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Abstract: Actinodaphne sesquipedalis Hook. F. Var. Glabra (Kochummen), also known as 

“Medang payung” by the Malay people, belongs to the Lauraceae family. In this study, methanol 

leaf extract of A. sesquipedalis was investigated for their acute toxicity and gastroprotective effects 

to reduce ulcers in rat stomachs induced by ethanol. The rats were assigned to one of five groups: 

normal group (group 1), ulcer group (group 2), control positive drug group (group 3) and two 

experimental groups treated with 150 mg/kg (group 4) and 300 mg/kg (group 5) of leaf extract. 

The rats were sacrificed an hour after pretreatment with extracts, and their stomach homogenates 

and tissues were collected for further evaluation. Macroscopic and histological analyses showed 

that gastric ulcers in rats pretreated with the extract were significantly reduced to an extent that it 

allowed leukocytes penetration of the gastric walls compared with the ulcer group. In addition, 

an ulcer inhibition rate of 70% was detected in rats treated with both doses of A. sesquipedalis 

extract, showing a notable protection of gastric layer. Severe destruction of gastric mucosa was 

prevented with a high production of mucus and pH gastric contents in both omeprazole-treated and 

extract-treated groups. Meanwhile, an increase in glycoprotein uptake was observed in pretreated 

rats through accumulation of magenta color in Periodic Acid Schiff staining assay. Analysis of 

gastric homogenate from pretreated rats showed a reduction of malondialdehyde and elevation 

of nitric oxide, glutathione, prostaglandin E2, superoxide dismutase and protein concentration 

levels in comparison with group 2. Suppression of apoptosis in gastric tissues by upregulation 

of Hsp70 protein and downregulation of Bax protein was also observed in rats pretreated with 

extract. Consistent results of a  reduction of gastric ulcer and the protection of gastric wall were 

obtained for rats pretreated with A. sesquipedalis extract, which showed its prominent gastro-

protective potential in rats’ stomach against ethanol-induced ulcer.

Keywords: Actinodaphne sesquipedalis, methanol extracts, gastric ulcer, ethanol, 

mechanism

Introduction
Gastric ulcer is considered the most prevalent gastrointestinal disorder in developed 

countries and has turned out to be a progressive worldwide health issue. Gastric ulcer 

is a condition where an erosion or a lesion in the gastric mucosa penetrates into the 

submucosa or deeper.1 One of the causes of this disorder is an imbalance between the 

protective factors (prostaglandin, bicarbonate, nitric oxide [NO] and growth factors) 

and destructive factors (infection by Helicobacter pylori, use of nonsteroidal anti-

inflammatory drugs and lifestyle),1–3 resulting in disruption of the gastric mucosal 

defensive barrier leading to gastric ulcer.4 Gastroprotective agents prescribed for 

ulcer are generally nonspecific, by which the secretion of gastric acid is controlled 
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by antacids, H
2
 receptor blockers (ranitidine, famotidine) or 

proton pump blockers (omeprazole and lansoprazole), proton 

pump inhibitors or antihistamines.5 However, recently, these 

drugs are facing major problems due to their limited efficacy 

against gastric diseases and severe side effects.6,7

Due to these issues, continuous efforts to find suitable 

natural protective agents with gastroprotective properties need 

to be taken. One of the best strategies for the prevention and 

treatment of gastric ulcer which is currently gaining global 

attention is the use of medicinal plants.8 Medicinal plants and 

crude drug substances have been reported to have potential  

anti-gastric ulcer components that combat gastric ulcer as 

well as various diseases.9–11 In this study, we investigated the 

potential gastroprotective effect of methanol leaf extracts of 

Actinodaphne sesquipedalis, which belong to the family of 

Lauraceae, in rat models with ethanol-induced ulcer.

Materials and methods
Plant materials
The leaves of A. sesquipedalis Hook. F. var. Glabra 

(Kochummen) were collected from Reserved Forest Cameron 

Highland, Pahang, in 2011. The species was identified by the 

botanist of Malayan Herbarium, University of Malaya, with 

the voucher specimen number HIR 011.

Extraction of plant
The leaves of A. sesquipedalis were oven-dried at 40°C 

for a week and ground into a powder. The leaves (700 g) 

were extracted with methanol solvent for 72  h at room 

temperature (with occasional stirring). The mixture was 

filtered and concentrated using the rotary evaporator (Buchi, 

New Castle, DE, USA). The crude methanol leaf extract 

weighed 83.55 g.

Preliminary phytochemical investigations
The preliminary phytochemical screening of the extract was 

carried out according to the standard procedures to determine 

the constituents present in the extract.12–14 The extract was 

screened for the presence of alkaloids,12 saponins,13 sterols and 

triterpenes,13 polyphenols,14 as well as tannins.12 Meanwhile, 

high-performance liquid chromatography (HPLC) was 

performed to determine the HPLC profiling of the extract 

using Agilent 1290 Infinity LC system.

