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INTRODUCTION

Gastric ulcer has become the leading source of 
hospitalization of patients in modern world. Every year, 4 
million peoples worldwide suffer from peptic ulcer disease 
(Chung, Shelat, 2017). Ulcers form when there is an 
inequity between protective and aggressive factors in the 
stomach. These factors include acid and mucus secretions, 
blood flow, prostaglandins, Helicobacter pylori infection 
and cell regeneration in stomach. Some exogenous factors, 
such as smocking, non-steroidal anti-inflammatory drugs, 

alcohol and stress may lead to development of gastric 
ulcer (Klein et al., 2010).

Antacids, H2 receptor blockers and proton pump 
inhibitors are being used to treat ulcer. High cost and 
development of unwanted effects such as impotence, 
arrhythmia, hypersensitivity and gynecomastia demand 
more effective and less toxic agents to treat ulcer (Ramis 
et al., 2012). Nowadays medicinal plants and various 
phytochemicals derived from plants have been used 
to treat a number of diseases. Even in the developed 
countries, most of the population relies on use of 
traditional medicinal plants to treat their illness (Luna 
et al., 2005).

Hedera nepalensis belonging to the family 
Araliaceae, is a medicinal plant found in Japan, 
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Afghanistan, West Asia and the Himalayas (Jafri et 
al., 2017). Traditionally, H. nepalensis is used to treat 
diabetes, ulcer, abscesses, cancer and as a diaphoretic 
and cathartic agent (Ahmad, Javed, 2007; Qureshi et 
al., 2007). Flavonoids, tannins, steroids, terpenoids and 
glycosides have been found in H. nepalensis (Kanwal et 
al., 2011). Decoction from plant is effective against lice. 
The juice prepared from leaves of this plant is used as a 
blood purifier and to treat diabetes (Akhtar et al., 2013).

The present study was aimed to investigate the 
gastro-protective activity of Hedera nepalensis in 
diclofenac-and ethanol-induced gastric ulcer rats. The 
acidity, pH, ulcer score and histopathological studies 
have been performed to evaluate the gastroprotective 
potential of aqueous methanol extract of H. nepalensis 
(AMEHN). The phenolic contents, anti-oxidant and lipid 
peroxidation inhibitory potential of plant have also been 
determined. Moreover, FTIR was utilized to assess the 
functional groups present in the aqueous methanol extract 
of whole plant.

MATERIAL AND METHODS

Animals

Albino rats of either sex (7-8 weeks old, 150–200 g) 
were used. Animals were housed in the animal house at the 
Faculty of Pharmacy, Lahore College of Pharmaceutical 
Sciences. The temperature was kept at 22±2 ˚C. The 
animals were exposed to a 12-hour dark/light cycle for 
one week. Animals were fed chaos and water as needed. 
The animals were handled in accordance with National 
Research Council guidelines (UOS/ORIC/1478).

Collection and extraction of H. nepalensis

The aerial parts of the plant were collected from 
Sawat Khyber Pakhtunkhwa (35° 22’ 42” North, 72° 10’ 
47” East), Pakistan in August and September 2017. The 
plant was identified and authenticated by Dr. Zaheer-ud-
Din Khan, Department of Botany, Government College 
University Lahore (Ref. #: GC. Herb. Bot. 3469). The 
aerial parts of the plant were shade dried and crushed 
into powder. The aqueous methanol extract was prepared 

by cold maceration. A dark greenish mass was obtained 
with percentage yield of 13.48%.

Phytochemical testing

AMEHN was analyzed for the detection of 
alkaloids, saponins, flavonoids, steroids, tannins, resins, 
anthraquinones, glycosides and phenols (Odeja et al., 2015).

Buffer potential estimation

Buffer potential of AMEHN was determined to 
know the change in pH by adding 1 and 2 mL of 0.1 N 
HCl and NaOH. The pH of 1 mL of extract (100 mg/mL) 
was determined alone and with addition of 0.1 N HCl/
NaOH (Adefisayo et al., 2017).

Antioxidant activity 

Ascorbic acid, quercetin and AMEHN (10 mg each) 
were weighed and dissolved separately in methanol (10 
mL). The resultant solution (1000 µg/mL) was obtained. 
The above stock solutions (1 mg/mL) were undergone 
serial dilution so that lower concentrations viz. 20, 40, 
60, 80, 100 µg/mL were obtained. By using DPPH free 
radical, quenching effect of plant extract and standards 
was determined. 2.22 mg of DPPH was dissolved in 
methanol (100 mL) to prepare fresh 0.1 mM solution of 
DPPH (Awan et al., 2020). 3 mL of extract and standard 
solutions at different concentrations were mixed in 1 mL 
of methanol solution of DPPH. The solution was kept at 25o 

C for 30 minutes and analyzed on UV spectrophotometer 
at =517 nm (Harlalka et al., 2007). The standards used 
were quercetin and ascorbic acid. Radical scavenging 
activity was evaluated by following expression:

