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Abstract

Background: Basic function of bromine in body is to activate pepsin production in gastritis with low acidity. The
present study encompasses a broad in vivo study to evaluate gastroprotective activity of a novel dibromo substituted

Schiff base complex against Sprague Dawley (SD) rats.

Methods: 2, 2′-[1, 2-cyclohexanediylbis (nitriloethylidyne)]bis(4-bromophenol) (CNBP) is synthesized via a Schiff base reaction,
using the related ketone and diamine as the starting materials. SD rats are divided as normal, ulcer control (5ml/kg of 10%

Tween 20), testing (10 and 20mg/kg of CNBP) and reference groups (omeprazole 20mg/kg). Except for the normal group,

the rest of the groups are induced gastric ulcer by ethanol 1 h after the pre-treatment. Ulcer area, gastric wall mucus, and
acidity of gastric content of the animal stomachs are measured after euthanization. Antioxidant activity of the compound is

tested by Ferric reducing antioxidant power (FRAP) test and safety of the compound is identified through acute toxicity by

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Moreover, activities of superoxide dismutase (SOD),
catalase (CAT), levels of prostaglandins E2 (PGE2) and also malondialdehyde (MDA) are determined.

Results: Antioxidant activity of CNBP was approved via FRAP assay. Vast shallow hemorrhagic injury of gastric glandular

mucosa was observed in the ulcer group compared to the CNBP-treated animals. Histological evaluations confirmed
stomach epithelial defense effect of CNBP with drastic decrease of gastric ulceration, edema and leucocytes penetration

of submucosal stratum. Immunostaining exhibited over-expression in HSP70 protein in CNBP-treated groups compared

to that of the ulcer group. Also, gastric protein analysis showed low levels of MDA, PGE2 and high activity of SOD and
CAT.

Conclusions: CNBP with noticeable antioxidant property showed gastroprotective activity in the testing rodents via

alteration of HSP70 protein expression. Also, antioxidant enzyme activities which were changed after treatment with
CNBP in the animals could be elucidated as its gastroprotective properties.
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Background

Some aggressive factors, such as stress, alcohol or long

term anti-inflammatory drugs consumption can develop

lesions in stomach and provide suitable conditions for

provoking peptic ulcer. In general, gastrointestinal ulcer

involves injury in lining of stomach, causing destruction

of muscularis and gastrointestinal tract mucosa [1].

Internal aggressive factors, such as pepsin, hydro-

chloric acid or refluxed bile, attack protective elements,

e.g. bicarbonate mucus barrier, causing higher chance

for developing gastrointestinal ulcer [2].

Some chemical compounds, such as phenolic, flavo-

noids, metallic and nonmetallic organic derivatives and

heterocycles, Schiff bases, etc., possess anti gastric ulcer

activity [3, 4]. Schiff bases are synthesized by reaction of

primary amines with carbonyl compounds [5]. Chelation

of such compounds with some metals [6–8], halogens

[9, 10], oxygen [11], etc. demonstrated to have applica-

tions as drugs and possess many biological activities,

such as, anti-viral [4], anti-bacteria [11], gastroprotective

activity [12], antioxidant [13], anti-inflammation [14]

and anti-tumors [15]. Specifically, it is noted that brom-

ine substituted complex of Schiff bases exhibits excellent

activity against gastro ulcer in rodents [16]. Basic func-

tions of bromine in body include activity in digestion of

carbohydrates and fats and also enhancing pepsin

production in gastritis with low acidity [17, 18].

Objective

The present study demonstrates synthesize of a novel

chemical compound (CNBP) and study of its antioxidant

and gastro protective activity in rodent by analyzing

effect of the compound on antioxidant enzymes activity.

Materials

Drugs

All the necessary chemicals for the syntheses were pur-

chased from Merck and Sigma-Aldrich chemical compan-

ies. SD rats were obtained from the Animal Experimental

Unit (AEU), Faculty of Medicine, University of Malaya.

Paraffin tissue processing equipment, ketamine and xyla-

zine for anesthetizing the animals and tween 20 were

purchased from Sigma-Aldrich, Germany. Omeprazole

was obtained from TROGE Medical GMBH, Germany.

Sucrose, magnesium chloride and alcian blue, MTT

reagent, thiazolyl blue and tetrazolium bromide were all

purchased from USB Affymetrix.