Animal study
Ethical issues
The use of animals in this study was approved by the Ethics 

Committee for Animal Experimentation, Faculty of Medicine, 

University of Malaya, Malaysia (ethical approval no 

PM/28/09/2006/1111/MAA (R)) (Supplementary materials). 

The animals were monitored and maintained according to the 

Guide for the Care and Use of Laboratory Animals prepared 

by the National Academy of Sciences and guidelines of the 

Organization for Economic Cooperation and Development 

(OECD).

Omeprazole
Omeprazole is a proton pump inhibitor commonly used for 

the prevention and the treatment of peptic ulcers. In this 

study, omeprazole was used as a positive control drug and 

was obtained from the Department of Pharmacy, University 

of Malaya Medical Centre (UMMC). The drug was dissolved 

in Tween 20 (10%, v/v) and used as the normal control. 

Meanwhile, the drug was administered orally to the rats 

(5 mL/kg) at doses of 20 mg/kg of body weight according to 

the recommendation of researchers of a previous study.15

Acute toxicity study
Healthy ICR mice of 6–8 weeks of age and 25–35 g of weight 

were obtained from the Experimental Animal House, Faculty 

of Medicine, University of Malaya. The acute toxicity test was 

performed according to the guideline published by the OECD 

to determine a safer dose of A. sesquipedalis extracts. A total 

of 36 mice (18 males and 18 females) were divided equally 

into three groups and were labeled as Tween 20 (10%, v/v) 

vehicle control group, 1,000 mg/kg extract (low dose) group 

and 2,000  mg/kg extract (high dose) group, respectively. 

Prior to dosing, the animals were fasted overnight except for 

access to water; however, water access was stopped for 2 h 

before and after the dosing, while food was suspended for 

3 h after dosing. The mice received their respective dose of 

extracts (5 mL/kg) at 1,000 and 2,000 mg/kg and were evalu-

ated for 14 days for any toxicological symptoms. On day 15, 

the animals were sacrificed under anesthesia (ketamine and 

xylazine). Blood sample was collected to analyze its bio-

chemical properties using clinical laboratory diagnostics. 

Meanwhile, the liver and renal samples were processed for 

histological studies.

Stimulation of acute gastric lesion
The rats (175 and 210 g) were obtained from the Experi-

mental Animal House, Faculty of Medicine, University 

of Malaya, and randomly divided into five groups. Each 

group consisted of six rats which were kept individually in 

stainless steel cages with raised floors of wide-mesh wire 

bottoms to prevent coprophagia. They were maintained 
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at a temperature of 25°C with a light–dark cycle ratio of 

12 h:12 h. The animals were fasted for 24 h but were allowed 

free access to water till 2 h prior to the experiment. Group 1 

was labeled as normal control and was gavage-pretreated 

with 10% Tween 20 (5 mL/kg of body weight). Group 2 

(ulcer control) was orally administered with vehicle (10% 

Tween 20, v/v; 5 mL/kg of body weight). Group 3 (positive 

control) received oral doses of 20 mg/kg omeprazole with 

vehicle (5 mL/kg of body weight). Experimental groups (4 

and 5) were pretreated (5 mL/kg) with methanol leaf extract 

of two different doses (150 and 300 mg/kg), respectively. 

Groups 2–5 received absolute ethanol after 60 min of pre-

treatment in order to induce gastric mucosal ulcer.16 All 

animals were sacrificed after an hour with an overdose of 

ketamine and xylazine anesthesia, followed by euthanization 

by cervical decapitation. Their stomachs were then instantly 

excised and immersed in 10% buffered formalin solution 

prior to gastric lesions analysis. The blood samples were also 

collected from their jugular vein for further analysis.

Measurement of acid content of gastric 
juice (pH)
The gastric contents of each rat stomach were collected 

and transferred into a Falcon tube prior to centrifugation. 

The samples were centrifuged at 2,990× g for 10 min. The 

hydrogen ion concentration of gastric content was measured 

using a digital pH meter.

Measurement of gastric wall mucus
The luminal surface of each stomach was removed and trans-

ferred into 10 mL of Alcian blue solution. The free dye was 

then removed by adding 10 mL of sucrose, while conjugated 

dye with the tissue was extracted using 0.5 M magnesium 

chloride (10 mL). A total of 4 mL blue extract was mixed 

with 4 mL of diethyl ether and shaken vigorously for a few 

minutes. prior to measurement, the mixture was centrifuged 

at 2,990× g for 10 min. The quantity of Alcian blue was 

measured using a spectrophotometer at the absorbance 

of 580 nm.17

Evaluation of gross gastric lesions
Each stomach was carefully cut along a greater curvature 

and rinsed with normal saline to remove gastric contents. 

