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We evaluated the modifying effects of ethanolic extract of neem leaves (Azadirachta indica A. Juss)
on oxidative stress induced by the potent gastric carcinogen N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) in male Wistar rats. The extent of lipid peroxidation and the status of the antioxidants super-
oxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH), glutathione peroxidase (GPx)
and glutathione S-transferase (GST) were used as intermediate endpoints of chemoprevention. Three
different concentrations of ethanolic neem leaf extract (100, 200 and 400 mg kg~ body weight) were
administered by intragastric intubation (i.g) for five consecutive days followed by MNNG (i.g) 1.5h
after the final administration. Enhanced lipid peroxidation was accompanied by compromised anti-
oxidant defences in the stomach, liver and erythrocytes of MNNG-treated rats. Pretreatment with
ethanolic neem leaf extract at a dose of 200 mg/kg body weight (bw) significantly lowered the concen-
tration of lipid peroxides and increased antioxidant levels. Our results demonstrate that neem leaf
exerts its chemoprotective effects on MNNG- induced oxidative stress by decreasing lipid peroxidation

and enhancing the antioxidant status.

1. Introduction

Chemoprevention has evolved as a promising approach to
control the incidence of cancer, a disease that accounts for
7 million deaths per year worldwide [1]. The current focus
of chemoprevention is on intermediate biomarkers capable
of detecting early changes that can be correlated with in-
hibition of carcinogenic progression. Many chemopreven-
tive agents are recognized to exert their anticarcinogenic
effects by scavenging oxygen free radicals (OFR) and
upregulating antioxidant defence mechanisms [2]. The
enzymes glutathione peroxidase (GPx) and glutathione
S-transferase (GST) that use reduced glutathione (GSH) as
substrate, as well as superoxide dismutase (SOD) and
catalase (CAT) have therefore assumed significance as bio-
markers of chemoprevention owing to their antioxidant
and detoxification properties [3, 4].

Carcinoma of the stomach, the second most common can-
cer worldwide, is a major cause of mortality and morbid-
ity in India [5]. Accumulating evidence supports the hy-
pothesis that medicinal plants and phytochemicals may
offer chemoprotection during experimental gastric carcino-
genesis induced by N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) [6-8]. Recently, we documented the tumour
inhibitory effects of garlic and lycopene in the MNNG
model [9, 10].

Azadirachta indica A Juss, commonly known as neem, a
large evergreen tree that grows throughout the Indian sub-
continent has attained worldwide prominence because of
its medicinal properties. Neem elaborates a vast array of
biologically active compounds that are chemically diverse
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and structurally complex. All parts of the neem tree,
leaves, flowers, seeds, fruits, roots and bark have been
used traditionally for the treatment of inflammation, in-
fections, skin diseases and dental disorders. Neem
preparations have been reported to exert antimicrobial,
antipyretic, antihypertensive, antidiabetic and immuno-
stimulant effects [11-13]. In previous reports, we docu-
mented the antioxidant and hepatoprotective properties of
aqueous extracts of neem leaf in the MNNG model [14—
16]. We have also demonstrated the chemopreventive
potential of aqueous neem leaf extract on 7,12-dimethyl-
benz[a]anthracene (DMBA)-induced hamster buccal pouch
carcinogenesis and MNNG-induced gastric carcinogenesis
[9, 17].

The alcoholic extracts of neem leaf are almost fifty times
more effective than aqueous extracts and exhibit a wide
range of pharmacological properties including hypoglyce-
mic, antifertility and anti-inflammatory effects [18-20].
Most notably, alcoholic extracts of neem leaf have been
reported to protect against gastric ulcer, a premalignant
lesion and inhibit infection by Helicobacter pylori, an im-
portant etiological agent in gastric carcinogenesis [21, 22].
Furthermore, neem leaf is reported to contain azadirachtin,
which has inhibitory effects on cell proliferation [23, 24].
We therefore undertook the present investigation to evalu-
ate possible in vivo protective effects of ethanolic extract
of neem leaf at three different concentrations on MNNG-
induced changes in the extent of lipid peroxidation and
the status of the antioxidants superoxide dismutase (SOD),
catalase (CAT), GSH, GPx and GST in the stomach, liver
and erythrocytes of Wistar rats.
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2. Investigations and results
2.1. Estimations