Methods

Synthesis and characterizations of CNBP

The Schiff base derivative, entitled: 2, 2′-[1,

2-cyclohexanediylbis(nitriloethylidyne)]bis(4-bromophenol)

(CNBP) was prepared via the following protocol [19]: A so-

lution of trans-1,2-diaminocyclohexane (2.5 g, 21.9mmol)

in methanol (70ml) was reacted with 5-bromo-2-hydroxya-

cetophenone (9.42 g, 43.8mmol) in presence of catalytic

amount of acetic acid under reflux condition for 6 h. After

cooling to ambient temperature, a yellowish green solid

was formed via filtering, washed with methanol and finally

dried over phosphorus pentoxide (Fig. 1). It was recrystal-

lized from ethanol to afford CNBP (8.45 g, 76%), m.p.

220–222 °C.

IR [KBr]: 3500 cm− 1 (OH), 3020 cm− 1 (CHaromatic),

2940, 2860 cm− 1 (CHaliphatic), 1605 cm− 1 (C=N), 1560

cm− 1(C=C), 1256 cm− 1(C-N); 1H NMR (400MHz,

CDCl3): δ 7.60/(7.48) (d, 2H, 3J = 2.4 Hz, 2x Ar-H), 7.30/

(7.29) (dd, 2H, 3J = 8.9 Hz, 2x Ar-H), 6.77/(6.75) (d, 2H,
3J = 8.9 Hz, 2x Ar-H), 4.60/(3.85) (mc, 2H, 2x CH-N),

2.32/(2.25) (s, 6H, 2x CH3), 1.9 (t~mc, 4H, 2x CH2-CH),

1.79–1.57 (mc, 2H, CH2), 1.48 (p~mc, 2H, CH2).
13C

NMR (100MHz, CDCl3): δ 170.16 (169.95) 2x (C=N),

(163.01) 162.83 2x (Ar-OH), 135.24 (135.16), 130.87

(130.70) 2x (CHAr) 120.82 (120.78) 2x (CAr-CN) 120.62

(120.51) 2x (CHAr), 108.79 (108.57) 2x (Ar-Br), 63.21

(59.61) 2x (CH-N), 32.33 (29.81), 24.19 (22.29) 2x

(CH2CH2), 14.57 (14.52) 2x (CH3).

Cytotoxicity activity

MTT cytotoxicity assay

An acute toxicity test, MTT, was done on fibroblast cells

(BJ-5ta) to find a safe dose of the compound. Fibroblast

cells were cultured in DMEM medium and enriched

with 110 mg sodium pyruvate/L, 4500mg glucose/L,

L-glutamine, 10% FBS and 1% antibiotics (penicillin and

streptomycin). It was then incubated at 37 °C in 5% CO2

in a humidified AIR Jacketed incubator (AutoFlow

NU-4750 Water Jacket CO2 Incubator). 0.5 × 105 cells/

ml was seeded into a 96-well plate followed by overnight

incubation. Different doses of CNBP (100, 50, 25, 12.5

and 6.25 μg/ml) 100 μl were diluted in distilled water,

control with 0.25% of DMSO added into each well. After

48 h incubation, 20 μl of MTT solution was added to

each well and followed by addition of 100 μl of DMSO

and the absorbance was read by a plate reader (Tecan,

The Infinite M200, Mannedorf, Switzerland) at 570 nm

[19]. The percentage of growth of the cells under

influence of the compound was calculated by the follow-

ing formula:

%cell viability ¼ Abs of compound� Abs of controlð Þ
� 100

Ferric reducing antioxidant power (FRAP) test

Reduction of ferric tripyridyl triazine (Fe III TPTZ) com-

plex to its ferrous form (intense blue color) at low pH

can be monitored by measuring the absorbance change

at 593 nm (0 and 4min). 300 mmol/l sodium acetate
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buffer (pH 3.6) and ferric chloride were added (20 mM)

to the complex followed by addition of tripyridyl triazine

(TPTZ; 0.0625 g in 40 mM HCl). For preparation of

FRAP reagent, the above reagents were mixed in a ratio

of 10:1:1. CNBP (10 μl) was added to 300 μl of FRAP

reagent and gallic acid and ascorbic acid were used as

the controls.

Experimental animals and ethical statement

Forty-eight healthy SD rats (6–8 weeks old, 200–250 g)

were housed in plastic cages under standardized environ-

ment (23 ± 2 °C, 12 h light/ 12 h dark cycle) and permitted

freely to water, libitum and standard chow pellets. The rats

were acclimatized to laboratory condition for 1 day prior to

experiments without any access to food. The experimental

processes including the protocols in this study were

approved by the Ethics Committee of the Research Centre

and in accordance with the recommendations of the Uni-

versity of Malaya; Council on Animal Care Guidelines for

the proper care and use of laboratory animals (Ethic no.