According to previous studies, the length (mm) and the 

width (mm) of each band of hemorrhagic lesions (ulcer 

area) were measured using planimeter ([10×10 mm = ulcer 

area] under dissecting microscope [×1.8]).10,15,18 The bands 

of hemorrhagic mucosal lesion which covered the length 

and width of each ulcer band were counted by calculating 

the number of small squares (2×2 mm). The measure of all 

areas of lesions (mm2) for each stomach was expressed as 

the ulcer area (mm2).19

Histological study of gastric wall
The histological study was conducted using two different 

stains, hematoxylin and eosin (H&E) and periodic Acid 

Schiff (PAS).20 Briefly, stomach tissues fixed in 10% buffered 

formalin were processed using paraffin tissue-processing 

machine (Leica, Wetzlar, Germany). The stomach tissues 

were embedded in paraffin wax and sectioned at 5  µm 

thickness. Each specimen was then stained with H&E stain 

and observed under a light microscope (Nikon, Tokyo, 

Japan). Meanwhile, PAS staining was done to evaluate the 

production of mucus in each stomach at the glandular part. 

The same procedure was carried out for PAS staining, in 

which a 5 µm specimen of stomach tissue was stained with 

PAS prior to examination under microscope.

Immunohistochemistry
The immunohistochemical analysis of rat’s stomach tissue 

was conducted using DakoCytomation staining protocol 

(Agilent Technologies, Santa Clara, CA, USA).21 In brief, 

the rat’s stomach tissues were cut at 5 µm thickness prior 

to deparaffinization and dehydration. Each section was then 

fixed on a glass slide treated with 3-aminopropyltrimethox-

ysilane and washed with a washing buffer. Each section of 

stomach was incubated for 15 min with a primary antibody 

(biotinylated), followed by staining with Hsp70 and Bax 

using streptavidin peroxidase detection reagents (Abcam, 

Cambridge, UK). A light microscope was used to observe the 

brown-stained regions which indicated positive findings.

Biological activity of gastric tissue 
homogenate
Preparation of sample
The preparation of gastric tissue samples was done using 

a homogenizer (Polytron, RZR 1; Heidolph, Schwabach, 

Germany) for the evaluation of its biological activity. A small 

fragment of each gastric tissue (about 200 mg for each) was 

taken and homogenized (10%, w/v) in ice cold phosphate-

buffered saline (0.1 mol/L; pH 7.4) consisting of mammalian 

protease inhibitor cocktail.22 The homogenates were then cen-

trifuged at 18,000× g for 15 min at 4°C. The pure supernatant 

was separated and further analyzed for the levels of superoxide 

dismutase (SOD), catalase, glutathione (GSH), malondialde-

hyde (MDA), prostaglandin E2 (PGE
2
) and NO.
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Measurement of SOD activity
The experiment was performed in a 96-well plate using 

Cayman’s Superoxide Dismutase Assay Kit, based on the 

manufacturer’s procedure. In brief, each well was added 

with diluted radical detector (200 mL), followed by 10 mL 

of standard and 10 mL of samples, according to the manufac-

turer’s instruction. Prior to measurement, a total of 20 mL of 

diluted xanthine oxidase was added to each well and incubated 

for 20 min to initiate the reaction. The plate was then read 

using a microplate reader at a wavelength of 440–460 nm.

Measurement of NO
Griess assay was carried out through the measurement of 

nitrite/nitrate concentration to measure the NO level.23 The 

supernatant was aliquoted carefully into several tubes and 

added with vanadium trichloride (0.8% [w/v] in 1 M HCl). 

The mixture was then added rapidly with Griess reagent 

(Sigma, St Louis, MO, USA), and absorbance was measured 

using a spectrophotometer at a wavelength of 540 nm.

Measurement of GSH levels
Cayman’s Glutathione Peroxidase Assay Kit was used to 

investigate the level of GSH in rat’s stomach. The experiment 

was conducted in a 96-well plate. Each well was added with 

assay buffer and co-substrate mixture. The diluted glutathione 

peroxidase was then added into the positive wells and sample 

wells prior to measurement. Total GSH content was measured 

using a spectrophotometer at a wavelength of 340 nm.

Measurement of membrane lipids peroxidation 
activity
Lipid peroxidation can be evaluated through the MDA level 

in the rat tissue using a Cayman’s TBARS Assay Kit. Based 

on the manufacturer’s instruction, a volume of 250 mL of 

prepared gastric supernatant was used in radioimmunoprecip-

itation assay buffer with a protease inhibitor. The experiment 

was performed in a 5 mL vial consisting of 100 mL of sample 

or positive control, 100 mL of sodium dodecyl sulfate (SDS) 

solution and 4 mL of the color reagent. The vial was then 

boiled for an hour, and the reaction was stopped by placing 

the vial in -20°C for 10 min. The mixture was centrifuged 

at 4°C at 1,600× g for 10 min. The absorbance of the super-

natant was measured by a spectrophotometer at a wavelength 

of 532 nm.