Lipid peroxidation as evidenced by the formation of thio-
barbituric acid reactive substances (TBARS) was assayed
in tissues by the method described by Ohkawa et al. [25]
and in erythrocytes by the method of Buege and Aust [26].
The pink coloured chromogen formed by the reaction of 2-
thiobarbituric acid with the breakdown products of lipid
peroxidation was read at 535 nm. SOD was assayed by the
method of Kakkar et al. [27] based on 50% inhibition of
the formation of NADH-phenazine methosulfate nitroblue-
tetrazolium (NBT) formazan at 520 nm. The activity of
catalase was assayed by the method of Sinha [28] based on
the utilization of hydrogen peroxide by the enzyme. GSH
was determined by the method of Anderson [29] based on
the development of a yellow colour when DTNB is added
to compounds containing sulfhydryl groups. GPx activity
was assayed by the method of Rotruck etal [30] with
modifications. A known amount of enzyme preparation

Stomach
200 -
00 S .
150 - T
S %
100 +
e | 50 -
©
| O
—
o
D250 - .
£ Liver
8 [200 | %
: *k *
= [150 - * *
c
100 +
50 +
0
a5 Erythrocyte
' LX) *
o 31
I 25 x
O o]
£ Y
E 1.5 1 Y
o 11
0.5 -
0
1 2 3 4 5 6 7 8
Groups
1) MNNG 5) Neem (100 mg/kg bw)
2) MNNG + Neem (100 mg/kg bw) 6) Neem (200 mg/kg bw)
3) MNNG + Neem (200 mg/kg bw) 7) Neem (400 mg/kg bw)
4) MNNG + Neem (400 mg/kg bw) 8) Control

Fig. 1: The effects of pre-treatment with three doses of ethanolic neem
leaf extract on MNNG-induced lipid peroxidation in the stomach,
liver and erythrocytes.

*  Significantly different from group 8 (p < 0.05)
*& Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
** Significantly different from group 1 (p < 0.001)
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was incubated with hydrogen peroxide in the presence of
GSH for 10 min. The amount of hydrogen peroxide uti-
lized was determined by estimating GSH content by the
method of Anderson [29]. The activity of glutathione S-
transferase (GST) was determined as described by Habig
etal. [31] by following the increase in absorbance at
340 nm using CDNB as substrate. The protein content was
estimated by the method of Lowry et al. [32].

2.2. Statistical analysis

Statistical analysis on the data for lipid peroxidation, anti-
oxidants and detoxifying enzymes were analysed using
analysis of variance (ANOVA) and the group means were
compared by the least significant difference test (LSD).
The results were considered statistically significant if the
P <0.05.
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Significantly different from group 8 (p < 0.05)

*& Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
*#* Significantly different from group 1 (p < 0.001)
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2.3. Results

Figure 1 illustrates the effects of pretreatment with three
doses of ethanolic neem leaf extract on MNNG-induced
lipid peroxidation in the stomach, liver and erythrocytes.
The extent of lipid peroxidation was significantly enhanced
by MNNG (groupl) and significantly lowered by adminis-
tration of ethanolic neem leaf extract at doses of 200 and
400 mg/kg bw (groups 6 and 7) compared to controls. Pre-
treatment with 200 and 400 mg/kg bw (groups 3 and 4)
ethanolic neem leaf extract significantly reduced MNNG-
induced lipid peroxidation compared to group 1.

Figures 2—6 illustrate the influence of pretreatment with
ethanolic neem leaf extract on GSH concentration and ac-
tivities of SOD, CAT, GPx and GST in the stomach, liver
and erythrocytes. While MNNG administration (group 1)
significantly lowered GSH, SOD, CAT, GPx and GST, ad-
ministration of 200 and 400 mg/kg bw ethanolic neem

leaf extract (groups 6 and 7) significantly enhanced the
antioxidant status compared to untreated controls
(group 8). Pretreatment with 200 and 400 mg/kg bw etha-
nolic neem leaf extract to animals administered MNNG
(groups 3 and 4) significantly increased all the anti-
oxidants compared to group 1.