Whereas,
Ac denotes absorbance of DPPH without AMEHN i.e., 
control and
As denotes absorbance of DPPH with AMEHN i.e., 
sample
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Lipid peroxidation inhibition evaluation of AMEHN

TBARS assay was performed to assess lipid 
peroxidation inhibition activity of the extract. Egg 
homogenate (lipid rich medium) was used in this analysis. 
AMEHN (0.1 mL) and quercetin (2 mg/mL), as well as 
0.5 mL of 10% v/v egg homogenate, were placed in a 
test tube and diluted to a final volume of 1 mL with 
water. To induce lipid peroxidation in each solution, 0.5 
mL of 0.07 M ferrous sulphate solution was added and 
incubated for 30 minutes. The following chemicals were 
dissolved in 1.5 mL of 20% ascorbic acid, whose pH 
was adjusted to 3.5 with NaOH, 1.5 mL of 0.8 percent 
w/v TBA in 1.1 percent SDS, and 0.5 mL of 20% TCA. 
The resulting mixture was vortexed and warmed for 60 
minutes at 95 ˚C. Entire methodology is recapped in 
the same way but without incubation of TBA for each 
sample. After cooling the solution, butanol (5 mL) was 
included in it and then centrifuged for 10 minutes (395x 
g). Absorbance was measured at 532 nm of organic layer 
(Jahantighi et al., 2016). Lipid peroxidation percentage 
was calculated as follows;

Whereas,
C denotes absorbance of control
E denotes absorbance of sample (Abs 532+TBA – Abs 532-TBA)

Study design for diclofenac induced gastric ulcer

The rats were divided into 5 groups (n=5). Group 
I (Normal control) was administered vehicle; 1% 
carboxymethyl cellulose (CMC) (10 mL/kg) orally. 
Group II (Disease control) was treated with single dose 
of diclofenac sodium (100 mg/kg) dissolved in 1% CMC. 
Group III (Standard drug) received three doses at 12hr 
interval of omeprazole (20 mg/kg) dissolved in 1% CMC. 
Group IV and V (AMEHN treated) received three doses 
of AMEHN (200 and 400 mg/kg respectively) at 12 hours 
interval. Diclofenac sodium was administered after one 
hour of last dose of AMEHN and omeprazole (Kang et 
al., 2014).

Study design for ethanol induced gastric ulcer

Same protocols (as for diclofenac) were followed for 
ethanol induced gastric ulcer model. However, dose for 
80% ethanol was 5 mL/kg. Rats were anesthetized with 
chloroform after 12hrs interval of last dose (Liu et al., 2001).

The rats were provided with regular diet and 
monitored to find the signs of ulcer. Their stomachs 
were dissected out. Gastric contents after dissection 
were collected and the stomachs were rinsed with normal 
saline, afterwards macroscopic examination i.e., ulcer 
score, ulcer index, percent protection, pH determination, 
total acidity estimation and histopathological examination 
were carried out.

Ulcer Scoring, ulcer Index and percentage protection

To determine the induction of ulcers, the stomach 
was isolated, washed, and inspected with a magnifying 
glass. Normal colored stomach (0), red coloration (0.5), 
spot ulcer (1), hemorrhagic streak (1.5), deep ulcers (2), 
perforation (3).

The Ulcer index (UI) was computed using the 
following formula:

UI = (Un + Us+ Up) × 10-1

Whereas; Un = average number of ulcers per 
animal, Us = average number of severity of scores, Up 
= percentage of animals with ulcers.

And percentage protection has been calculated by;

%Protection = (C-T/C) X 100

Whereas; C = ulcer index in control group, T = ulcer 
index in treated group (Sattar et al., 2019).

Determination of gastric total acidity and pH

The gastric juice was obtained from stomach of rat; 
pH of gastric juice was then checked with the help of pH 
litmus paper. For the determination of gastric total acidity, 
gastric juice was diluted with 1 ml of distilled water, 2-3 
drops of phenolphthalein were added in the mixture as 
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TABLE I - Phytochemical screening of aqueous methanol extract of H. nepalensis

Phytochemicals Test Observations Inferences

Alkaloids Mayer’s test Formation of ppt. +

Anthraquinones Ammonia test No pink, violet or red color 
in ammonical phase -

Flavonoids Magnesium test A red or intense red coloration +

Glycosides Fehling test No red precipitates -

Phenols Ferric chloride test Green/dirty green color +

Resins Acetone test Green color solution +

Saponins Foam test Foam observed +

Steroids Salkowshi test No reddish-brown cooler observed -

an indicator and titrated against 0.01N NaOH until pink 
colour. The total acidity (meq/L/100 g) was calculated 
by given formula (Lee, Kallal, Feldman, 1996; Abebaw, 
Mishra, Gelayee, 2017);

Whereas;
V; volume of NaOH used
N; normality of NaOH

Histopathological Studies 

For histopathological studies, little partitions of 
stomach from each exploratory gathering were fixed in 
10% formalin and submerged in paraffin. Areas of 5 µ 
were taken with a standard microtome and stained with 
hematoxylin and eosin. The areas were inspected for 
presence of degenerative and necrotic elements (Sattar 
et al., 2019).