Measurement of PGE2 level
This assay was performed using a Cayman’s PGE

2
 EIA 

Kit according to the manufacturer’s protocol. In brief, 

the supernatant consisting of PGE
2
 was added into a 96-well 

plate, followed by four reagents: enzyme immunoassay (EIA) 

buffer, PGE
2
 EIA standard, PGE

2
 AChE tracer and PGE

2
 

monoclonal antibody. All reagents were added successively 

into the 96-well plate. The absorbance of the plate was then 

measured at a wavelength of 420  nm using a microplate 

reader (UV-1201; Shimadzu Corp., Kyoto, Japan).

Measurement of protein concentration
Gastric homogenate of rat stomach was collected to determine 

the protein concentrations (mg/mL tissue) of each stomach. 

Biuret reaction was used to calculate the protein concentration 

as described by Gornall et al.24 The concentration of protein 

was measured quantitatively by spectrometric analysis.

Western blot experiment
The measurement of protein concentration from the gastric 

homogenate was carried out according to Bradford’s colori-

metric method.25 Total protein from all groups (200 mg/mL) 

was dissolved with Laemmli buffer (PB buffer 0.5 M, pH 6.8; 

glycerol, SDS 10%, bromophenol 0.1%, mercaptoethanol) 

prior to separation onto 10% acrylamide gel. The transfer of 

protein bands from the gel onto a nitrocellulose membrane 

was done overnight. The specific primary antibodies, 

including β-actin (1:10,000), Bax (1:1,000) and Hsp70 

(1:1,000) (Santa Cruz Biotechnology, Dallas, TX, USA), 

were added onto separate membranes and incubated for 

an hour. The primary antibodies were then conjugated 

with secondary antibodies and incubated for another hour. 

The bands were detected by the chemiluminescence light-

detecting kit (SuperSignal West Femto Chemiluminescent 

Substrate; Thermo Fisher Scientific, Waltham, MA, USA) 

and photographed.

Statistical analysis
All analyses were recorded as mean ± standard error of the 

mean (n=6). The statistical significance differences of the 

P-value between groups were assessed according to Tukey’s 

honest significance difference and one-way analysis of 

variance (SPSS version 20). A value of P,0.05 was consid-

ered significant. All assays were performed in triplicate. The 

metadata of studied plant is provided in the Supplementary 

materials.

Results
Evaluation of A. sesquipedalis constituents
Preliminary phytochemical screening of A. sesquipedalis 

provides information about the constituents present in the 
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extract. As shown in Table 1, the extract exhibited the 

presence of alkaloids, saponins, polyphenols and tannins. 

The constituents present in the highest level in the extracts 

are indicated by 4+. Among them, alkaloids and tannins were 

more predominant in the extracts (4+), while saponins were 

less predominant (2+). The HPLC fingerprint of extract 

displayed an abundance of constituents as shown in the 

Supplementary materials.

Evaluation of acute toxicity
The evaluation of toxicity in rats treated with leaf extract 

of A. sesquipedalis at low (1,000  mg/kg) and high 

(2,000 mg/kg) doses exhibited no abnormal physiological, 

behavioral or body weight changes after 14 days of the treat-

ment. Figure 1 shows the histological examination results of 

the liver and kidney which shows no toxicity was detected 

in both the organs. In addition, serum biochemical analysis 

(Tables 2 and 3) demonstrated no significant differences 

between groups treated with extracts and the control group, 

showing no toxic effects of leaf extract on animal models.

Analysis of gastric acidity
Analysis of the gastric acid substance (Table 4) showed a 

remarkable decrease of gastric acidity in pretreated groups 

(groups 3–5) compared with ulcer control group. The acidity 

substance in normal group (group 1) exhibited no significant 

differences (P.0.05) when compared with the pretreated 

groups. The leaf extract at both doses produced lower acidity 

with higher pH than omeprazole (group 3) used in positive 

control group.

Analysis of gastric wall mucus
As shown in Table 4, gastric wall mucus in rats pretreated 

with A. sesquipedalis extract increased at low and high doses 

compared with group 2. However, there was a significant 

increase (P,0.05) of gastric wall mucus at a high dose 

(300 mg/kg) when compared to ulcer group (group 2) with 

3.01±0.45 mg Alcian blue/g tissue.

Macroscopic assessment of gastric lesions
The macroscopic evaluation of MeOH extract is shown in 

Figure 2. The hemorrhagic lesions can be seen at the glan-

dular portions in ulcer group. Meanwhile, the reduction of 

lesions was observed in the stomachs of rats pretreated with 

all extracts as compared to ulcer group. As shown in Table 4, 

the percentage of ulcer inhibition increased significantly in 

rats pretreated with extracts in a dose-dependent manner. The 

leaf extract at a dose of 300 mg/kg exhibited an ulcer inhibi-

tion rate of 74%, and 71% at low dose (150 mg/kg).

