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Abstract

Over past decades, physicians have recommended dietary adjustments, aimed at preventing
or treating symptoms of peptic ulcer, as a diet that moderates the risk of stomach ulceration. This study
aims to investigate the effect and mechanism of consumption of avocado (Persea americana Mill) juice
and kiwi (Actinidia deliciosa) juice to alleviate peptic ulcer in rats. Thirty-six male albino rats (185+10 g),
were used and divided into 6 equal groups, one was kept as a (-ve) control group, while the other
groups were received daily oral dose of indomethacin (25mg / kg b.Wt.) once daily for 21 days. One
group received Indo only (+ve control group), while the other groups given orally (1.5, 3 ml per day) of
each juice for 21 days plus Indo. Peptic ulcer index, preventive index, and acidity of gastric juice were
assessed. Nitric oxide (NO), malondialdehyde (MDA) and glutathione (GSH) were measured in gastric
tissue, as well as histopathological changes in the gastric mucosa. Treatment with avocado juice and
kiwi juice resulted in amelioration of the gastric histological lesions induced by Indo. Moreover, fresh
juices of avocado and kiwi significantly modulated biochemical marker of oxidative/nitrosative stress
markers; malondialdehyde (MDA), and nitric oxide (NO) and antioxidant enzymes as glutathione
(GSH), which were significantly disrupted in animal treated with Indo alone. According to this study, the
fresh juices of avocado and kiwi could protect against peptic ulcer and its other side effects. This may
be due to the high content of phenolic and flavonoid compounds in these juices.
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Introduction

Peptic ulcer happens as an acid-stimulated lesion of the digestive tract, usually situated in the proximal
duodenum or in the stomach. It is distinguished by bared mucosa with a defect spreading into the
submucosa or muscularis propria (Narayanan et al.,, 2018). The approximate rate of peptic ulcer
disease is 5-10% in the global population (Lanas and Chan 2017). The development of peptic ulcer
relies on the existence of low gastric liquid pH and the weakening in mucosal defenses. The non-
steroidal anti-inflammatorc drugs (NSAIDs), as well as, the infection resulted from Helicobacter pylori
(H. pylori) are the two main factors disturbing the mucosal defiance to damage (Kuna et al., 2019).
Moreover, the risk of gastric ulcer complications is raised four times in NSAIDs users (Lanas et al.,
2015).

NSAID is a class of analgesics that contain traditional selective and nonselective
cyclooxygenase-2 inhibitors that hinder the biosynthesis of thromboxane and prostaglandins
(Nalamachu and Wortmann, 2014). Globally, NSAIDs are a group of the most frequently prescribed
drugs for their anti-inflammatory and analgesic properties (Scheiman et al., 2006; Targownik et al.,
2008). Day by day, the uses of NSAIDs are increasing and still broadly used due to their low cost
(Seth, 2005). In spite of their efficacy, NSAIDs are used as one of the key factors causing peptic ulcer
diseases (Wallace and Vong, 2008). Currently, the use of NSAIDs estimated by about 25% of gastric
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ulcer cases (Lanas et al., 2015). Long-term usage of NSAIDs was associated with serious adverse
influences such as gastrointestinal bleeding, ulcer puncture, and symptomatic gastric ulcer disease
(Targownik et al., 2008).

Indomethacin (Indo) also is one of the non-steroidal anti-inflammatory drugs with strong
antipyretic, anti-inflammatory and analgesic activity that has been efficiently used in the relieving mild-
to-moderate pains (Nalamachu and Wortmann, 2014). Recently, preventing or curing peptic ulcers is
one of the most critical challenges in meeting the medicine industry in the field (Darbar, 2010). The
commercially existing synthetic anti-ulcer drugs, such as anti-acids, histamine H; receptor antagonists,
in addition to proton pump inhibitors, are often costly, have numerous side effects, moreover, they don’t
prevent ulcer recurrence (Chan, 2006).