Fourier-transform infrared spectroscopy (FTIR) 
analysis

AMEHN was analyzed spectroscopically for the 
determination of functional groups. 1 mg sample along 

with 2.5 mg KBr was grounded. Grounded powder was 
filled in micro cup of 2 mm internal diameter and loaded 
onto FTIR set at temperature 26o C ± 1o C. The sample 
was scanned in infrared range of 4000-400 cm. The 
spectrum obtained was compared with reference chart 
for identification of functional groups (Chandra, 2019).

High performance liquid chromatography (HPLC) 
analysis

50 mg of AMEHN, 16 mL of distilled water, 24 mL 
methanol were mixed. 10 mL of 6 M HCl was added in 
above solution. Solution was kept in oven for 2 hours at 95oC 
to obtain aglycons of flavanol glycosides. Samples were 
then centrifuged for ten minutes (395x g). Upper layers of 
samples were sonicated and filtered S 0.45 µm sized filter of 
cellulose acetate. Then the samples were injected into HPLC 
as described previously (Tokuşoğlu, Ünal, Yildirimk, 2003).

RESULTS

Phytochemical Screening

Phytochemical screening of aqueous methanol 
extract of H. nepalensis showed the presence of alkaloids, 
flavonoids, phenols, resins, saponins and tannins as 
shown in Table I.
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TABLE III - Antioxidant potential of H. nepalensis

Solution concentration
(µg/mL)

Antioxidant potential

Quercetin Ascorbic acid AMEHN

20 81.71±0.77 94.15±0.17 31.07±0.536

40 84.28±0.50 96.04±0.36 65.76±0.183

60 88.81±0.41 96.35±0.31 80.07±0.30

80 92.62±0.59 96.73±0.33 82.34±0.43

100 95.59±0.42 98.23±0.27 83.55±0.28

Values are taken as Mean±SEM, (n=3), AMEHN=Aqueous methanol extract of H. nepalensis.

Buffer potential

AMEHN did not show any variation in pH by 
addition of 0.1N NaOH and 0.1N HCl solutions. Thus, 
it might be assumed that AMEHN did not have buffer 
capacity (as shown in Table II).

TABLE II - Buffer potential of aqueous methanol extract of 
H. nepalensis

Solution concentration pH

1 mL extract 5.51±0.34

1 mL 0.1 N HCl 1.58±0.21

1 mL extract + 1 mL HCl 2.49±0.11

1 mL extract + 2 mL HCl 1.97±0.18

1 mL 0.1 N NaOH 12.70±0.92

1 mL extract + 1 mL NaOH 11.02±0.17

1 mL extract + 1 mL NaOH 12.03±0.51

Values are expressed as mean (n = 3).

Antioxidant activity

AMEHN exhibited antioxidant activity that was 
concentration dependent. The extract at concentration 
100 µg/mL had remarkable free radical scavenging 
ability (83.55%). Quercetin and ascorbic acid free 
radical scavenging activity was (95.59%) and (98.23%) 
respectively as shown in Table III.

TABLE I - Phytochemical screening of aqueous methanol extract of H. nepalensis

Phytochemicals Test Observations Inferences

Tannins FeCl3 test Blue black/blue green ppt. +

(+) = Present, (-) = Absent
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TABLE V - Effects of AMEHN on gastric ulcer induced by diclofenac

Treatment Severity score No. of lesions Ulcer index
Percentage 
protection

(%)

Normal control 0 0 0 -

Disease control 11.40±1.12 3.00±0.32 11.44 -

Standard drug (20 mg/kg) 0.40±0.15*** 0.20±0.02*** 2.04*** 82.17***

AMEHN
(200 mg/kg) 1.40±0.40*** 0.60±0.03*** 2.20*** 80.77***

AMEHN
(400 mg/kg) 0.60±0.10*** 0.40±0.05*** 2.16*** 81.12***

Values are expressed in Mean±SEM (n=5), Where, ***=(P<0.001 vs. disease control)

Lipid peroxidation inhibition

Lipid peroxidation inhibitory action of AMEHN was 
analyzed and compared to reference inhibitors quercetin 
(Table IV). Inhibitory action of AMEHN, was decreased 
to 0.00 at lower concentration (62.5 µg/mL) however, 
quercetin showed 63.99 ± 0.05% inhibition at lowest 
concentration of 62.5 µg/mL. Notwithstanding, AMEHN 
exhibited better anti-lipid peroxidation activity at higher 
conc. as shown in Table IV.

TABLE IV - Inhibition of lipid peroxidation by AMEHN

Concentrations
(µg/mL)

% Inhibition of lipid peroxidation

Quercetin AMEHN

62.5 63.99±0.05 0.00

125 68.56±0.28 37.77±0.44

250 70.80±0.16 61.81±0.09

500 73.93±0.07 68.07±0.31

1000 74.38±0.19 70.88±0.45

Values are taken as Mean±SEM, (n=3), AMEHN=Aqueous 
methanol extract of H. nepalensis.