3. Discussion

Excessive OFR generation with consequent oxidative stress
has been implicated in the pathogenesis of gastric mucosal
damage and diseases of the gut [33, 34]. The stomach is
exposed to a wide range of OFR arising from various
sources. In particular, MNNGe-like carcinogens are formed
in the stomach through lumenal nitrosylation of naturally
occurring guanidine compounds such as L-arginine and crea-
tine by dietary nitrite in the presence of gastric acid [35].
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Fig. 3: The influence of pre-treatment with three doses of ethanolic neem
leaf extract on CAT activity in the stomach, liver and erythrocytes.
Significantly different from group 8 (p < 0.05)
%% Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
** Significantly different from group 1 (p < 0.001)
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Fig. 4: The influence of pre-treatment with three doses of ethanolic neem
leaf extract on GSH concentration in the stomach, liver and ery-
throcytes.

% Significantly different from group 8 (p < 0.05)
** Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
** Significantly different from group 1 (p < 0.001)
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OFR have been suggested to play a key role in the muta-
genic and carcinogenic effects of MNNG. MNNG is
known to generate MNNG radicals when exposed to
acidic pH such as that prevailing in the stomach. Further-
more, reaction of MNNG with H,0, generates highly
toxic, unstable and reactive hydroxyl radicals that can
cause oxidative damage to the gastric mucosa [36]. Of
particular concern, however, is the ability of hydroxyl
radicals to traverse cell membranes causing deleterious
effects at sites far from the target tissue. In particular, the
erythrocytes are prone to oxidative damage due to high
content of iron and polyunsaturated fatty acids and their
role as O, transporters [37]. Although the liver has a rich
supply of antioxidants, an increase in the levels of
TBARS was observed when hepatocytes were exposed to
MNNG [38]. Thus enhanced lipid peroxidation in the sto-
mach, liver and erythrocytes of MNNG-treated rats can be
attributed to excessive OFR production exacerbated by de-
ficient antioxidant defences.

Reduced activities of SOD and CAT seen in MNNG-
treated rats can cause accumulation of superoxide anion
and H,0, with deleterious consequences including DNA
strand breaks and conformational changes in proteins.
GSH in conjunction with GPx and GST plays a crucial
role in maintaining the integrity of the gastric mucosa as
well as the liver and erythrocytes when challenged by
toxic agents [39, 40]. MNNGe-induced depletion of GSH
and GSH-dependent enzymes seen in the present study
may shift the redox status of these tissues with adverse
impact on critical —SH groups of functional proteins.

Pretreatment with ethanolic extract of neem leaf effec-
tively reduced MNNG-induced lipid peroxidation and
enhanced antioxidant levels in the stomach, liver and
erythrocytes with significant effects at the concentration of
200 mg/kg body weight. Chemopreventive agents are re-
cognized to induce antioxidants and GSH-dependent de-
toxification enzymes at various sites in addition to the
target organs. The results of the present study substantiate
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Fig. 5: The influence of pre-treatment with three doses of ethanolic neem
leaf extract on GPx activity in the stomach, liver and erythrocytes.
Significantly different from group 8 (p < 0.05)
%% Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
** Significantly different from group 1 (p < 0.001)
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Fig. 6: The influence of pre-treatment with three doses of ethanolic neem
leaf extract on GST activity in the stomach, liver and erythrocytes.
Significantly different from group 8 (p < 0.05)
%% Significantly different from group 8 (p < 0.001)
*  Significantly different from group 1 (p < 0.05)
** Significantly different from group 1 (p < 0.001)
B — umoles of CDNB-GSH conjugate formed/min
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the radical scavenging properties of neem preparations
documented by other workers. Neem leaf is reported to
decrease the extent of lipid peroxidation [19]. Labadie
et al. [41] demonstrated the inhibitory action of neem stem
bark on superoxide anion production. Neem flowers are
known to induce phase II enzymes such as GST in rats
[42].

