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ABSTRACT

Aim: The effect of the methanolic extract of Ocimum gratisimum (OG) leaves on the
tissue damage induced by ischemia-reperfusion (IR) injury in the rat intestine was
investigated.
Study Design: Randomized controlled experiment.
Place and Duration of Study: Experimental Animal Unit and Faculty of Veterinary
Medicine, University of Ibadan, Nigeria from March to May, 2013.
Methodology: 18 rats were divided randomly into 3 groups of 6 rats each. Group I served
as control; Group II had IR injury by laparotomy with clamping of the Superior mesenteric
artery (SMA) for 30 minutes followed by removal of the clamp for 45 minutes; Group III
was pre-treated orally for 7days with methanolic extract of Ocimum gratissimum (MEOG)
followed by IR injury. Sections of the duodenum and ileum were cut for histopathological
examination. The remaining tissues were processed for the determination of biochemical
markers of oxidative stress including Hydrogen peroxide (H2O2), Malondialdehyde (MDA)
and Glutathione concentrations.
Results: Mean values of MDA and H2O2 levels were significantly elevated (P=0.004 and
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P=0.03, respectively) in intestinal tissues following IR compared to control while reduced
glutathione (GSH) levels were not significantly altered. OG (500mg/kg) caused significant
reduction (P=0.02 and P=0.04) in MDA concentrations and H2O2 generation, respectively
compared with the IR group. Histopathological examination revealed erosions and
stunting of the villi tips in the duodenum and ileum, with severe mononuclear infiltration at
the mucosal surface in the IR group. No visible lesions were observed in the intestine of
the control group, with no significant alterations in the intestinal epithelium of the OG-
treated rats.
Conclusion: The results suggest that OG may provide some protection against intestinal
mucosal injury induced by ischemia-reperfusion, through its anti-oxidative effects.
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1. INTRODUCTION

The syndrome of ischemia reperfusion (IR) plays a fundamental role in the pathophysiology
of several clinical-surgical conditions [1], including those involving the gastro-intestinal
system. Intestinal ischemia may be caused by intestinal intussusception, acute mesenteric
arterial occlusion and hemodynamic shock [2]. Ischemia in the intestine may also occur by
means of arterial occlusive processes such as thrombi or embolisms, or more commonly by
non-occlusive processes that cause low mesenteric flow such as in cardiac insufficiency,
sepsis or administration of alpha-adrenergic agents or digitalis [3]. Blockage of arterial blood
supply to tissues causes alterations in tissues by restricting oxygen supply and impeding
aerobic energy metabolism, with resultant tissue injury [4].

Re-introduction of oxygen to the tissues during re-perfusion can exacerbate tissue injury
caused by ischemia with release of pro-inflammatory substances and the formation of
oxygen-derived free radicals [5]. Reperfusion of ischemic tissues results in the formation of
toxic reactive oxygen species (ROS), including superoxide anions, hydroxyl radicals,
hypochlorous acid (HOCl), hydrogen peroxide (H2O2), and nitric oxide-derived peroxynitrite.

Pathophysiological mechanisms for the generation of ROS in ischemia-reperfusion injury
have been described [6]. During ischemia, cellular ATP is degraded to form hypoxanthine.
Normally, hypoxanthine is oxidized by xanthine dehydrogenase to xanthine. However, during
ischemia, xanthine dehydrogenase is converted to xanthine oxidase. Unlike xanthine
dehydrogenase, which uses nicotinamide adenine dinucleotide as its substrate, xanthine
oxidase uses oxygen and therefore, during ischemia, is unable to catalyze the conversion of
hypoxanthine to xanthine, because of reduced levels of oxygen resulting in a buildup of
excess tissue levels of hypoxanthine. Therefore, when oxygen is re-introduced during
reperfusion, conversion of the excess hypoxanthine by xanthine oxidase results in the
formation of toxic ROS.