Effects of AMEHN on gastric ulcer induced by 
diclofenac

Mucosal damage by diclofenac represented as 
severity score and ulcerative lesions were decreased 
to a large extent by AMEHN. The Disease control 
group had significantly increased gastric ulcer score 
(11.40±1.12) compared to control group. The number of 
lesions decreased (0.60±0.03) at 200 mg/kg dose likewise 
number of ulcerative lesions decreased (0.40±0.05) at 400 
mg/kg dose. Severity score was decreased to (1.40±0.40, 
0.60±0.10) at 200 and 400 mg/kg doses respectively in 
comparison to disease control (11.40±1.12). Ulcer index 
was decreased to a remarkable extent at 200 mg/kg 
(2.2) and 400 mg/kg (2.16). The ulcer protection was 
observed to be 80.77% and 81.12% at respective doses 
in comparison to disease control and standard drug 
treatment group (82.17%) (Table V).
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Histopathological studies

Histopathological studies have been carried out of 
gastric damage induced by diclofenac. It has been found 
that the gastric mucosa and superficial epithelium in 
disease group was completely eroded. In standard drug 

treated group, superficial epithelium remained intact. 
AMEHN (400 mg/kg) showed gastric protection similar 
to standard drug treated group of rats however, mild 
damage in gastric mucosa and superficial epithelium 
was observed in AMEHN (200 mg/kg) pretreated rats 
as shown in Figure 1.

TABLE VI - Effect of AMEHN on pH and total acidity in diclofenac induced ulcer model

Treatment groups pH Total Acidity 
(mEq/L/100 g)

Normal control 5.38±0.12 24.01±0.23

Disease control 1.54±0.11 73.42±0.81

Standard drug (20 mg/kg) 5.52±0.09*** 35.39±0.96***

AMEHN (200 mg/kg) 4.78±0.06*** 46.20±1.10***

AMEHN (400 mg/kg) 5.36±0.07*** 34.54±1.80***

Values are expressed in Mean±SEM (n=5). Where; *** = (P<0.001 vs. disease control)

Effect of AMEHN on pH and total acidity of gastric 
juice

The Disease control group had significantly increased 
gastric total acidity (73.42±0.81) compared to control 

group (24.01±0.23). AMEHN (400 mg/kg) increased the 
pH of gastric juice (5.36±0.07) as compared to Disease 
control (1.54±0.11). The gastric total acidity was decreased 
(34.54±1.80) by AMEHN (400 mg/kg) as compared to 
standard drug treatment (35.39±0.96) (Table VI).
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TABLE VII - Effect of AMEHN on gastric mucosal damage induced by ethanol

Treatments Severity score No. of lesions Ulcer index Percentage protection
(%)

Normal control 0 0 0 -

Disease control 12.80±1.63 3.80±0.38 11.66 -

Standard drug treatment 1.80±0.50*** 0.60±0.20*** 4.24 63.64

Effects of AMEHN on gastric ulcer induced by 
ethanol

Mucosal damage by ethanol represented as severity 
score and ulcerative lesions are decreased to a large 
extent by AMEHN. The Disease control group had 
significantly increased gastric ulcer score (12.80±1.63) 
compared to control group. The number of lesions 
decreased (0.60±0.20) at 200 mg/kg dose likewise number 

of ulcerative lesions decreased (0.80±0.17) at 400 mg/
kg dose. Severity score decreased up to (2.00±0.38, 
1.20±0.58) at 200 and 400 mg/kg doses respectively in 
comparison to disease control (12.80±1.63). Ulcer index 
was decreased to a remarkable extent at 200 mg/kg (4.26) 
and 400 mg/kg (6.20) doses. Percentage ulcer protection 
was observed to be 63.46% and 46.83% at respective 
doses in comparison to disease control and standard drug 
treatment group (63.64%) (Table VII).

FIGURE 1 - Histopathological studies of stomachs from normal control (A), disease control (B), standard drug treated (C), 
aqueous methanol extract of H. nepalensis (200 and 400 mg/kg) treated group of rats (D) and (E) respectively in diclofenac 
induced gastric ulcer model. (A) arrow show intact epithelium, (B) arrow showing superficial epithelium was sloughed, necrosis 
of gastric glands had occurred, (C) mild erosion (arrow), restoration of epithelium by standard drug, (D) less necrosis in gastric 
glands and restoration of their normal shape (arrow) (E) arrow indicating very less erosion of superficial epithelium by H. 
nepalensis (400 mg/kg). (Light microscope magnification X100; hematoxylin and eosin staining) 215x279mm (300 x 300 DPI).
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Histopathological assessment

Histopathological results showed that gastric mucosa 
and superficial epithelium were damaged by ethanol. In 

case of omeprazole pretreated rats, superficial epithelium 
and gastric mucosa observed to be intact. AMEHN 
(400 mg/kg) showed similar protection as was seen in 
omeprazole pretreated group (Figure 2).