2015-09-11/BMS/R/MAA).

Study design and experimental procedure

Eighteen female rats were divided into three equal groups,

namely, the control group was administrated orally with 5

ml 10% Tween 20, and the tested groups were adminis-

trated with low dose (100mg/kg; LD) and high dose (200

mg/kg dose; HD) of CNBP, respectively. The animals were

accessed to food but not water overnight and at the end of

the fasting period, it was followed by testing toxicity of the

compound at 30min, 2, 4, 24 and 48 h after the adminis-

tration. The rats’ behavior changes were monitored and

the rates of mortality were recorded after 14 days [20, 21].

The testing animals were then euthanized with ketamine

(30mg/kg) and xylazine (3mg/kg) and the blood samples

were collected via cardiac puncture for serum biochemistry

analyzing. The liver and kidney were used for the histo-

pathology and immunochemistry evaluation [22].

Gastric ulcer induction by ethanol

The rats were divided into five groups, six rats in each.

After an overnight fast (food but not water), normal and

ulcer control groups received 5 ml/kg of 10% Tween 20.

The reference group was given 20mg/kg omeprazole in

the volume of 5 ml/kg, and the experimental groups

were administrated with low and high doses of CNBP

(10 and 20 mg/kg). All the treatments were fed to the

rats via oral gavage. After 1 h, in order to induce stom-

ach injury, the other five groups, except the normal

group were exposed to oral gavage of absolute alcohol.

After additional hour, the rats were sacrificed followed

by removing their stomachs, immediately for carrying

out the further tests [21, 23].

Assessment of gastric fluid acidity

The stomachs were opened along the greater curvature

and the juices were collected in the separate labeled

tubes. The contents of each stomach was centrifuged at

3000 rpm for 10 min and the supernatant was assessed

for pH measurement via digital pH meter titration, using

0.1 NaOH solution [24].

Determination of gastric wall mucus (GWM)

Stomach epithelia’s mucus assay was carried out accord-

ing to the method conducted by Corne et al. [25]. The

glandular segments of each stomach were removed,

weighed, and transferred immediately to 10 ml of 0.1%

w/v Alcian blue solution containing 0.16M sucrose solu-

tion buffered with sodium acetate (0.05M pH 5) for 2 h

immersion. The excess dye in each segment was re-

moved using 10ml of 0.25M of sucrose and the rest was

washed out by 10ml of 0.5M of magnesium chloride for

30 min. The remained tissue was removed and mixed up

with 4ml ethyl ether and was shaken for 2 min, centri-

fuged at 3000 rpm for 10min. The absorbance of the

supernatant was measured at 598 nm. The exact amount

of Alcian blue which was extracted of the glandular

stomach tissues were calculated via the formula which

was suggested by Piper [20].

Fig. 1 Synthesis of the Schiff base (2)
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Measurement of the ulcer area

The length and width (mm) of each hemorrhagic lesion

were measured using a pelanimeter (10 × 10mm2 = ulcer

area) individually under a dissecting microscope with a

magnification of 1.8x. The sum of the area of the lesions

for every stomach was used to calculate the ulcer area

(UA) [26]. The UI was calculated using the following

formula [27]:

UI%ð Þ ¼ UA of negative control� UA of treatedð Þ½ =UA of negative control�
�100UI ¼ Ulcer Inhibition

Antioxidant activity

Gastric homogenate preparation

Tissue homogenization was carried out according to a

study conducted by Sidahmad et al. [28]. A small piece

of glandular segments of each stomach was homoge-

nized by ice-cold 50 mM PBS (4 °C pH 7.2), containing

mammalian protease inhibitor cocktail, using Teflon

homogenizer (Polytron, Heidolph RZR 1, Germany)

following by centrifuging the resulting tissues (15 min,

4500 rpm).

Measurement of stomach’s protein concentration

Protein concentration measurements was carried out for

the homogenate stomach tissues (1 mg/ml) using Biuret

reaction [29].

Superoxide dismutase (SOD) activity assay

The activity of gastric SOD was evaluated using Super-

oxide Dismutase Assay kit from Cayman Chemicals

(USA). This assay was carried out based on the instruction

provided by the manufacturer. SOD activity was expressed

as U/ml, where one unit is defined as the amount of en-

zyme needed to exhibit 50% dismutation of the superoxide

radicals.10 μl of the sample was mixed with 200 μl of

diluted radical detector in 96-well plate and the reaction

was started by adding 20 μl of diluted xanthine oxidase

and after 20min of incubation, the absorbance was read at

440–460 nm.