Reactive oxygen species, such as superoxide and hydroxyl radicals are known to cause
tissue damage directly or indirectly [7]. Early research supports the hypothesis that the
intestine appears to be the most sensitive to IR injury among the other internal organs [8,9].
Since the phenomenon of ischemia and reperfusion is almost inevitable in many surgical
procedures, efforts have focused on minimizing the extent of damage to tissues produced as
a result of the process. Research efforts in this direction have focused mainly on the use of
antioxidant compounds. Antioxidants are substances that can delay or inhibit the oxidation of
lipids or other molecules by inhibiting the initiation or propagation of oxidative chain reactions
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as a result of reactive oxygen species [10]. Antioxidants protect other molecules from
oxidation when they are exposed to free radicals and reactive oxygen species [11].Several
antioxidant compounds have been experimentally studied for their potential in ameliorating
the damage produced during IR injury in intestinal tissues. They include Vitamin E, Vitamin
C, Mannitol, dimethylthiourea, allopurinol, N-acetyl cysteine, Iron chelators, among others [5,
12, 13, 14].

Pre-treatment of patients prior to surgery with potent and relatively cheap antioxidants may
represent a viable means of preventing extensive damage to tissue that result from clamping
of major vessels and re-establishment of blood flow that characterizes most surgeries
associated with gastro-intestinal tract tissues. Recently, there has been a great increase in
interest in natural antioxidant phytochemicals of plant origin since they are viewed as
promising therapeutic drugs for free radical pathologies [15,16].

Ocimum gratissimum (OG) is an erect herb belonging to the family Lamiaceae. The plant is
indigenous to tropical areas, including India and West Africa. In Nigeria, It is found in the
Savannah and coastal areas [17]. It has a characteristic pleasant aroma due to its volatile oil
[18]. The plant is well known in Nigeria folk medicine to manage different diseases, including
rheumatism, paralysis, epilepsy, diarrhea, influenza and gonorrhea [19, 20]. In addition, the
plant is used as a spice and condiment in the southern part of Nigeria. OG is cultivated
widely in the tropics and is reported for several therapeutic properties which include anti-
diarrhea effects [21]; gastro-protective properties [22]; anti-bacterial activity [23]; anti-fungal
properties [24]; anti-mutagenic activity [25], etc.

Methanolic extracts of OG has been observed to possess potent 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical, hydroxyl radical, superoxide radical and nitric oxide radical
scavenging activities [26]. It was found to be able to prevent lipid peroxidation and is thought
to have huge potential as a therapeutic agent for the control of oxidative damage caused by
reactive oxygen species.

The aim of this study was to determine whether the methanolic extract of Ocimum
gratissimum (MEOG) could attenuate intestinal ischemia-reperfusion injury in rats.

2. MATERIALS AND METHODS

2.1 Collection and Identification of Plant Material

Ocimum gratissimum (OG) leaves were obtained within the premises of the University of
Ibadan, Nigeria. They were botanically identified and authenticated by Mr. Esimenkhuai
Donatus and a voucher specimen was deposited at the Department of Botany, University of
Ibadan, Nigeria.

2.2 Extraction

Fresh leaves of OG were cleaned, air-dried and crushed into coarse powder using an
electric blender. The powdered leaf was marcerated in 2.5 litres of methanol for 24 hours
and agitated at intervals. The mixture was filtered thereafter and filterate was concentrated in
vacuo at 40ºC using a rotary evaporator to give a residue methanolic extract of OG.
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2.3 Animal Protocol

Male Wistar rats (150-200g) obtained from the Experimental Animal Unit, Faculty of
Veterinary Medicine, University of Ibadan, Nigeria, were used for this study. They were kept
in a well-ventilated animal house and provided with rat pellets and water ad-libitum for the
period of the study. The animals received humane care according to the criteria outlined in
the ‘Guide for the care and Use of Laboratory Animals’ published by the National Institute of
Health. The ethic regulations were followed in accordance with National and Institutional
guidelines of the University of Ibadan Ethical Committee for the protection of animal welfare
during experiments.

2.4 Experimental Design

18 rats were randomly assigned to 3 groups of 6 rats per group. Group I received distilled
water in the same volume as that of treated rats; group II animals were the IR group. Rats in
group III were pre-treated with methanolic extract of Ocimum gratissimum (MEOG,
500mg/kg) for 7 days, before induction of IR. The dose of MEOG was chosen based on
previous studies [22]. MEOG was administered orally using a calibrated 1 mL syringe with
attached cannula.