TABLE VIII - Effects of AMEHN on pH and total acidity in ethanol induced ulcer

Treatment groups pH Total acidity (mEq/L/100 g)

Normal control 5.38±0.12 24.01±0.23

Disease control 1.42±0.11 74.65±1.15

Standard drug 5.32±0.10*** 34.92±0.80***

AMEHN (200 mg/kg) 4.80±0.08** 46.49±0.76***

AMEHN (400 mg/kg) 5.52±0.07 35.76±1.37***

Values are expressed in Mean±SEM (n=5), Where; ***=(P<0.001 vs.disease control), **= (P<0.002 vs. disease control)

Effects of AMEHN on pH and total acidity of gastric 
juice in ethanol induced ulcer

The Disease control group had significantly 
increased gastric total acidity (74.65±1.15) compared 
to control group (24.01±0.23). AMEHN (400 mg/kg) 

increased the pH of gastric juice (5.52±0.07) as compared 
to disease control (1.42±0.11). The gastric total acidity 
was decreased (35.76±1.37) by AMEHN (400 mg/kg) 
as compared to standard drug treatment omeprazole 
(34.92±0.80) (Table VIII).

TABLE VII - Effect of AMEHN on gastric mucosal damage induced by ethanol

Treatments Severity score No. of lesions Ulcer index Percentage protection
(%)

AMEHN (200 mg/kg) 2.00±0.38*** 0.60±0.20*** 4.26*** 63.46***

AMEHN (400 mg/kg) 1.20±0.58*** 0.80±0.17*** 6.20*** 46.83***

The values were expressed in Mean±SEM, (n=5). Where; ***=(P<0.001 vs. disease control)
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FTIR analysis of H. nepalensis

AMEHN was analyzed spectroscopically for 
determination of functional groups. Aqueous methanol 
extract of H. nepalensis FTIR spectra was compared with 

standard chart. It was found that functional groups like 
carboxylic acid, alkanes, conjugated alkenes, aldehydes 
and alkyl-aryl ethers were present in AMEHN (Table 
IX; Figure 3).

FIGURE 2 - Histopathological studies of stomachs from normal control (A), disease control (B), standard drug treated (C), 
aqueous methanol extract of H. nepalensis (200 and 400 mg/kg) treated group of rats (D) and (E) respectively in ethanol 
induced gastric ulcer model. (A) arrow shows intact epithelium, (B) damage to superficial epithelium, hemorrhage in lamina 
propria, (C) area of restoration of epithelium by standard drug, (D) less necrosis (arrow) in gastric glands (E) intact epithelium 
with no necrotic gastric glands by H. nepalensis (400 mg/kg). (Light microscope magnification X100; hematoxylin and eosin 
staining) 215x279 mm (300 x 300 DPI).
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Phenolic content estimation

The extract was analyzed with HPLC which confirmed 
the presence of phenols like quercetin, gallic acid and 

M-coumaric acid in 0.78 ppm, 5.24 ppm 3.52 ppm 
concentrations respectively (Table X; Figure 4).

FIGURE 3 - FTIR spectra of aqueous methanol extract of Hedera nepalensis.

TABLE IX - FTIR analysis of AMEHN

Sr. no. Peak value Transmittance Bond Functional group

1 803.87 77.51 Unknown -

2 1020.06 51.81 Unknown -

3 1272.55 67.32 C-O stretching Alkyl aryl ether

4 1389.02 69.55 C-H bending Aldehyde

5 1598.00 69.75 C=C stretching Conjugated alkenes

6 2920.05 73.82 C-H stretching Alkanes

7 3280.01 69.04 OH stretching Carboxylic acid

FTIR peak values and functional groups of AMEHN
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FIGURE 4 - HPLC chromatogram of aqueous methanol extract of Hedera nepalensis.

TABLE X - HPLC analysis of AMEHN

Peak
no. Retention time Compound name Quantity (ppm)

1 1.55 Unknown -

2 2.44 Ethanol -

3 2.82 Quercetin 0.78 ppm

4 3.26 Unknown -

5 3.70 Unknown -

6 5.05 Gallic acid 5.24 ppm

7 5.93 Unknown -

8 8.23 Unknown -

9 10.99 Unknown -

10 13.94 Unknown -

11 17.17 Unknown -

12 18.42 Unknown -

13 20.02 M-cumeric acid 5.52 ppm

14 23.85 Unknown -

15 30.39 Unknown -

16 32.29 Unknown

17 34.43 Unknown -

List of identified compounds by HPLC analysis in aqueous methanol extract of Hedera nepalensis (AMEHN)
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DISCUSSION

Plants have become an important part of alternative 
medicines worldwide. A number of traditional medicinal 
plants have been used to protect gastric mucosa from ulcer 
causing agents. In this study, H. nepalensis was evaluated 
for its gastroprotective activity against diclofenac and 
ethanol induced ulcer. The phenolic contents, anti-oxidant 
and lipid peroxidation inhibitory potential of plant have 
been determined. FTIR and HPLC analysis has also been 
carried out.