Table 1 Phytochemical analysis of methanol leaf extract of 
Actinodaphne sesquipedalis

Constituents

Alkaloids Saponins Sterols and 
triterpenes

Polyphenols Tannins

4+ 2+ - 3+ 4+

Notes: “+” indicates the presence of compounds, while “-” indicates the absence.

Figure 1 Histological analysis of the kidney and liver (hematoxylin and eosin staining, ×20) for evaluating acute toxicity.
Notes: The mice were treated with low (1,000 mg/kg) and high doses (2,000 mg/kg) of leaf extract of Actinodaphne sesquipedalis. There are no significant differences between 
untreated (control) groups and groups treated with leaf extract.
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Histological assessment of gastric lesions
As shown in Figure 3, the H&E staining showed severe mucosal 

damage and leukocyte infiltration into the mucosa of ulcer 

group. However, the destruction of gastric mucosa decreased 

in rats pretreated with omeprazole (group 3) and leaf extract 

(groups 4 and 5). Meanwhile, Periodic Acid Schiff (PAS) 

staining (Figure 4) exhibited an increase in intensity of magenta 

color in pretreated rats as compared to ulcer group, indicating 

an increase of glycoprotein uptake in the gastric mucosa. In 

addition, the intensity increased in a dose-dependent manner 

with 150 and 300 mg/kg of leaf extract.

Immunohistochemical analysis
The results of immunohistochemical analysis of Bax and 

Hsp70 are shown in Figures 5 and 6, respectively. The expres-

sion of Hsp70 protein in ulcer group was reduced when com-

pared with groups 3–5. Upon pretreatment with omeprazole 

(group 3) and leaf extract (groups 4 and 5), the rats showed 

upregulation of Hsp70 protein with increase of brown color 

stain. In contrast, the Bax protein displayed downregulation 

of expression in rats pretreated with omeprazole and leaf 

extract by decrease of brown color stain compared with 

ulcer group.

Analysis of biochemical substances of  
MDA and PGE2 and protein 
concentration
The MDA, PGE

2
 and protein levels are shown in Table 5. The 

MDA levels of rats treated with the leaf extract of both doses 

(150 and 300 mg/kg) showed significant decrease (P,0.05) 

when compared with the ulcer group (group 2) (Table 5). In 

contrast, the extracts also exhibited no significant differences 

(P.0.05) when compared with omeprazole which was a 

control positive drug. Meanwhile, there was an enhancement 

of PGE
2
 levels in ulcer group (group 2) compared to rats 

which was given omeprazole (group 3) and A. sesquipedalis 

extract (groups 4 and 5) (Table 5). There was a significant 

increase (P,0.05) of PGE
2
 level in pretreated rats (group 

3–5) when compared with group 2. Furthermore, the PGE
2
 

levels of extract-pretreated rats were comparable with 

omeprazole group (group 3) with no significant differences 

(P.0.05). Protein concentration in the gastric homogenate of 

rats pretreated with A. sesquipedalis extract showed a slight 

increase when compared with ulcer group (group 2) as shown 

in Table 5. There were also significant differences (P,0.05) 

detected between groups 4 and 5 compared to omeprazole 

group (group 3).

Antioxidant analysis of stomach 
homogenate
Rats pretreated with omeprazole (group 3) and A. sesquipedalis 

extract (150 and 300 mg/kg) (groups 4–5) had an increase 

in activities of antioxidants enzyme of NO, GSH and SOD 

(Figure 7). The levels of GSH, NO and SOD in the gastric 

homogenates of the pretreated groups (omeprazole and 

extract) were significantly increased (P,0.05) compared to 

ulcer group (group 2). As shown in Figure 7, the GSH levels 

of groups pretreated with extract at a higher dose (300 mg/kg) 

Table 2 Effects of Actinodaphne sesquipedalis extract on renal function in mice

Animal groups Renal function

Sodium 
(mM/L)

Pottasium 
(mM/L)

Chloride 
(mM/L)

CO2 
(mM/L)

Anion 
(mM/L)

Urea 
(mM/L)

Creatinine 
(µM/L)

Control (Tween 20, 10%, v/v) 146.06±0.76 4.71±0.26 105.22±1.29 26.07±0.91 18.13±0.96 7.08±0.66 35.24±1.87
2,000 mg/kg 144.65±0.45 4.42±0.65 104.17±1.08 27.71±1.60 15.92±1.58 6.39±0.54 37.33±1.38
1,000 mg/kg 142.37±0.55 4.53±0.11 103.28±1.62 28.33±1.07 17.05±1.18 7.15±0.82 37.81±1.79