Therefore, there is a critical need to find out plants with medical properties that help in
preventing and treating gastric ulcer (Rivera et al., 2013), as well for many reasons such as their low
cost, improving the life quality and for pain-relieving (Garlord and Crotty, 2002). It is estimated that
approximately 80% of the population has used herbs or natural medicines worldwide with around a
15% increase rate in the developing countries (Robinson and Zhang, 2011). Previous studies as
indicated by Ryan (2005) have revealed that many medicinal herbs and plants used in conventional
medicine for treating gastrointestinal disorders are providing gastroprotection against many ulcerogens,
and also accelerating ulcer healing. Generally, plants and fruits remarkably have many compounds that
have antioxidant properties, such as carotenoids, ascorbic acid, and polyphenols (Shehata and Soltan
2013). Of these, avocado as an example of an important viable tropical fruit. It contains high levels of
bioactive compounds such as ascorbic acid, carotenoids, vitamin E, and soluble phenolics (Lee et al.,
2004). It is the fattiest plant fruit in the world (it contains monounsaturated fatty acids and lipids such as
3-sitosterol, phytosterols, campesterol, and stigmasterol (Olagunju et al., 2017).

Kiwi fruits are highly nutritional fruits due to its high content of vitamin C, in addition to its
strong antioxidant also such as phenolics, carotenoids, lutein, flavonoids and chlorophyll (Cassano et
al., 2006). Kiwi fruits are a rich source of fructose, galactose, vitamins E, and minerals. As well, they
contain isoflavones and flavonoids (which consider important phytochemicals in kiwi extract and act as
the major class of phytoestrogens) which play important roles as neuroprotective, anti-carcinogenic,
and cardioprotective activity (Hunter et al., 2010).

With the remarkable characteristics of kiwi and avocado fruits, especially their high content of
antioxidant compounds. Their fresh juices are widely consumed and may have a higher content of
efficient anti-inflammatories and antioxidants than their extracts. Furthermore, there are no studies on
using their fresh juices as anti-ulcer. The present study aimed to compare the effect of avocado and
kiwi juices as anti-ulcer activities on Indo-induced gastric ulceration and to evaluate the
histopathological effects of their fresh juices on stomach against Indo damage in rats.

Materials and methods

Animals and Diet

This study was conducted using thirty-six male albino rats "Sprague Dawley strain”, with an
initial weight of 185+10 g. Rats were obtained from the Animal House Colony of the National Research
Center, Dokki, Cairo, Egypt. They were kept in stainless steel cages at a well-ventilated animal house.
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Plant Materials and Chemicals

The fresh avocado and Hayward strain kiwifruit (the greatest common commercially available
cultivar of kiwifruit in Egypt) were purchased from the local fruit and vegetable market in Kafr El-sheikh,
Egypt. Indo was acquired from the NILE Company of Pharmaceuticals and Chemical IND (in Egypt).
1,1’-diphenyl-2-picrylhydrazyl (DPPH) and other chemical substances used for blood biochemical
analysis were obtained from El-Gamhouria Company of Chemicals and Medical Appliances Trading,
Cairo, Egypt.

Preparation of juice

The mature fresh fruits of kiwi and avocado were washed with tap water, peeled off and the
flesh was homogenized using an electric blender to get the juices that were purified through a muslin
fabric. The juices were prepared weekly and kept frozen in the form of small samples for daily use.

Chemical analysis
Assessment of the total contents of phenolic and flavonoid

Total phenolics in the fresh juices were measured based on the method adopted by Ben Nasr
et al., (1996) and expressed as gallic acid equivalents (GAE). Also, the total content of flavonoid
content in the juice samples was determined by the method of Ibrahim (2010). The flavonoid content
was calculated and expressed as rutin equivalents. The determination of total contents of phenolic and
flavonoid in the fresh juices were accomplished in triplicate and expressed as average.

Antioxidant capacity measurement

Antioxidant capacity was determined by the method of Thaipong et al.,, (2006). The
antiradical action percentage toward the 2, 2-diphenyl-1 picrylhydrazyl (DPPH) was assessed by the
difference in absorbance with or without the sample (i.e. control). The resulted values were expressed
as the mean of triplicate analyses.

