g/dl) 6.13+0.25" 6.92+0.48" 8.67+0.78° 8.43 +0.60°

Data are presented as Mean = SD (n=7). One-way ANOVA Posthoc Tukey’s test was used for comparing significant
difference between the different groups across the rows. a=highest, b= medium, c=lowest. Those groups that have the
same letters are not significant (P>0.05) while those that have different letters are significant.

(Momoh et al., 2018a). Glutathione (GSH) is a dipeptide
compound containing glutamate, cysteine and glycine
amino acids whose antioxidant function is facilitated by
the sulphydryl group of cysteine. In the oxidation reaction
of glutathione, the sulphur forms a thiyl radical that reacts
with a second oxidized glutathione forming a disulphide
bond (GSSG). GSH is found in most plant and animal
tissues, cells and subcellular compartments of higher
plants. GSH can reacts chemically with superoxide,
singlet oxygen and hydroxyl radicals and therefore
function directly as a free radical scavenger. Glutathione
may stabilize membrane structure by removing acyl
peroxides formed by lipid peroxidation reactions (Price et
al., 1990). Glutathione peroxidase is a selenium-
dependent enzyme, which decomposes H,O, and various
hydro- and lipid peroxides (Kinnula et al., 1995). SOD is
an effective defence enzyme that catalyzes the
dismutation of superoxide anions into hydrogen peroxide
(Momoh et al., 2018a). We observed significant increase
(P<0.05) in catalase, SOD%, SOD unit and total protein
in the animals’ administered C. citratus compared to the
control healthy animals in the sub-acute toxicity test. The

level of GSH and GPX (except for group 1V) did not show
any significant difference while MDA values were lower in
the rats administered with C. citratus. This is an indication
that the plant can reduce oxidative stress caused by the
presence of ROS.

Histological study shows that the tissue shows
normocellular glomerular tufts disposed on a background
containing normal renal tubules and no abnormalities are
seen in Plates 1 to 4. Plates 5 to 7 histopathology of the
liver shows normal radially arranged hepatocytes
extending from portal tracts to central veins and no fatty
change or sinusoidal congestion are seen but Plate 8
shows small cytoplasmic fat microvesicles (Figure 2).
Sub-acute administration of C. citratus did not cause any
major toxic effects on the biochemical parameters, liver
and kidney architectures. The hepato-protective effects of
C. citratus extract in rats with oxidative stress induced by
CCl, was investigated. It is generally believed that the
hepatotoxicity induced by CCl4 is due to the formation of
the active metabolite, trichloromethyl free radical (CCl3).
This then readily interacts with molecular oxygen to form
the trichloromethyl peroxy radical (CCl;00"). Both
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Table 4. Hematological parameters of CCls-induced hepatotoxic rats treated with silymarin and Cymbopogon citratus extracts.

Hematological

parameter Group A Group B Group C Group D Group E Group F
WBC (x10°/L) 13.66+3.02™  11.29+1.06™° 13.460.74™ 16.06+0.99™ 18.15+2.73™ 14.5+¢1.11"
Lymph# x10%L  5.12+0.421™  4.70+0.616™ 4.36+0.545™" 5.41+0.414™ 2.73+0.553" 3.7240.247"
Mid# x10%/L 1.32+0.035° 0.71+0.059° 3.51+0.181™ 2.14+0.154" 1.13+0.083" 1.38+0.066°
Gran# x10°/L 3.82+0.125™ 1.7040.045° 1.82+0.055° 3.18+0.073" 3.77+0.093™ 3.71+0.094™
Lymph% 47.34+2.05" 66.90+3.28™ 49.56+3.24" 51.18+3.08" 38.68+2.28° 49.43+2.52"
Mid% 9.45+0.722° 9.20+0.831° 11.52+0.688° 15.18+0.852" 16.45+1.131" 18.55+1.077™
Gran% 44.52+2.06" 23.93+0.95° 43.35+2.59" 44.14+1.79" 50.75+1.63™ 48.18+0.87™
HGB g/dI 15.98+0.65" 11.91+0.42° 15.04+0.67™ 14.00+0.85° 18.18+0.70™ 17.63+0.90™
RBC (x10°%L) 7.98+0.27°" 6.33+0.13¢ 7.15+0.23 7.27+0.30%° 9.32+0.74™ 8.49+0.82""
HCT% 47.68+2.91™™ 44.01+1.46° 48.98+1.98™ 47.88+1.97™ 52.55+1.10™ 50.60+1.50™™
MCVA 66.92+1.69™ 62.81+3.31™ 67.06+3.74™ 64.91+4.29™ 58.01+3.57™" 56.30+5.32"
MCH pg 20.24+0.64" 18.47+0.93" 19.030.76" 18.960.71" 32.90+2.33™ 33.43+2.54™
MCHC g/dl 30.84+0.89™" 29.51+0.71" 29.32+1.63" 29.11+0.93" 33.35+1.42" 32.48+1.19™
RDW-CV % 17.56+1.835™  16.90+0.530™ 16.52+0.462" 16.98+0.510" 15.33+1.201™ 15.98+1.810™
RDW-SD fi 38.67+£3.98"  36.31+2.70™ 37.28+2.39™ 37.06+£2.15™  33.54+2.94™ 32.72+3.87™"
PLT (x10%L) 501.23+39.31" 685.31+25.28™ 561.29+23.25™"™  672.20+51.73™  601.48+45.98™"  624.87+41.84™
MPV fi 8.26+0.913™ 7.91+0.341™ 8.11+0.133™ 7.66+0.775™ 8.13+0,422™ 7.68+0.765™
PDW 16.46+1.181™  16.53+0.945™ 16.16+1.067™ 16.28+0.847™ 16.65+0.684™ 16.13+0.667™
PCT % 0.4160.041™  0.507+0.033™  0.449:+0.021™  0.516+0.098"  0.506+0.052™  0.505+0.043™"