Catalase (CAT) activity assay

The activity of the gastric’s CAT was evaluated using the

Catalase Assay kit from Cayman Chemicals. 20 μl of the

samples was mixed with 20 μl of catalase followed by

addition of 20 μl of dilute hydrogen perioxide to start the

reaction. After 20min incubation, the reaction was

Fig. 3 Comparison of the FRAP value of CNBP with the synthetic reference standard (ascorbic acid and gallic acid). The data are in triplicate and

represented as the mean ± SEM. Significant differences are considered as ***P < 0.001. (# with ascorbic acid and $ with gallic acid)

Fig. 2 Comparison of the effect of CNBP compound on fibroblast cell viability. The data (in triplicate) are represented as the mean ± SEM. **p <

0.01 with the untreated cells (control)
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terminated by adding 30 μl of diluted potassium hydroxide

at room temperature for 10min. 10 μl of catalase potas-

sium periodate was added to the samples and left for an-

other 5min incubation, before reading the absorbance at

540 nm. The base of the assay is the reaction of CAT with

methanol leading to production of H2O2 formaldehyde

which is measured colorimetrically using 4-amino-

3-hydrazino-5-mercapto-1, 2, 4-triazol (purpald) as the

chromogen. CAT activity was expressed in nmol/min/ml,

which one of the units is defined as the amount of enzyme

that causes formation of 1.0 nmol of formaldehyde at 25 °

C per min.

Membrane lipids peroxidation (MDA) level assessment

Malondialdehyde (TBARS) Assay kit from Cayman was

used to measure MDA levels (mmol/g protein). 100 μl

was pipetted from each sample and mixed with 100 μl of

SDS solution and 4ml of the color reagent. The samples

were kept in a water bath at 100 °C for 1 h, followed by

immediate transferring to ice bath to halt the reaction

for 10 min. It was then centrifuged at 1600×g and 4 °C

and the absorbance was read at 532 nm.

Prostaglandin E2 (PGE2) level assay

The level of gastric PGE2 was assayed using Prostaglandin

Immunoassay kit (Uscn Life Science, China). The PGE2
was measured in pre-coated 96-well plate with the anti-

body which was specific for rat’s PGE2. The gastric PGE2
level was interpolated from the standard curve of the seri-

ally diluted stock solution (300 pg/ml) and the absorbance

was read at 450 nm.

Histology of gastric epithelium

Routine hematoxylin and eosin staining

Specimens of the stomach’s walls were fixed in 10%

phosphate buffered formalin at room temperature and

then processed in tissue-processing machine (dehydra-

tion, clearance and infiltration with paraffin) (Leica,

Germany), followed by paraffin-embedded. The stomach

tissues were sectioned at thickness of 5 μ, and then

stained with hematoxylin and eosin for histological

evaluation [30].

Evaluation of gastric mucosal glycoproteins

To observe gastric epithelial mucus secretion and also to

evaluate alteration in either acidic or basic glycoproteins,

the sections of the stomach’s walls (glandular portion)

were stained with Periodic Schiff Base (PAS) stain [31].

Evaluation of immunohistochemically stain of HSP70

Immunostaining of heat shock protein HSP70 protein

was done according to the manufacturer’s protocol

instruction of Dako kits (Dako Cyomation, USA).

Experimental outcomes

It is found that CNBP shows antioxidant activity via

FRAP test. The ulcer group has shown huge shallow

hemorrhagic injury of gastric glandular mucosa com-

pared to those animals which were pre-fed with CNBP.

Histological analysis illustrated stomach epithelial defense

effect of CNBP because of it’s remarkable decline of gas-

tric ulceration, edema and leucocytes penetration of

submucosal stratum. Immunostaining exhibited over-

expression of HSP70 in CNBP-treated groups. Also,

Table 2 Effects of 100 mg/kg and 200 mg/kg of CNBP on Liver functions of SD rats (n = 6)

Animal groups Liver function test

Total protein (g/
l)

Albumin (g/
l)

Globulin (g/
l)

TB (μM/l) CB (μM/l) AP (IU/l) ALT (IU/l) AST (IU/L) GGT (IU/
L)

Control (10% Tween
20)