Experimental Design

Animals were acclimatized, for one week, to laboratory conditions before starting the
experiment. During acclimatization and the whole period of the experiment, rats were fed on standard
diet consisting of protein 21%, fat 3.2% and fibers 3.44%, according to the Nutrient Requirements of
Laboratory Animals (1995). After the acclimation period, rats were randomly allocated into 6 groups,
each group consists of 6 rats and treatments were as follows:
Group 1: Control group which received distilled water.(-ve Control)
Group 2: Indo (25 mg/kg/day) only (+ve Control)
Group 3: Kiwi juice (1.5 ml per day per rat) + Indo (25 mg /kg)
Group 4: Kiwi juice (3 ml per day per rat) + Indo (25 mg/ kg)
Group 5: Avocado juice (1.5 per day per rat) + Indo (25 mg/kg)
Group 6: Avocado juice (3 per day per rat) + Indo (25 mg/kg)

The fresh juice of fruits was given orally once daily for 21days. Indomethacin was dissolved in
5% sodium bicarbonate solution (Na;HCO3) to create a clear solution. The dose of Indo was selected
from published literature according to Ajeigbe et al., (2014). Indomethacin (Liometacen) is the most
favored drug to generate an experimental ulcer model because its potential to make ulcer is higher
than other NSAIDs. It causes damage to the gastric tissue by hindering the excretion of cytoprotective
prostaglandin, mucus and bicarbonate, which increases the gastric acid secretion (Suleyman et al.,
2010), and increased production of free radicals and reactive oxygen species (ROS) (Chattopadhyay
et al., 2006). Administration of Indo induced gastric gross lesions, histological alteration and disruption
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in biochemical markers of oxidative markers with the reduction in antioxidant enzymes, and mucus in
gastric tissue of rats (Albayrak et al., 2015).

Biological evaluation

During the 21 days period of the experiment, the quantities of diet consumed and/or wasted
were recorded daily. Additionally, the rat's weight was noted weekly. Feed intake (Fl), body weight gain
% (BWG) and feed efficiency ratio (FER) were calculated at the end of the experiment according to the
following equations as mentioned by Chapman et al., (1959) and Hosoya et al., (1980).

FI = Initial diet weight (g) — left over diet weight (g)

Final weight (g) — initial weight (g)
BWG (%) = — _ x100
Initial weight (g)

BWG (g)/day
Fl (g)/day

Assessment of gastric mucosal lesions

At the end of the experiment, the rats were fasted all night before being sacrificed under
anesthesia. The stomach of the sacrificed animals was removed and pinned flatly out flat on a cork
surface, and the area of the ulcer on the stomach surface was calculated on the paper rulers scaled by
mm?, as well, the ulcers on the stomach surface were macroscopically estimated. The gastric mucosal
lesion is expressed regarding ulcer index (Ul) accorded to Peskar et al. (2002) and Samyuktha et al.
(2017) depending on the calculation of each lesion severity using a 0—3 score system defined based on
the length of the lesions, where severity factor 0 means no lesions; severity factor 1 indicates lesions
less than 1 mm length; severity factor 2 refers to lesions of 2-4 mm in length, while severity factor 3
indicates lesions larger than 4 mm in length. The lesions score was calculated for each rat as the
number of the lesions in the rat x their particular severity factor. The Ul of each group was considered
as the average lesion score of all group rats. The preventive index (PI) of the fresh juices of avocado
and kiwi was calculated according to the Hano et al., (1976) equation as follow.

FER =

PI = [(UI of INDO group — Ul of treated group) =+ UI of INDO group] x 100
Where
Ul: Ulcer index
INDO: Indomethacin

Determination of pH of gastric content
One ml of the gastric juice was collected from each rat and the pH was directly measured by
using digital pH meter (pH-27B, USA).

Biochemical analysis

The MDA levels in rat stomachs were determined by the method described in the study of
(Ohkawa et al., 1979) and expressed as nmol/g wet tissue. Reduced glutathione (GSH) content was
measured in the stomach homogenates as reported by Beutler et al. (1963) and expressed as mg/g
wet tissue. Stomach NO metabolites were determined based on the method adopted by Montgomery
and Dymock (1961) and expressed as pM/g wet tissue. In the acidic medium and the presence of
nitrite, the formed nitrous acid diazotize sulfanilamide and the product is combined with N-(1-naphthyl)
ethylenediamine. The developing azo dye with a bright reddish-purple color can be measured at 540
nm wavelength.
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Histopathology Examinations

For histology examination, the stomach of all animal groups was collected immediately after
scarifying and fixed in formalin (10%) for at least 24 h and then dehydrated by washing in ascending
levels of ethanol before clearing with xylene and embedding in paraffin wax. The microtome (Spinco,
India) was used to section the samples that stained with hematoxylin and eosin (HE) for investigation
under a light microscope to examine the histopathological changes. Photomicrographs of chosen

lesions were taken in each tissue at different magnifications using a digital camera fitted to a light
microscope as reported by Taiwo and Anosa (2000).