2.5 Induction of Ischemia-Reperfusion Injury

Rats were anesthesized with Ketamine (40mg/kg; i.m.) and Xylazine (5mg/kg; i.m.). A
ventral midline laparotomy was performed after shaving and local cleaning with antiseptic
solution. To induce ischemia, the superior mesenteric artery (SMA) was dissected out and
carefully clamped with an atraumatic micro-vascular clip. Thereafter, the intestines were
returned into the abdomen and the incision was closed temporarily with Prolene (Ethicon®).
The clip was removed following 30 minutes of occlusion of the SMA and reperfusion was
allowed for 45 minutes. The animals were thereafter sacrificed by cervical dislocation. The
small intestines from the duodenum to the ileum were removed. They were everted inside
out. Portions of the ileum (about 5 cm proximal to the cecum)  and duodenum (about 5 cm
distal to the stomach) were cut and fixed in 4% formalin and embedded in paraffin for section
and histological assessment, which was performed by an independent assessor who was
blind to the treatments. The remaining segments of the small intestine were washed in
normal saline. These were homogenized in 50mM Tris-Hcl buffer (pH 7.4) containing 1.15%
Potassium chloride and the homogenate was centrifuged at 10,000g for 15 minutes at 4ºC.
The supernatant was collected for the estimation of biochemical parameters.

2.6 Biochemical Assays

Supernatants from the intestinal homogenate were used in the estimation of
Malondialdehyde (MDA) content, hydrogen peroxide (H2O2) generation and reduced
glutathione (GSH) concentration. GSH was determined at 412nm using the method
described by Beutler et al [27]. Hydrogen peroxide generation was assessed by the method
of [28]. MDA as an index of lipid peroxidation in the intestinal tissues was quantified
according to the method described by Farombi et al [29] and expressed as micromoles of
MDA/g tissue, using a molar extinction co-efficient of 1.56 X 105 M-1 cm-1 [30].
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2.7 Statistical Analysis

Statistical analyses were done using one-way analysis of variance (ANOVA) to compare the
experimental groups. Student’s t-test with SPSS (Student version 7.5, SPSS Inc. UK) was
also used for comparisons between the groups and P values less than 0.05 were considered
statistically significant.

3. RESULTS

3.1 Histopathology

Details of the histological appearance of the mucosa of duodenum and ileum in the different
groups are presented in Table 1. Representative photomicrographs are presented in Fig. 1.
Injury to the intestinal mucosa was very evident and severe in the IR group compared with
control rats and those pre-treated with OG.

Table 1. Description of Histological appearance of duodenum and ileum mucosae in
the experimental groups

Group Histological appearance
C(D) Normal appearance of villi and glands; no visible lesions seen.
C(I) Normal appearance of villi and glands; no visible lesions seen.
IR(D) Moderate erosion at the villi tips; they are covered with pink staining material.
IR(I) Moderate erosion of the mucosa. The villi are severely stunted. There is

severe mononuclear cellular infiltration at the mucosal surface.
IR+OG(D) Normal epithelium; no lesions observed.
IR+OG(I) Normal epithelium; no lesions observed.
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Fig. 1. Histological appearance of the small intestine in rats
C: control; IR: Ischemia/reperfusion; IR + OG: Ischemia reperfusion + Ocimum gratissimum; D:

duodenum; I: ileum. (Mag. X 100)

3.2 Biochemical Parameters

MDA levels were increased significantly (P=.004) in the IR group (6.68±1.02), compared to
control (2.87±0.96). However, significant reduction (P=.03) in MDA levels were observed in
the rats pre-treated with OG (3.72±0.92), compared to IR-treated rats (Fig. 2).
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Fig. 2. Effect of Ocimum gratissimum (500mg/kg) on Malondialdehyde concentration
in acute intestinal IR injury in rats (mean±standard deviation)

aSignificant difference (p<0.05) versus control; bSignificant difference (p<0.05) versus IR only

In a similar fashion, hydrogen peroxide levels were significantly higher (P=0.02) in IR group
(153.33±0.76) compared to the control (141.67±0.52). Pre-treatment with OG also caused
significant reduction (P=0.04) in Hydrogen peroxide generation in group III rats
(134.10±0.49) compared to the IR group (Fig. 3).

Fig. 3. Effect of Ocimum gratissimum (500mg/kg) on Hydrogen peroxide generation in
acute intestinal IR injury in rats (mean±standard)

aSignificant difference (p<0.05) versus control; bSignificant difference (p<0.05) versus IR only.
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Levels of GSH were reduced insignificantly (P=0.15) in the IR group (23.90±0.57) when
compared to control rats (26.20±0.57). GSH levels in OG-treated rats (24.30±0.35) were not
significantly different (P=0.28) from those of the IR-group (Fig. 4).