The values are the Means + SD for seven rats in each group. Values with different alphabet superscript in the same row indicate significantly different
(P<0.05). Comparisons across the row were done using Bonferroni’'s multiple comparison. A P<0.05 was considered statistically significant.

Table 5. Effect of silymarin and Cymbopogon citratus extracts on plasma liver biomarker enzymes, urea, creatinine and TP in

CCls-induced hepatotoxic rats.

S/N Parameter Group A Group B Group C Group D Group E Group F
1 AST (ULL) 18.55£1.22" 80.27+8.71™ 24.73x3.65" 23.01#4.52" 23.242253" 22.51+3.14"
2 ALT (UL) 10.78+1.11° 48.35+4.45™ 25.61+3.93" 30.05+4.83" 15.69+1.49°  13.52+2.89°
3 ALP (UL) 8.9620.94° 24.32x3.12™ 9.43+1.62° 13.38x2.74" 10.17+2.76™  8.23+2.17°
4  GGT (UML) 2.29+0.18" 10..25+0.46™ 3.75+0.17" 3.16+0.27™  2.67+0.45" = 2.77+0.67"
5  Urea (mg/dl) 19.83£1.85° 34.87+2.11™ 29.34x1.19" 25.42+1.71° 30.73x1.67" 32.22+2.86™
6  Creatinine (mg/dl) 0.743x0.09" 0.897+0.02™ 0.801+0.01" 0.798+0.03" 0.839+0.02"  0.644%0.07°
7 TP (g/dl) 9.65+0.87"  7.66+0.53"  8.84+0.94™ 8.25+0.65" 11.75+0.42"  11.49+0.82"

The values are mean + S.D, for seven rats in each group. Values with different alphabet superscript in the same row indicate
significantly different (P<0.05). Comparisons across the row were done using Bonferroni’s multiple comparison. A P<0.05 was

considered statistically significant.

Table 6. Effect of silymarin and Cymbopogon citratus extracts on oxidative stress parameters in CCls-induced rats.

Oxidative stress parameter Group A Group B Group C Group D Group E Group F
LPO (x10° mM MDA/mg protein) ~ 8.26+0.19"° 16.56+2.30™ 10.11+0.92™  11.45+1.15" 6.73+0.39% 5.87+1.25%
CAT (umol/min/mg protein) 71.83+6.85™ 45.63+3.93° 68.36+6.83™ 59.70+5.46™"  73.54+5.93™  70.81+4.73"
SOD% inhibition 90.61+4.85™ 58.74+3.45° 82.52+3.22™  70.14+4.26" 85.36+3.81™ 87.62+3.07™
SOD unit 9.65+2.95™  1.42+0.28"°  4.72+0.96™°  2.35+0.32”°  583+0.95™"  7.08+1.87™
GSH (mg/mg protein) 0.37+0.01™  0.16+0.09"  0.26+0.02"°  0.21+0.01°°  0.29+0.02™"  0.35+0.05™"

The values are mean = S.D (n = 7). Values with different alphabet superscript in the same row indicate significantly different (P<0.05). Comparisons
across the row were done using Bonferroni’s multiple comparison. A P<0.05 was considered statistically significant.
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Plate 9. Selected photomicrograph of liver
sections stained with hematoxylin and eosin
(H&E x400) for group A (control) showing
normal histological structure of hepatocytes,
hepatic cords, central vein and sinusoids.