Statistical analysis

Statistical analysis was performed using the program of Statistical Package for the Social
Sciences software (SPSS) version 18. The results were expressed as mean + Standard deviation
(mean + S.D.). Data were analyzed using one-way ANOVA (Snedecor and Cochran, 1979).

Results

Total phenolic, total flavonoid contents and total antioxidant activity in kiwi and avocado juice

Table (1): Shows that the total phenolic, total flavonoid and total antioxidant contents in kiwi
juice recorded the highest concentration than avocado juice. Also, total antioxidant activity was higher
in kiwi juice than avocado juice.

Table (1)
Total phenolic, total flavonoid contents and total antioxidant activity in kiwi and avocado juice
Fruits Total phenolic Total flavonoid Total antioxidant activity by
(GAE mg/g FW) (RE mg/g FW) DPPH%
Kiwi juice 11.65+ 1.20 5.84 + 0.69 74.13 £0.97
Avocado juice 6.57+ 0.89 457+ 0.34 63.54 +1.09

FW: Fresh weight; GAE: Gallic acid equivalent; RE: Rutin equivalents.
Values are expressed as mean + SD (n=3).

Effect of juices of kiwi and avocado on FI, BWG % and FER

From data in Table (2) it could be observed that the mean value of FlI, BWG% and FER of
(+ve) control group (Indo treated group only) were lower than (-vec) normal group, but oral
administrations of juices (kiwi juice or avocado juice) showed a significant increase (P < 0.05) in Fl,
BWG. On the other hand, insignificant differences were noticed between groups treated with fruit juices
for increasing FER as compared to Indo treated group only.
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Table (2)
Effect of kiwi juice and avocado juice on FI, BWG % and FER Indo-induced ulcer model
(Mean = SD)
Groups FI/day BWG% FER
Normal group (-ve c) 25.55% + 2.102 17.78% £ 1.890 0.062% + 0.006
Indo (25 mg/kg) (+ve c) 7.33°+£0.575 4.39"+0.282 0.051° + 0.004
Kiwi juice (1.5 ml) 9.19°+1.259 10.81° + 1.090 0.055° + 0.003
Kiwi juice (3 ml) 17.03" + 0.991 10.54° +1.314 0.052° + 0.006
Avocado juice (1.5 ml) 15.42° + 1.900 8.06° + 0.670 0.049° + 0.012
Avocado juice (3 ml) 17.25" + 2.250 7.34° £ 0.429 0.035° £ 0.008

* Means with the same letter are not significantly different, (P < 0.05) is significant and (P< 0.01) is
highly significant.

Effect of avocado juice and kiwi juice on the development of gastric Lesions:

Indomethacin caused severe damage to stomach of the rats and reduction in the pH value of
gastric juice with increase in ulcer index (Ul ) of (10.13 £ 1.15), while the treatment with fruit juices (kiwi
and avocado) significantly reduced the Ul when compared to untreated Indo administration control
group and increases the pH acidity significantly compared with normal group. Also, treatment with a
high dose of kiwi juice and avocado juice at dose 1.5 and 3 ml/day prevented the formation of ulcers by
57.26, 70.38 and 73.54% respectively (Table 3).

Table (3)
Effect of kiwi juice and avocado juice on pH, ulcer index (Ul) and preventive index (Pl %)
in indomethacin-induced ulcer model (Mean + SD)

Groups pH ul P1%
Normal group(-vec) 5.08% £ 0.096 0.00 £ 0.00 --

Indo (25 mg/kg) (+vec) 2.68°+0.187 10.13* +1.15 00

Kiwi juice (1.5 ml) 3.077+.0228 8.43% +1.07 16.78
Kiwi juice (3 ml) 3.59°+0.179 3.00° + 1.00 70.38
Avocado juice (1.5 ml) 3.62°+0.232 4.33° +1.53 57.26
Avocado juice (3 ml) 4.12° + 0.052 2.68" +0.58 73.54

Means with the same letter are not significantly different, (P < 0.05) is significant and (P< 0.01) is highly
significant.