Fig. 4. Effect of Ocimum gratissimum (500mg/kg) on reduced glutathione (GSH)
concentration in acute intestinal IR injury in rats (mean±standard)

aSignificant difference (p<0.05) versus control; bSignificant difference (p<0.05) versus IR only

4. DISCUSSION

Ischemia and reperfusion of the small intestine can provoke a number of consequences
which include rupture of the mucosa barrier, bacterial translocation and the activation of
inflammatory responses, together with electrolyte and acid-base disturbances which can be
manifested in distant organs [31, 32].

Early studies recognized the involvement of oxygen-derived free radicals in the
pathogenesis of ischemia-reperfusion-induced damage in the gastro-intestinal tract [33, 34,
35]. Superoxide radicals and hydrogen peroxide are considered to be the major free radicals
contributing to gastro-intestinal injury after ischemia-reperfusion injury [36]. In addition, the
oxidant stress in ischemia-reperfusion injury is accompanied by consumption of reduced
glutathione with the formation of oxidized glutathione in the gastro-intestinal mucosa [37, 38].

In the present study, acute IR injury induced in the intestinal mucosa produced a significant
increase in hydrogen peroxide generation. Dismutation of the superoxide radical, either
spontaneously or catalyzed by superoxide dismutase (SOD) produces hydrogen peroxide.
Typically, the reaction of superoxide radical and hydrogen peroxide, both of which are
relatively less reactive, produces the highly reactive and harmful hydroxyl radical (OH) by the
Haber-Weiss reaction. OH. causes tissue damage by stimulating chain reactions involving
attack on membrane phospholipids, resulting in lipid peroxidation [9]. In line with the
increase in hydrogen peroxide generation, there was also a corresponding significant
increase in malondialdehyde (MDA) contents of the intestinal mucosa of rats subjected to IR
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injury in this study. GSH levels in this study were not significantly altered, although there was
a decrease in GSH levels in the IR group compared to control rats. These markers point to
significant oxidative stress in the intestinal tissues following the induction of ischaemia-
reperfusion injury.

The intestine has been observed to be very susceptible to IR stress as it is composed of
labile enterocytes that are easily injured by episodes of ischemia and subsequent
reperfusion causing further damage to the intestinal mucosa [39]. It is known that the
enterocytes located at the villi tips are more sensitive to the effect of ischemia than those at
the crypts, because they are located at the end of blood supply of a central arteriole and so
experience a relative lack of collateral blood flow [40]. There is, therefore, the likelihood of
lower partial pressures of oxygen in the distal enterocytes when compared with those of the
crypts.

The histological examination of the intestinal mucosa from rats subjected to IR injury in this
study revealed erosions of the villi tips in both the duodenum and ileum segments with
stunting of the villi and severe mononuclear cell infiltration at the mucosal surface. On the
contrary, intestinal mucosa of control rats were completely normal.

Pre-treatment of rats daily for 7 days with the methanolic extract of Ocimum gratissimum
(500mg/kg) produced significant reductions in Hydrogen peroxide levels and MDA
concentration in the intestinal tissues compared to those subjected to IR only. GSH levels in
those rats pre-treated with MEOG were not significantly affected. Previous phytochemical
studies on leaves of OG have shown that it contains alkaloids, tannins, saponins, flavonoids,
sterols among others. Tannins and flavonoids, especially, are compounds with antioxidant
properties [41]. The dosage of MEOG was carefully chosen according to previous acute
toxicity studies performed on the extract [22]. The histological appearance of the mucosa of
duodenum and ileum in rats pre-treated with MEOG also appeared largely normal.

From the results of this study, the MEOG appears to hold promise as a potent antioxidant in
ameliorating oxidant stress induced by ischemia-reperfusion injury in the intestinal mucosa
of rats. If properly standardized, the extract could be a good addition to the pre-medication
regimen prescribed for patients undergoing gastro-intestinal elective surgery and possibly a
good supplement in the post-surgical management of the same category of patients.

4. CONCLUSION

The inevitability of occlusion and re-introduction of blood supply during surgical
procedures involving the gastro-intestinal tissues requires adequate intervention to
manage the accompanying oxidant stress that may cause tissue damage following
surgery. Ocimum gratissimum, from the present study showed promise for
attenuating ischemia-reperfusion injury in rats and could therefore be further
explored for this beneficial effects.
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