Plate 11. Selected photomicrograph of liver
sections stained with hematoxylin and
eosin (H&E x400) for group C animals
showing packing of the hepatic sinusoids
with red blood cells and congestion.

Plate 13. Selected photomicrograph of liver
sections stained with hematoxylin and
eosin (H&E X 400) for group E rats treated
with 300 mg/kg b.wt of C. citratus leaf
extract for five weeks showing many
hepatocytes contain  cytoplasmic fat
vacuoles.

Plate 10. Selected photomicrograph of liver
sections stained with hematoxylin and eosin
(H&E x400) for rat administered with CCl, and
olive oil (group B) mixture. Inflammation of
cells and degeneration of hepatocytes due to
necrosis were observed.

Plate 12. Selected photomicrograph of
liver sections stained with hematoxylin
and eosin (H&E x400) for group D rats
administered with olive oil.

Plate 14. Selected photomicrograph of
liver sections stained with hematoxylin
and eosin (H&E x400) for group F rats
intoxicated with CCl4 and treated with 600
mg/kg b.wt of C. citratus extract. No
abnormalities seen.

Plate 15. Selected photomicrograph of liver
sections stained with hematoxylin and eosin
(H&E X 400) for group F rats intoxicated with
CCl, and treated with 600mg/Kg b.wt of
C.citratus extract. No abnormalities seen.
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Figure 3. Photomicrograph of liver section stained with hematoxylin and eosin (H&E X
400) for CCls-induced liver damage in male albino rats treated with silymarin and
Cymbopogon citratus extracts.
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radicals are capable of binding to lipids, proteins and
other macromolecules with simultaneous attack on poly-
unsaturated fatty acids to produce lipid peroxidation
leading to hepatotoxicity (Momoh et al., 2018a). H,0,
have also been used as an animal model for the
induction of liver damage (Mello et al., 1984; Ganie et al.,
2011).

Hematological and biochemical indices are reliable
parameter for the assessment of the health status of
animals (Momoh et al, 2018a). Evaluation of
hematological parameters would be helpful in determining
the toxic effects of C. citratus extract on animal blood.
WBC helps the body to fight against infection, defend the
body by phagocytosis against invasion by foreign
organisms and to produce or at least to transport and
distribute antibodies in immune response. RBC helps to
check the level of anemia and to evaluate normal
erythropoiesis. HGB level shows the amount of
intracellular iron present while HCT indicates the volume
of RBC in 100 ml of blood and it helps to determine the
degree of anemia or polycythemia (Momoh et al., 2018a).
The study shows that there are significant decrease
(p<0.005) in the level of blood WBC, Mid#, Mid%, Gran%,
Gran#, HGB, RBC, HCT, MCH and MCHC of the CCl,
intoxicated rats (Group B) compared to the animal treated
with C. citratus extract (Table 4). The significant reduction
(P < 0.05) in these hematological parameters in Group B
animals may be attributed to the cytotoxic effects and
suppression of the erythropoiesis caused by the
administration of CCl, There were significant increase
(P<0.05) in the Lymph#, Lymp% in the animals
administered CCl; without treatment compared with
animals treated with C. citratus extract (groups E and F).
C. citratus extract causes significant increase (P<0.05) in
Mid%, Gran%, HGB, MCH, PLT, and a decrease in
Lymph# and MCV values in groups E and F rats
compared to healthy animals (group A). This is an
indication that the plant may aid in the increase of the
immune system against infections and stimulate the
production of hemoglobin. Other hematological
parameters like RDW-CV, RDW-SD, MPV, and PDW
showed no significant differences in the entire groups.
The results obtained from this study showed clearly that
ethanolic leaf extracts of C. citratus is not hematotoxic.