Phytochemical evaluation of H. nepalensis showed 
the presence of alkaloids, flavonoids, gums, saponins, 
phenols, tannins while anthraquinones, glycosides and 
steroids were absent as shown in Table I. Phytomedicines 
comprising of anti-oxidants such as flavonoids, tannins 
and polyphenols have better ability to decrease disease 
hazards and have healing effects (Jennings et al., 2012; 
Muthusamy et al., 2008). Phenols show anti-oxidant 
ability and scavenge ROS and free radicals from the body 
showing cytoprotective effect in physiological systems 
(Scalbert et al., 2005). Flavonoids, due to hydroxyl group 
in main skeleton, also present free radical scavenging 
potential (Heinonen, Lehtonen, Hopia, 1998).

The aqueous methanol extract of H. nepalensis 
(AMEHN) was studied for its buffer potential by 
addition of NaOH (0.1N) and HCl (0.1N). AMEHN did 
not show any buffer capacity and thus having no ability 
to neutralize acidity of stomach as shown in Table II.

AMEHN was studied for its lipid peroxidation 
inhibitory and antioxidant potentials. TBARS test was 
used to evaluate AMEHN in vitro anti-lipid peroxidation 
potential. MDA reacts with TBA to give a red chromogen. 
It was further analyzed spectrophotometrically (Tiong et 
al., 2013). AMEHN inhibited the formation of MDA. In 
vitro examination for anti-oxidant activity of test extract 
was performed by DPPH assay. Antioxidant activity 
was exhibited by the plant extract (Table III and IV) as 
reported earlier (Jafri et al., 2017; Kanwal et al., 2011; 
Hashmi et al., 2018). Results showed that AMEHN has 
significant antioxidant and anti-lipid peroxidation effects. 
Medicinal plants showing gastro protective effect showed 
lipid peroxidation inhibitory potential previously (Ismail 
et al., 2012).

The gastroprotective activity of AMEHN was 
assessed by using diclofenac and ethanol induced ulcer 
model in rats. NSAIDs are hazard factors of gastric 
ulcer. Cyclooxygenase inhibitors decrease the mucus 
secretion, bicarbonate discharge, stifles the combination 
of prostaglandins, initiation of neutrophils, decrease 
mucosal blood flow, disturb the mucosal boundary, 
lipid per oxidation with subsequent development of ulcer 
(Wallace, 2008). Ethanol is a well-known necrotic agent 
and induces ulcer by disrupting the mucosal membrane. 
The parameters like number of lesions, severity score and 
ulcer index have been increased by oral administration 
of diclofenac sodium and ethanol in diseased control 
groups (El-Hady, El Awdan, Ibrahim, 2013).

In present study, diclofenac sodium and ethanol 
considerably decreased pH (from 5.38 to 1.54 and 1.42 
respectively) as shown in Table VI and VIII. Diclofenac 
and ethanol have significantly enhanced the total acidity 
of gastric contents in disease control groups (Table VI 
and VIII). Increase in volume of gastric contents is 
due to over production of HCl (Pratt, 1992). AMEHN 
produced gastroprotective effects in pretreated rats 
against diclofenac and ethanol induced ulcer as shown 
by decrease in number of lesions, severity score and ulcer 
index (Table V and VII). Findings of present work are in 
line with previous studies (De Barros et al., 2008; Kim et 
al., 2006; Sumbul et al., 2011).  Ethanol causes necrotic 
lesions of the gastric mucosa by lipid peroxidation, free 
radical production and increased intracellular oxidative 
stress (Sannomiya et al., 2005). Thus, it can be considered 
that AMEHN has phytochemicals which show anti-
oxidant potential to modify the deleterious effects of 
ethanol (Table VI and VIII). However, further studies on 
molecular level are required to confirm this mechanism.

Gastric mucosa is protected by prostaglandins 
synthesized from arachidonic acid whose production 
is interrupted by ulcerative agents (Yamamoto et al., 
1992). NSAIDs reduce prostaglandins synthesis from 
phospholipids leading to gastric mucosal damage. The 
protective effect of AMEHN in diclofenac induced gastric 
ulcer model might show its involvement in prostaglandins 
synthesis. Histopathological studies of also confirmed 
that AMEHN has gastroprotective effects similar as of 
omeprazole treated group of rats as shown in Figure 1 and 2.
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FTIR analysis of the extract has shown that it 
contains a variety of natural chemicals like alkyl aryl 
ether, aldehyde, conjugated alkenes, alkanes, carboxylic 
acid and others. HPLC analysis also showed presence of 
phenols like gallic acid, M-coumaric acid and quercetin. 
M- coumaric and quercetin have good ability to inhibit 
H+/K+-ATPase pump (De Barros et al., 2008). Gallic acid 
also inhibits vasoconstriction and protein precipitation 
which lead to ulcer (Sumbul et al., 2011). Quercetin is 
a natural flavonoid which has anti-ulcer activity. It has 
anti- lipid per oxidant and antioxidant properties. Its 
antiulcer activity is due to inhibition of ROS, reduced acid 
production and down regulation of H+/K+ ATPase pump. 
Quercetin also secures mucosa by elevated mucosal 
prostaglandin contents (Martin et al., 1998).