Table 3 Effects of Actinodaphne sesquipedalis extract on liver function in mice

Animal 
groups

Liver function

Total 
protein 
(g/L)

Albumin 
(g/L)

Globulin 
(g/L)

Total 
bilirubin 
(µM/L)

Conjugated 
bilirubin 
(µM/L)

Alkaline 
phosphatase 
(IU/L)

Alanine 
transaminase 
(IU/L)

Aspartate 
transaminase 
(IU/L)

Gamma-glutamyl 
transferase 
(IU/L)

Control 
(Tween 20, 
10%, v/v)

62.17±1.39 39.05±2.04 20.02±1.14 2.00±0.00 1.00±0.00 143.36±3.04 49.55±3.41 169.08±2.98 2.00±0.00

2,000 mg/kg 59.52±1.07 34.26±2.53 18.18±1.92 2.00±0.00 1.00±0.00 135.77±2.96 48.38±2.75 162.84±3.71 2.00±0.00
1,000 mg/kg 60.37±125 36.11±1.91 16.95±1.64 2.00±0.00 1.00±0.00 138.02±2.67 47.91±3.25 167.35±3.57 2.00±0.00
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were higher with no significant differences (P.0.05) compared 

with omeprazole control positive drug group. Meanwhile, the 

SOD level of group 5 was 25.4±0.04 U/mg protein compared 

to group 4 with 19.5±0.08 U/mg protein. The NO level of 

rats pretreated with extract was comparable with omeprazole 

group (8.4±0.09 mol/g tissue) with no significant differences 

(P.0.05) compared to group 4 (7.2±0.02 mol/g tissue) and 

group 5 (7.9±0.01 mol/g tissue).

Western blot analysis
The protein expression analysis of Bax and Hsp70 is shown 

in Figure 8. Results showed that Hsp70 expression was 

significantly increased, while a decrease in Bax expression 

(P,0.05) was observed when compared with ulcer group 

(group 2). The group treated with extract at 300  mg/kg 

exhibited the highest expression of Hsp70 protein with 

1.10-fold changes. Meanwhile, the group treated with same 

dose (300 mg/kg) of extract showed lower expression of Bax 

protein compared to the group treated with 150 mg/kg with 

0.83-fold changes.

Discussion
The present study exhibits the capability of leaf extract of 

A. sesquipedalis of preventing ethanol-induced gastric ulcer 

in rats’ stomach. Ethanol has been widely used by researchers 

to induce gastric acute hemorrhagic lesion in animal 

Figure 2 Macroscopic appearance of the gastric mucosa induced by ethanol in the normal and pretreated rat groups (n=6).
Notes: (A) Normal control (10% Tween 20). (B) Ulcer control (absolute EtOH) shows remarkably severe hemorrhagic lesions as indicated by black arrow. (C) Stomach 
pretreated with omeprazole (20 mg/kg) exhibits less lesions. (D and E) Stomachs pretreated with low (150 mg/kg) and high dose (300 mg/kg) of leaf extract, respectively, 
show reduction in the gastric lesions.

Table 4 Effects of Actinodaphne sesquipedalis extracts on ulcer index, percentage inhibition, gastric mucus content and pH of gastric 
content

Animal 
group

Pretreatment Ulcer index 
(mm2)

Inhibition 
(%)

Mucus content (mg 
Alcian blue/g tissue)

pH of gastric 
content

1 Vehicle (normal control) 0 0 1.99±0.07 3.00±0.78
2 Vehicle (ulcer control) 496.5±6.89 0 1.15±0.11 1.67±0.99
3 Omeprazole (20 mg/kg) 115.0±6.87* 77.0* 4.69±0.10* 3.62±0.10*
4 Leaves extract (150 mg/kg) 144.8±9.99*,# 71.0* 1.82±0.06# 4.04±0.08*
5 Leaves extract (300 mg/kg) 130.7±4.92*,# 74.0* 3.01±0.45* 4.20±0.02*

Notes: Data are reported as mean ± standard error of the mean (n=6). *P,0.05 compared to group 2; #P,0.05 compared to group 3. All the biological assays were done 
in triplicate.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2017:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1360

Omar et al

models;11,17,26 as a consequence, gastric ulcer will be formed 

due to vascular damage and gastric cell necrosis.27 The doses 

of 150 and 300 mg/kg of A. sesquipedalis leaf extract resulted 

in a reduction of gastric ulcer and therefore exhibited poten-

tial gastroprotective effects in rats’ stomach. In addition, the 

extract also showed no acute toxicity in animal models even at 

high doses, as illustrated in Figure 1 and Tables 2 and 3. These 

results indicated that oral consumption of A. sesquipedalis 

extract for the treatment of gastric ulcer does not cause toxicity 

in both the liver and renal system.