The present study demonstrates that C. citratus extract
attenuates liver damage due to CCl, administration as
indicated by the significant reduction in the elevated
levels of AST, ALT, ALP, GGT and increase in TP levels
of groups E and F animals. The administration of C.
citratus extract displayed similar results as that of the
control (group A), with slight amelioration in most of the
studied parameters. The result obtained from this study
showed that there were significant increase (P<0.05) in
the levels of AST, ALT, ALP and GGT values of group B
animals compared to other animals in other groups. This
may imply that severe damage occurs in the liver cells of
the animals administered with CCl, since the activities of

these enzymes are reported to be increased in liver
damage. Treatment with C. citratus extract and silymarin
markedly reduced the effect of CCl, induced liver damage
as evidenced by decreased in the level of these plasma
liver biomarker enzymes activities (AST, ALT, ALP and
GGT). The significant increase in these liver biomarker
enzymes in the plasma of these animals is an indication
of hepatotoxicity of the liver in the animals administered
with CCl, (Mahesh et al., 2009) and this causes cellular
leakage and loss of functional integrity of the hepatic cell
membrane (Gupta and Singh, 2007; Kalegari et al.,
2014). The study shows that there were significant
increase (P<0.05) in the urea and creatinine levels of
group B animals compared to other groups. This is an
indication of severe kidney damage in group B animals.
Group B rats have lower level of TP value compared to
healthy animals (group A) and animals administered with
C. citratus extract. The significant decrease (P<0.05) in
the total protein values of animals administered with CCl,
without treatment compared to other animals in groups A,
C, E and F, respectively, may be due to considerable
liver damage through induction of peroxidation of lipids
and inhibiting protein synthesis due to trichloromethyl free
radical covalent bindings (Momoh et al., 2018a; Lee et
al.,, 2004). In this study, there was significant increase
(P<0.005) in the catalase, SOD% inhibition, SOD unit and
decrease in MDA values in the liver tissue homogenate of
the rats treated with C. citratus extract and group A
animals compared with group B animals. MDA increased
after oral administration with CCl,, treatment with C.
citratus leaf extracts and silymarin reduce the level of
MDA (P<0.05). Inhibition of elevated MDA levels
observed in C. citratus extract and silymarin treated
groups may be due to their antioxidant and free radical
scavenging activities through re-establishment of
biomembranes of hepatic parenchymal cells. Nwosu’'s
study shows that aqueous leaf extract of C. citratus
exhibits protective role in animals exposed to toxic dose
of paracetamol by its ability to enhance free radical
scavenging activity which lead to increase in the levels of
antioxidants measured (Nwosu et al, 2015).
Furthermore, it was observed that aqueous leaf extracts
of C. citratus has an antihepatotoxic action against
dimethylnitrosamine (DMN) induced hepatic oxidative
damage in rats which might be ascribed to its antioxidant
and free radical scavenging property (Naglaa et al.,
2015). The observed protective effect of silymarin against
lipid peroxidation could be related to its antioxidant
effects which assist in the preservation of membrane
integrity. Silymarin can chelate transition metal ions such
as copper and iron rendering them effective antioxidants
(Momoh et al., 2018a).

The results of the histological study are as shown in
Figure 3. Histological examination results are consistent
with that of the biochemical analysis. The liver of the
control animals (group A) showed a normal arrangement
of hepatocytes and sinusoids. The cytoplasm was not



vacuolated. Areas of infiltration by inflammatory cells,
changes in fats and necrosis were not observed (Plate 9).
Group B rats, which were exposed to CCl, for 35 days,
exhibited severe histo-pathological alterations which
include cytoplasmic vacuolization, inflammation of cells,
congestion, infiltration, and degeneration of hepatocytes
due to necrosis (Plate 10). The rats (group C) treated
with silymarin showed sinusoidal congestion (Plate 11).
The group D rats showed normal arrangement of
hepatocytes and sinusoids, the olive oil did not affect the
liver architecture of the animals. Histologic section of
tissue shows parallel plates of hepatocytes with oval
nuclei and moderate eosinophilic cytoplasm. All the
vessels appear normal; no abnormalities are seen (Plate
12). The group E rat showed many hepatocytes
containing cytoplasmic fat vacuoles (Plate 13), while
animals administered with higher concentration of C.
citratus (group E) showed significant improvement
evident through a well arranged of hepatocytes with
cytoplasm not vacuolated (Plates 14 and 15). Sinusoids
well preserved, no fat inclusions or atypia is seen and no
abnormalities seen when compared with CCl, intoxicated
rats without treatment (Figure 3). In another research
work carried out by Naglaa et al. (2015), it was observed
that animals administered with C. citratus significantly
reversed the effect of dimethylnitrosamine on the liver
structure in the histopathological study (Naglaa et al.,
2015). This study shows that C. citratus ethanolic leaf
extracts significantly (P<0.05) reduces the damage effect
of CCl, on liver architecture of male Sprague Dawley rats.

Conclusion

The current results demonstrate that C. citratus has a
potent hepatoprotective effect against CCl,-induced liver
injury in Sprague Dawley rats. C. citratus treatment
significantly reduced increase in liver biomarker enzyme
activities and attenuates oxidative stress-induced
pathological changes
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