CONCLUSION

The findings of this study suggested that Hedera 
nepalensis has gastroprotective activity in diclofenac and 
ethanol induced gastric ulcer, which might be attributed 
to anti-oxidant and lipid peroxidation inhibitory effect 
of plant. Such potential might be due to presence of 
anti-oxidant and phenolic contents in the extract. Thus, 
Hedera nepalensis might be useful to prevent gastritis 
and gastric ulcer.

REFERENCES

Abebaw M, Mishra B, Gelayee DA. Evaluation of anti-ulcer 
activity of the leaf extract of Osyris quadripartita Decne. 
(Santalaceae) in rats. J Exp Pharmacol. 2017;9:1-11.

Adefisayo MA, Akomolafe RO, Akinsomisoye SO, Alabi 
QK, Ogundipe OL, Omole JG, et al. Gastro-protective effect 
of methanol extract of Vernonia amygdalina (del.) leaf on 
aspirin-induced gastric ulcer in Wistar rats.” Toxicol Rep. 
2017;4:625-633.

Ahmad SS, Javed S. Exploring the economic value of 
underutilized plant species in Ayubia National Park. Pak J 
Bot. 2007;39(5):1435-1442.

Akhtar N, Rashid A, Murad W, Bergmeier EJ. Diversity and 
use of ethno-medicinal plants in the region of Swat, North 
Pakistan. J Ethnobiol Ethnomed. 2013;9:25.

Awan AF, MS Akhtar, I Anjum, Mushtaq MN, Fatima A, 
Khan MUR, et al. Hepatoprotective effect of Ziziphus 

oxyphylla Edgew in paracetamol-induced hepatotoxic rat 
model. Pak J Pharm Sci. 2020;33(5):2449-2454.

Chandra S. Fourier transform infrared (Ft-Ir) spectroscopic 
analysis of Nicotiana plumbaginifolia (Solanaceae). J Med 
Plants Studies. 2019;7(1):82-85.

Chung KT, Shelat VG. Perforated peptic ulcer - an update. 
World J Gastrointest Surg. 2017;9(1):1-12. doi: 10.4240/wjgs. 
v9.i1.1. PMID: 28138363; PMCID: PMC5237817.

De Barros MP, Lemos M, Maistro EL, Leite MF, Sousa 
JPB, Bastos JK, et al. Evaluation of antiulcer activity of 
the main phenolic acids found in brazilian green propolis. J 
Ethnopharmacol. 2008;120(3):372-377.

El-Hady FKA, El Awdan SA, Ibrahim AM. Anti-ulcerative 
potential of Egyptian propolis against oxidative gastric 
injury induced by indomethacin in rats. Adv J Med Plant 
Res. 2013;3(2):35-42.

Hashmi WJ, Ismail H, Mehmood F, Mirza B. Neuroprotective, 
antidiabetic and antioxidant effect of Hedera nepalensis and 
lupeol against STZ+ AlCl 3 induced rats model.  DARU. 
2018;26(2):179-190.

Heinonen IM, Lehtonen PJ, Hopia AI. Antioxidant activity 
of berry and fruit wines and liquors. J Agric Food Chem. 
1998;46(1):25-31.

Ismail IF, Golbabapour S, Hassandarvish P, Hajrezaie 
M, Abdul Majid N, Kadir FA, et al. Gastroprotective 
activity of Polygonum chinense aqueous leaf extract on 
ethanol-induced hemorrhagic mucosal lesions in rats. Evid 
Based Complementary Altern Med. 2012;404012. doi: 
10.1155/2012/404012.

Jahantighi A, G Kiani, TT Moghaddam and S Ghahari. 
In vitro antibacterial activity of selected medicinal plants 
traditionally used in Iran against plant and human pathogenic 
bacteria. Jordan J Bio Sci. 2016;9(3):221-226.

Jafri L, Saleem S, Ullah N, Mirza B. In vitro assessment 
of antioxidant potential and determination of polyphenolic 
compounds of Hedera nepalensis K. Koch. Arab J Chem. 
2017;10(Suppl 2):S3699-S3706.

Jennings A, Welch AA, Fairweather-Tait SJ, Kay C, Minihane 
A-M, Chowienczyk P, et al. Higher anthocyanin intake is 
associated with lower arterial stiffness and central blood 
pressure in women. Am J Clin Nutr. 2012;96(4):781-788.

Kang J-W, Yun N, Han H-J, Kim J-Y, Kim J-Y, Lee S-M. 
Protective effect of flos lonicerae against experimental 
gastric ulcers in rats: mechanisms of antioxidant and anti- 
inflammatory action. Evid Based Complementary Altern 
Med. 2014;596920. doi: 10.1155/2014/596920

Kanwal S, Ullah N, Haq I, Afzal I, Mirza B. Antioxidant, 
antitumor activities and phytochemical investigation of 



Gastroprotective potential and mechanisms of action of Hedera nepalensis

Braz. J. Pharm. Sci. 2023;59: e20493	 Page 15/15

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

Hedera nepalensis K. Koch, an important medicinal plant 
from Pakistan. Pak J Bot. 2011;43:85-89.