The effectiveness of A. sesquipedalis leaf extract as a 

gastroprotective agent has been proven through various 

Figure 3 H&E staining of the gastric epithelium of each group of rats.
Notes: (A) Normal group without ethanol induction (10% Tween 20). (B) Ulcer group (absolute EtOH) with severe mucosal damages (black arrow) and leukocyte 
penetration (red arrow) along submucosal layer. (C–E) Stomachs pretreated with omeprazole (20 mg/kg) and leaf extract of low (150 mg/kg) and high (300 mg/kg) doses, 
respectively, show decreased mucosal damage.
Abbreviation: H&E, hematoxylin and eosin.

Figure 4 Histological appearance of stomachs mucosa after PAS staining.
Notes: (A) Normal control group (10% Tween 20). (B) Ulcer group (absolute EtOH) shows severe destruction of gastric mucosa and mucus glands. (C) Stomach pretreated 
with omeprazole (20 mg/kg) exhibits increased intensity of magenta color, corresponding to glycoprotein secretion (white arrow). (D and E) Stomachs pretreated with leaf 
extract of low (150 mg/kg) and high (300 mg/kg) doses, respectively, showing dose-dependently increased intensities of PAS staining.
Abbreviation: PAS, periodic Acid Schiff.
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experimental studies. Previously, the genus Actinodaphne 

was also used as a traditional Chinese medicine for the 

treatment of stomachache.28 Actinodaphne plants are rich 

in diverse biological active alkaloids, which have phyto-

pharmaceutical properties, such as dicentrine, liriodenine, 

(+)-N-(2-hydroxypropyl) lindcarpine, boldine, norboldine, 

lindcarpine and methyllindcarpine.29–32 As shown in Table 1, 

alkaloids contribute the most secondary constituents in the 

studied plant that could potentially act as inhibitors to prevent 

gastric ulcer.

The effects of A. sesquipedalis leaf extract in rat stomachs 

were compared with omeprazole which was used as a control 

Figure 5 Effects on Bax protein expression determined through immunohistochemical analysis.
Notes: (A) Normal control group (10% Tween 20). (B) Ulcer group (absolute EtOH) shows high expression of Bax protein as shown by brown color stain (black arrow). 
(C) Stomachs pretreated with omeprazole (20 mg/kg) exhibit less expression of Bax protein. (D and E) Stomachs pretreated with leaf extract of low (150 mg/kg) and high 
(300 mg/kg) doses, respectively, display less expression of Bax protein with reduction of brown stain.

Figure 6 Effects on Hsp70 protein expression determined through immunohistochemical analysis.
Notes: (A) Normal control group (10% Tween 20). (B) Ulcer group (absolute EtOH) shows less expression of Hsp70 protein. (C) Rats pretreated with omeprazole 
(20 mg/kg) show high expression of Hsp70 protein as indicated by brown color stain (white arrow). (D and E) Rats pretreated with the leaf extract of low (150 mg/kg) and 
high (300 mg/kg) doses, respectively, show high expression of Hsp70 protein.
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positive drug. The leaf extract showed comparable action 

with omeprazole by preventing acid secretion in the stom-

ach.21 Administration of ethanol can lead to production of a 

high amount of acid content which leads to gastric ulcer.33 

Pretreatment with A. sesquipedalis leaf extract reduced the 

acidity in rat stomach and subsequently increased the pH of 

the gastric substance as shown in Table 4. Another factor that 

protects the stomach from ulcer injury is the gastric mucus. 

The presence of gastric mucus enhances the protection of 

gastric wall from gastric acid, as well as acting as a barrier 

against self-digestion.34 Gastric ulcer can be treated by the 

administration of leaf extract of A. sesquipedalis for the 

significant production of gastric mucus (Table 4). Results 

from the PAS study also supported the evidence of mucus 

production in pretreated rats with increasing intensity of 

magenta color, as illustrated in Figure 4. A comparable study 

conducted by Nordin et al on Enicosanthellum pulchrum 

extracts exhibited an increase in gastric pH and mucus in 

pretreated rats, suggesting the capability of plant extracts in 

defending the gastric tissue from ethanol damage.23

More promising evidence has been shown for the pre-

vention of gastric ulcers through microscopic assessment. 

As shown in Figure 3, infiltration of leukocytes into ulcerated 

gastric endothelia decreased in groups 4 and 5 consisting of 

rats pretreated with the extract, suggesting protection from 

ulcers in rats’ stomachs. High accumulation and infiltration 

of leukocytes may cause tissue damage in gastric mucosa and 

also failure of microcirculation.35 Therefore, these adverse 

effects were restored by pretreating the rats’ stomachs with 

leaf extract of A. sesquipedalis.