Biochemical findings

Oral administrations of kiwi juice and avocado juice at dose 1.5 and 3 mL/day showed a
significant decrease in MDA concentration induced by Indo. As well, there was a significant increase in
the levels of NO and GSH in stomach tissue when compared with Indo treated group only. A high dose
of avocado juice (3ml per day) was the best result, where it recorded values close to the normal control
group (Table 4).
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Table (4)
Effect of kiwi juice and avocado juice on Malondialdeehyde (MDA), Nitric oxide (NO)
and reduced glutathione (GSH) in indomethacin-induced ulcer model in rat gastric tissue

(Mean = SD)
Groups MDA nmol/g. tissue NO pmol/g GSH mmol/g. tissue
Normal group 2.11°+0.161 4.06% + 0.282 1.89% +0.156
Indo (25 mg/kg) 5.84% +0.290 0.84° + 0.066 0.96° +0.070
Kiwi juice (1.5 ml) 4.85° +0.195 1.62° +0.109 1.14% + 0.095
Kiwi juice (3 ml) 4.12°+0.193 2.33"°+0.223 1.36° + 0.056
Avocado juice (1.5 ml) 4.37°+0.087 2.00+0.174 1.197 + 0.070
Avocado juice (3 ml) 3.687+0.140 2.69° + 0.526 1.52° + 0.045

MDA: Malondialdeehyde; NO: Nitric oxide; GSH: Glutathione
Data are represented as mean +S.E. Means with same letter are not significantly different

Microscopic examination of gastric sections
Microscopic examination of gastric sections showed normal histological pictures in the control
group, vascular congestion, gastric erosion/ulceration and glandular necrosis in the group received
Indo (Figures la-f) and (Figures 2a-f). Histopathological lesions were observed in other experimental
animals but they varied in severity among the treated groups (Table 5).
Table (5)
Scoring of stomach histological lesions in the experimental groups

Kiwi juice Kiwi juice Avocado Avocado
Groups Normal Indo o o
(2.5 ml) (3 ml) juice (1.5 | juice (3 ml)
Submucosal
. - +++ ++ + + -
Congestion/edema
Submucosal
) ) ++ + + -
inflammation
Glandular necrosis - +++ - - - -
Erosions/ulcers - ++ - - - -

(-) no lesions observed; () mild, focal lesions; (+) moderate, multifocal lesions; (++) moderately
severe, diffuse lesions; (+++) very severe, diffuse lesions
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Fig. (1): Histological evaluation of rats’ gastric tissues treated with Indo and fresh juices of kiwi and
avocado (H&E, X100): (a) Normal group. (b) Indo group (25mg kg™). (c) Kiwi juice (1.5 ml once daily).
(d) Kiwi juice (3 ml once daily). (e) Avocado juice (1.5 ml once daily). (f) Avocado juice (3 ml once
daily).

The orange arrow (necrosis), the black arrow (ulceration), a blue arrow (submucosal edema), the
yellow arrow (inflammation) and red arrow (congestion).
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Fig. (2): (a) Gastric mucosa of normal rats showing the absence of ulcers. (b) Gastric mucosa of
untreated rats showing severe ulceration. (c) Gastric mucosa of kiwi juice group (1.5 ml) showing less
intense ulceration. (d) Gastric mucosa of kiwi juice group (3 ml) showing mild ulceration. (e) Gastric
mucosa avocado juice group (1.5 ml) mild ulceration. (f) Gastric mucosa avocado juice group (3 ml)
showing the absence of ulcers.

Discussion

The presence of phenolic and flavonoids compounds especially at a high concentration
correlates with the increase in antioxidant activity of fruits (Patel et al., 2015). It can be concluded from
the study that kiwi juice and avocado juice have a higher content of phenolics and flavonoids which has
increased their antioxidant capacity that is observed in DPPH assays. These results agreed with
previous findings of Gorinstein et al., (2011) who found higher phenolic compounds of kiwi fruit
extract. Additionally, Patel et al., (2015) concluded that the kiwi fruit had the highest content of
flavonoids which contributes to its antioxidant activity. Also, Venter (2013) and Alghamdi and Yousef
(2017) indicated that avocado has the main source of several types of natural antioxidants such as
vitamins C, E, and B-carotene which protect lipid peroxidation in the body.

The reduction in FI BWG, and FER for the Indo group (C+) was attributed to peptic ulcer in
this group; where gastric ulcer may be led to malnutrition due to poor dietary intake, maldigestion,
malabsorption, and abnormalities in the metabolism. This is in line with previous findings by Tahoon
and El Sheikh (2016) who reported that FI, BWG, and FER were decreased in ulcer peptic group than
normal control.