Alcoholic neem leaf extract contains a number of potent
antioxidants and anticarcinogens that modulate OFR-in-
duced lipid peroxidation including B-carotene, flavonoids
and various limonoids [43]. B-Carotene is known to in-
hibit lipid peroxidation by trapping peroxyl radicals [44].
Quercetin, a highly ethanol soluble bioflavonoid and
potent antioxidant, has been reported to decrease MNNG-
induced DNA damage and induce phase II enzymes [45,
46]. Although quantitation and characterization of indivi-
dual components was not attempted, the results of the pre-
sent investigation indicate that ethanolic neem leaf extract
by inducing SOD, CAT and GSH-dependent biotransfor-
mation enzymes, provides in vivo protection against
MNNG-induced oxidative stress not only to the stomach
and liver but presumably to other organs through the
circulation. These studies strengthen the observation that
medicinal plants have potential inhibitory effects on che-
mical mutagenesis and carcinogenesis. Further studies on
the biochemical and molecular mechanisms of chemo-
prevention by alcoholic extract of neem leaf on MNNG-
induced gastric carcinogenesis are however warranted.

4. Experimental
4.1. Chemicals

Bovine serum albumin, 2-thiobarbituric acid, trichloroacetic acid, 2,4-di-
nitro-phenylhydrazine, reduced glutathione (GSH), 5,5'-dithiobis(2-nitro-
benzoic acid) (DTNB), and 1-chloro-2,4-dinitrobenzene (CDNB) were pur-
chased from Sigma Chemical Company, St. Louis, USA. MNNG of purity
>97% was obtained from Fluka-Chemika-Biochemika, Buchs, Switzer-
land.

4.2. Animals

All the experiments were carried out with male Wistar rats aged 6-—8
weeks obtained from the Central Animal House, Annamalai University,
India. The animals were housed six in a polypropylene cage and provided
food and water ad libitum. All animals were fed standard pellet diet
(Mysore Snack Feed Ltd, Mysore, India) and maintained under standard
conditions of temperature and humidity with an alternating 12 hours light/
dark cycle. The animals were maintained in accordance with the guidelines
of the National Institute of Nutrition, Indian Council of Medical Research,
Hyderabad, India, and approved by the ethical committee of Annamalai
University.

4.3. Collection of plant material

Fresh matured leaves of A. indica were collected locally during March-
April and were identified by a pharmacognosy expert. These leaves were
dried in shade, powdered and the powders were used for the extraction.
Voucher specimens were deposited at the herbarium of the Botany Depart-
ment, Annamalai University.

4.4. Preparation of neem leaf extract

The ethanolic extract of neem leaf was prepared according to the proce-
dure described by Chattopadhyay [19]. Air-dried powder (1 kg) of A. indi-
ca leaves was mixed with 3L of 70% ethyl alcohol and kept at room
temperature for 36 h. The slurry was stirred intermittently for 2 h and left
overnight. The mixture was then filtered and the filtrate was concentrated
under reduced pressure (bath temperature 50 °C) and finally dried in a
vacuum dessicator. The residue collected (yield 48 g/kg of neem leaf
powder) was a thick paste, green in colour and gummaceous in nature.
The extract was dissolved in normal saline to obtain final concentrations of
10, 20 and 40 mg/mL and used for the experiment.

4.5. Treatment schedule

The animals were randomized into experimental and control groups and
divided into eight groups of six animals each. Rats in group 1 were given
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MNNG (40 mg/kg body weight) by intragastric intubation [47]. Animals in
groups 2, 3 and 4 received intragastric administration of ethanolic neem
leaf extract at a concentration of 100, 200 and 400 mg/kg body weight
respectively for 5 days followed by MNNG 1.5 h after the final feeding.
Groups 5, 6 and 7 were given neem leaf extract alone (100, 200 and
400 mg/kg body weight respectively) for 5 days. Group 8 received the
same volume of normal saline and served as control. The animals were
sacrificed by cervical dislocation 27 h after the carcinogen exposure.

4.6. Preparation of tissue homogenate

Tissue samples were weighed and homogenized using appropriate buffer in
an all glass homogeniser with Teflon pestle.

4.7. Preparation of hemolysate

Blood samples were collected in heparinised tubes and plasma was sepa-
rated by centrifugation at 1000 g for 15 min. After centrifugation, the buf-
fy coat was removed and the packed cells washed thrice with physiological
saline. The erythrocyte samples (0.5 mL) were lysed with 4.5 mL of hypo-
tonic phosphate buffer, pH 7.4. The hemolysate was separated by centrifu-
ging at 2500 g for 15 min at 2 °C.
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