Kim S-H, Jun C-D, Suk K, Choi B-J, Lim H, Park S, 
et al. Gallic acid inhibits histamine release and pro-
inflammatory cytokine production in mast cells. Toxicol 
Sci. 2006;91(1):123-131.

Klein LC, Gandolfi RB, Santin JR, Lemos M, Cechinel 
Filho V, de Andrade SF. Antiulcerogenic activity of extract, 
fractions, and some compounds obtained from Polygala 
cyparissias St. Hillaire & Moquin (Polygalaceae). Naunyn 
Schmiedbergs Arch Pharmacol. 2010;381(2):121-126. 

Lee M, Kallal S, Feldman M. Omeprazole prevents 
indomethacin‐induced gastric ulcers in rabbits. Aliment 
Pharmacol Ther. 1996;10(4):571-576.

Liu X, Zakaria M, Islam M, Radhakrishnan R, Ismail A, 
Chen H, et al. Anti-inflammatory and anti-ulcer activity of 
Calligonum comosum in rats. Fitotherapia. 2001;72(5):487-491.

Luna JS, Dos Santos A, De Lima M, De Omena M, De 
Mendonça F, Bieber L, et al. A study of the larvicidal and 
molluscicidal activities of some medicinal plants from 
northeast Brazil. J Ethnopharmacol. 2005;97(2):199-206.

Martin M, La-Casa C, Alarcon-de-La-Lastra C, Cabeza J, 
Villegas I, Motilva V. Anti-oxidant mechanisms involved 
in gastroprotective effects of quercetin. Z Naturforsch C J 
Biosci. 1998;53(1-2):82-88.

Muthusamy V, Anand S, Sangeetha K, Sujatha S, Arun 
B, Lakshmi B. Tannins present in Cichorium intybus 
enhance glucose uptake and inhibit adipogenesis in 3T3-L1 
adipocytes through PTP1B inhibition. Chem Biol Interact. 
2008;174(1):69-78. 

Sannomiya M, Fonseca VB, Da Silva MA, Rocha LRM, 
Santos LC dos, Hiruma-Lima CA, et al. Flavonoids and 
antiulcerogenic activity from Byrsonima crassa leaves 
extracts. J Ethnopharmacol. 2005;97(1):1–6, 2005. 

Odeja O, Obi G, Ogwuche CE, Elemike EE, Oderinlo Y. 
Retracted Article: Phytochemical Screening, Antioxidant 
and Antimicrobial activities of Senna occidentalis (L.) leaves 
Extract. Clin Phytosci. 2015;1(6):1-6.

Pratt D. Natural antioxidants from plant material. ACS 
Publications. 1992. Chapter 5; 54-7. DOI: 10.1021/bk-1992-
0507.ch005

Qureshi RA, Ghufran MA, Gilani SA, Sultana K, Ashraf 
M. Ethnobotanical studies of selected medicinal plants of 
Sudhan Gali and Ganga Chotti Hills, District Bagh, Azad 
Kashmir. Pak J Bot. 2007;39(7):2275-2283.

Ramis IB, Moraes EPd, Fernandes MS, Mendoza-Sassi R, 
Rodrigues O, Juliano CRV, et al. Evaluation of diagnostic 
methods for the detection of helicobacter pylori in gastric 
biopsy specimens of dyspeptic patients. Braz J Microbiol. 
2012;43(3):903-908.

Sattar A, Abdo A, Mushtaq MN, Anjum I, Anjum A. 
Evaluation of Gastro-protective activity of Myristica fragrans 
on Ethanol-induced ulcer in albino rats. An Acad Bras 
Ciênc. 2019;91(2):e20181044. https://doi.org/10.1590/0001-
3765201920181044.

Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L. 
Dietary polyphenols and the prevention of diseases. Cri Rev 
Sci Nutri. 2005;45(4):287-306.

Sumbul S, Ahmad MA, Mohd A, Mohd A. Role of phenolic 
compounds in peptic ulcer: An overview. J Pharm BioALLied 
Sci. 2011;3(3):361-367.

Tiong SH, Looi CY, Hazni H, Arya A, Paydar M, Wong 
WF, et al. Antidiabetic and antioxidant properties of 
alkaloids from Catharanthus roseus (L.) G. Don. Molecules. 
2013;18(8):9770-9784.

Tokuşoğlu Ö, Ünal M, Yildirim Z. HPLC-UV and GC-
MS characterization of the flavonol aglycons quercetin, 
kaempferol, and myricetin in tomato pastes and other tomato-
based products. Acta Chromatogr. 2003;13(13):196-207.

Wallace JL. Prostaglandins, NSAIDs, and gastric mucosal 
protection: why doesn’t the stomach digest itself? Physiol 
Rev. 2008;88(4):1547-1565.

Yamamoto K, Kakegawa H, Ueda H, Mutsumoto H, Sudo T, 
Miki T, et al. Gastric cytoprotective anti-ulcerogenic actions 
of hydroxychalcones in rats. Planta Med. 1992;58(5):389-393.

Received for publication on 12th July 2020
Accepted for publication on 21st June 2022