PGE
2
 acts as a mediator in the gastrointestinal mucosal 

system to regulate the mucus secretion from gastric mucosa 

exhibiting defensive effects in gastric injury models.18 Gastric 

mucus was highly produced in the rats pretreated with extract, 

and an increase in PGE
2
 level in both groups 4 and 5 (Table 5) 

was observed proving the vital function of PGE
2
 in regulating 

the mucus production. PGE
2
 also plays a crucial role by 

maintaining the cellular integrity of the gastric mucosa.36 

Therefore, leaf extract decreased the gastric injury with a 

significant increase of PGE
2
 content in the gastric mucosa 

in comparison to omeprazole (group 3). On the contrary, 

MDA displayed a reverse action in gastric ulcer when 

rats were pretreated with leaf extract of A. sesquipedalis. 

In general, MDA is a product of lipid peroxidation that 

Table 5 Effects of Actinodaphne sesquipedalis extracts on the levels of MDA, PGE2 and protein

Animal group Pretreatment MDA (µmol/g tissue) PGE2 (ng/mg) Protein (mg/mL)

1 Vehicle (normal control) 17.4±0.42 3.5±0.13 19.1±0.51
2 Vehicle (ulcer control) 43.6±0.82 2.1±0.07 11.4±0.40
3 Omeprazole (20 mg/kg) 23.3±0.50* 3.2±0.07* 16.1±0.53*
4 Leaves extract (150 mg/kg) 29.9±2.73* 2.8±0.04* 12.1±0.35#

5 Leaves extract (300 mg/kg) 29.6±2.59* 3.5±0.04* 12.6±0.31#

Notes: All values are reported as mean ± standard error of the mean. P,0.05 was considered significant when compared with the group 2 (*) and group 3 (#). For each 
group, n=6.
Abbreviations: MDA, malondialdehyde; PGE2, prostaglandin E2.

Figure 7 Effects of the extracts on GSH, NO and SOD levels.
Notes: Groups 1–3 correspond to negative control of Tween 20, ethanol 95% and control positive (omeprazole, 20 mg/mL), respectively. The experimental groups (4 and 5) 
received 150 and 300 mg/kg of leaf extract, respectively. All values are reported as mean ± standard error of mean with P,0.05 considered significant. Significant difference 
when compared with group 2 (*) and group 3 (#).
Abbreviations: GSH, glutathione; NO, nitric oxide; SOD, superoxide dismutase.
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causes cell membrane damage37 and is also considered as a 

marker of gastric ulcer due to reactive oxygen species (ROS) 

formation.38 The reduction of MDA observed in the present 

study demonstrated that A. sesquipedalis leaf extract is able 

to inhibit lipid peroxidation produced by ethanol.

Experiments have also been conducted on antioxidants 

such as GSH and NO and antioxidant enzymes such as 

SOD for determination of antioxidant mediators of oxida-

tive stress. The presence of antioxidant enzymes in gastric 

ulcer minimizes the tissue injury in human diseases.39 The 

production of GSH and NO is essential in maintaining the 

ROS and preventing tissue injury and oxidative stress.16 

In addition, ROS are also associated with formation of 

hydrogen peroxide which in turn is converted into a stable 

form by SOD acting as an antioxidant mediator.40 Tissue 

injury caused by ROS was reduced when leaf extract of 

A. sesquipedalis was administered in rats’ stomachs, resulting 

in elevation of GSH, NO and SOD levels as shown in Figure 7. 

Increasing level of NO, which is also involved in secretion 

of mucus,39 proved higher production of mucus as shown in 

Table 4. The mechanism of action that causes SOD to increase 

in pretreated rats was possibly a result of lipid peroxide 

reduction through ROS production.41 Therefore, an increased 

amount of antioxidant and antioxidant enzyme was observed 

in the stomachs of rats in groups 4–9, suggesting the antioxi-

dant activities of the leaf extract in reducing gastric ulcers.

The action of A. sesquipedalis leaf extract on the gastric 

ulcers was also studied using two apoptotic proteins, Hsp70 

and Bax. Hsp70 plays a vital role in protecting cells from 

oxidative stress or heat shock.42 Bax is a proapoptotic protein 

belonging to Bcl-2 family which induces apoptosis via mito-

chondrial pathway.43 As shown in Figure 8, upregulation of 

Hsp70 protein in experimental groups 4–9 demonstrated that 

the gastric cells were protected by A. sesquipedalis leaf extract 

from ulcer injury induced by ethanol. In contrast, the down-

regulation of Bax protein in rats pretreated with the extracts lad 

to the prevention of apoptosis in the gastric cells.44,45 Results 

from immunohistochemical analysis and Western blotting 

experiments suggest that elevation of Hsp70 expression 

and depletion of Bax expression upon administration of leaf 

extracts protect gastric cells from ethanol injury.

Promising results from this study on the use of 

A. sesquipedalis leaf extract against gastric ulcer proved its 

potential to be developed as an agent to protect gastric tissue 

from superficial mucosal lesions caused by ethanol.
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