In the present study, the administration of fruit juices caused an increase in FI and BWG
compared with the Indo group. Meanwhile, there is no significant difference observed in the FER of
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groups treated with juices compared with ulcer group. The reduction in BWG of avocado juices may be
due to high phenolic content in addition to its content of polyunsaturated fatty acids, which was
reported to be present in avocado. These results agreed also with the recorded data of Naveh et al.,
(2013) who found that that avocado consumption is associated with improved FI and lower BWG. Also,
Alghamdi and Yousef (2017) concluded that the avocado at 15% and 25% has protective effect
against overweight.

In this study, the effect of indomethacin on the gastric lesions of rats matches with the finding
of Hamad (2015) who found that gastric tissues in animals treated with Indo showed prominent areas
of ulceration and erosion in mucosa with dilated congested blood vessels and edema in sub-mucosal
layers. The observed gross lesions and histological alteration in gastric tissues of the experimental
animals could be attributed to the activation of inflammatory cells infiltration (Abdel-Raheem, 2010) or
inhibition of prostaglandins production and their therapeutic actions through inhibition of
cyclooxygenase (COX) enzyme (Chatterjee et al., 2013). Suppression of prostaglandin synthesis is
associated with a reduction of gastric mucosal blood flow, disturbance of microcirculation, decrease in
mucus secretion, enhancement of lipid peroxidation and neutrophil activation, which are involved in the
pathogenesis of gastrointestinal mucosal disorders (Wallace, 2008). Also, the present results showed
that treatment with kiwi juice or avocado juice resulted in the improvement of gastric lesions induced by
Indo as revealed by histological examination. This amelioration was evident by normal appearance of
gastric tissue and marked decline in ulcer index and increase in pH value, preventive index (PI), and
was evident histologically by reappearance of normal mucosa layer (no lesion) in the group treated with
the high dose of avocado juice compared to Indo group: Low dose (1.5ml) of fruit juice was less
effective than 3 ml per day in improving gastric lesions, and 3ml/day of avocado juice was more
effective than 3ml/day of kiwi juice. These results are consistent with Hamad (2015) who revealed that
treatment with kiwi fruit extract (KFE) resulted in improvements of gastric gross lesions induced by Indo
in a dose-dependent manner as revealed by gross and histological examination in her study.

This finding is supported by previous studies which assumed that avocado was recognized to
overpower the inflammatory response through declining the inflammatory genes expression. As well, it
could preserve the integrity of cellular membranes. Where, avocado fruit is characterized by having
high levels of lipid than in other fruits. Most lipids found in avocados are polar lipids (glycolipids and
phospholipids), which play a vital role in various cellular processes (Wang et al., 2015). Previous
studies ascribed the antioxidant and the anti-inflammatory effects of avocado to its oil, which reduces
the pro-inflammatory cytokines activity and the ROS generation through damaging mitochondria
(Duarte et al., 2016). Similarly, Dreher and Adrienne (2013) found that the avocado contains 71% of
monounsaturated fatty acids (MFA) 13% of polyunsaturated fatty acids (PUFA), and 16% of saturated
fatty acids (SFA), that help to promote healthy blood lipid profile and enhance the bioavailability of fat-
soluble vitamins and phytochemicals consumed with avocado. Arumugasamy et al., (2015) showed
that PUFA has a significant anti-ulcer and cytoprotective effect on various experimentally induced
gastric lesions. This could effectively help resolve the inflammation and promote a transition from the
inflammatory to the proliferative and remodeling phases of wound healing. The anti-inflammatory
property of kiwi fruit is attributed to inhibition of inducible nitric oxide synthase, expressions of
cyclooxygenase 2 enzyme ( Ren et al., 2007), and increasing the mucosal prostaglandin content
through their flavonoid content (Borrelli and 1zzo, 2000). Prostaglandins have cytoprotective effects
on gastric mucosa (Brandt, 1991). Micronutrients such as vitamins C and E, as well as carotenoids
and phenolic compounds of kiwifruit, are able to scavenge free radicals and also can delay or inhibit
the oxidation of both lipids and other molecules by suppressing the initiation/ propagation steps of
oxidative chain reactions (Al Naimy et al., 2012).
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Oxidant and antioxidant parameters are used to evaluate the biochemical effect of Indo on the
stomach (Allam and EI-Gohary 2017). As can be conducted from present results, oxidant parameter
levels such as MDA in the Indo group with larger Ul showed a significant increase compared to the

healthy, or for groups treated with fruit juices highly significant decrease of NO and GSH in gastric
tissues. It is reported by Albayrak et al. (2015) that the antioxidant parameters decrease in the
experimental damaged stomach tissue and oxidized parameters increases because administration of
Indo decreased the antioxidants enzymes (i.e. GSH, GPX, CAT, and SOD) associated with an
increase in MDA concentration in stomach tissue of rats. Also, Gomaa et al., (2018) reported that the
MDA level increases in the damaged stomach tissue due to Indo treatment. As well, Suleyman et al.,
(2018) stated that Indo changed the oxidant-antioxidant balance in stomach tissue in favor of oxidants.
This literature information demonstrates the importance of maintaining oxidant-antioxidant balance with
the superiority of antioxidants. It also reveals that the relationship between antioxidant activity and the
anti-ulcer effect is important. The reduction in NO by Indo, in the current study could be attributed to
the reduction of endothelial nitric oxide synthase (eNOS) activity and overexpression of inducible nitric
oxide synthase (iINOS) (Souza et al., 2008). In the digestive system, nitric oxide produced by eNOS is
cytoprotective and that produced by iNOS is cytotoxic (Motawi et al., 2007). Similarly, Ma and
Wallace (2000) found that eNOS plays a considerable role in gastric ulcer healing while its inducible
isoform does not. The observed reduction in antioxidant enzymes by Indo administration could be
attributed to the pro-oxidant activity of Indo, which initiates the generation of free radicals/reactive
oxygen species (ROS), thus interferes with the endogenous antioxidant systems (La Framboise et al.,
2006). Current study reveals that all fruit juice treatments (i.e. 1.5 and 3 ml/day) increased the NO and
GSH content significantly and reduced the MDA level. This affected positively the antioxidant defense
system and reduced gastric damage. As the oxidant-antioxidant balance in stomach tissues of kiwi and
avocado juice groups resulted in the superiority of antioxidants. For juice doses of the highest anti-ulcer
activity (i.e. 3 ml/day), the gastric GSH level is higher than those for doses with lower activity (i.e. 1.5
ml/day) and 3 ml/day of avocado juice was more effective than 3 ml/day of kiwi juice. GSH protects
gastrointestinal tissue lipids from oxidative damage. As demonstrated by Bilici et al. (2009) in gastric
tissue damaged by Indo, the GSH level is lowered.

These findings are in agreement with Emam and Hegazy (2015) who revealed that avocado
improves the enzymatic and non-enzymatic antioxidant defense status as increased catalase activity,
vitamin C, A and E. It could also attenuate the lipid peroxide products as MDA due to its free radical
scavenging action. Moreover, Hamad (2015) revealed that treatment with KFE markedly reduced the
level of lipid MDA and increased levels of NO and GSH which disrupted by Indo treatment. Sadek et
al., (2012) reported that consumption of kiwi fruit ameliorated histological changes of colon cancer
induced chemically, attenuates the severity of oxidative colonic damage and lipids profile and also
elevated antioxidant enzymes levels together with reducing MDA in plasma and colon in rats. The
observed beneficial effects of kiwi fruit extract (KFE) against toxicity of Indo could be attributed to its
antioxidant, anti-inflammatory properties (Ciacci et al., 2014). Kiwi fruit is a highly nutritional fruit and
has stronger anti-oxidative effects than other fruits (Kang et al., 2012). It contains strong antioxidants
as high levels of phenolics, vitamins (C, A, B2, and E), many minerals, carotenoids, flavonoids,
chlorophyll, terpenoids and fiber (Collins, 2013). Its isoflavones and flavonoids have important
functions as anti-carcinogenic, neuro-protective and cardio-protective activity (Dehghani et al., 2006).
The potential antioxidant property of kiwi fruit is most often attributed to its rich source of potentially
antioxidant polyphenols and flavonoids (Lim, 2012).

37



Amira L. Abd Allah

Conclusion and recommendation

Indo caused severe damage to the gastric tissue of rats as proved by biochemical and
histological results. It could be concluded that using high doses of avocado and kiwi juices were
effective in preventing or relieving peptic ulcers induced by Indo and its other side effects. This effect
may be due to high content of phenolics and flavonoids compounds in these juices. According to these
results, tested juices could be used for protection from peptic ulcer caused by Indo.
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