60.33 ± 0.27 40.33 ± 0.27 22.00 ± .0.47 1.83 ±
0.14

0.90 ±
0.15

119.00 ±
2.94

53.67 ±
1.19

126.67 ±
2.13

1.00 ±
0.00

CNBP(100mg/kg) 59.33 ± 0.72 37.33 ± 0.54 22.00 ± 0.47 2.00 ±
0.00

0.95 ±
0.19

137.67 ±
0.27

54.67 ±
1.09

122.33 ±
3.60

1.67 ±
0.02

CNBP(200mg/kg) 60.33 ± 1.36 38.67 ± 1.19 21.67 ± 0.54 2.00 ±
0.00

0.89 ±
0.21

143.00 ±
3.68

68.33 ±
3.31

151.00 ±
0.82

1.67 ±
0.27

TB Total bilirubin, CB Conjugated bilirubin, AP Alkaline phosphatase, ALT Alanine transaminase, AST Aspartate transaminase, GGT G-Glutaml transferase

Table 1 Effects of 100 mg/kg and 200 mg/kg of CNBP on Renal functions of SD rats (n = 6)

Animals group Renal function test

Sodium (mM/l) Pottasium (mM/l) Chloride (mM/l) CO2 (mM/l) Anion (mM/l) Urea (mM/l) Creatinine (μM/L)

Control (10% Tween 20) 144.33 ± 0.27 4.43 ± 0.10 104.33 ± 0.27 24.00 ± 0.47 17.67 ± 0.54 6.73 ± 0.30 34.33 ± 0.54

CNBP(100mg/kg) 141.67 ± 0.54 5.10 ± 0.33 104.67 ± 1.52 27.67 ± 1.09 14.33 ± 1.36 7.30 ± 0.29 38.67 ± 0.72

CNBP (200mg/kg) 141.00 ± 0.47 5.63 ± 0.19 103.33 ± 0.98 28.33 ± 1.09 15.67 ± 0.27 6.50 ± 0.60 36.33 ± 1.91

Saremi et al. BMC Pharmacology and Toxicology           (2019) 20:13 Page 5 of 13



gastric protein indicated low levels of MDA and PGE2 and

high activity of SOD and CAT.

Statistical methods

All data are accessible as mean ± SEM. Differences

among the experimental groups were determined by

one-way ANOVA followed by Tukey’s post-hoc test for

multiple comparisons using SPSS version 24. Values of

p < 0.05 were considered as significant.

Results

CNBP has no cytotoxicity effect

The MTT assay was done to find out cytotoxicity effect

of CNBP prior it’s evaluation of gastro protective activity

on human cell lines. The effect of CNBP on fibroblast

cell proliferation is depicted in Fig. 2. It was noticed that

the cell viability was enhanced after treatment with

CNBP which shows that it could affect the proliferation

on the fibroblast skin cell. The threshold concentration

for significant increase of cell proliferation was noticed

at 6.2–12.5 μg/ml.

Antioxidant properties of CNBP evaluated by FRAP assay

Power of CNBP in reducing ferric tripyridyl (Fe+ 3) to

ferrous form (Fe+ 2), was found to be significant (Fig. 3).

However, it’s FRAP value (628.8 ± 19.33 μmol Fe (II)/g),

in comparison with ascorbic acid (973.7 ± 3.48 μmol Fe

(II)/g) and gallic acid (2373.8 ± 84.70 μmol Fe (II)/g, is

significantly lower.

Evaluation of acute toxicity

The effect of CNBP on renal or liver function and lipids

profiles of the rats is listed in Tables 1, 2, 3. The treated

animals showed neither mortality nor signs of toxicity

which was tested via renal, liver functions changes and

lipids profiles analysis compared to the vehicle group. In

addition, there were no histological changes in liver and

kidney sections of all the groups during the time of ex-

periment (Fig. 4).

Effect of CNBP on the pH of gastric secretion and gastric

wall mucus

Based on the method of in vivo confocal microscopy, it

was initially necessary to make sure the stability of the ani-

mal preparation. Body temperature was measured with

rectal thermistor probe in another series of nine animals

before (36.0 ± 0.5 °C) and after (35.7 ± 0.2 °C) 3 to 4 h on

the confocal stage. Both measurements indicated that the

surgical preparation was stable. The pH values were found

to be significantly (P < 0.05 and P < 0.001) higher in the

treated groups (n = 6) when compared to that of the ulcer

group (Fig. 5). Pre-feeding of the treated rats with CNBP

Fig. 4 Histological sections of kidney and liver (First & second row, respectively) (n = 6). a Vehicle control (10% Tween 20), b treated with CNBP

(100 mg/kg) and c CNBP (200 mg/kg). No structural dissimilarity was detected among the treated and control group

Table 3 Effects of 100 mg/kg and 200 mg/kg of CNBP on Lipids profiles of SD rats (n = 6)

Animal groups Lipid profile analysis

Triglyceride (mM/l) Total cholesterol (mM/l) HDL Cholesterol (mM/l) LDL Cholesterol (mM/l)

Control (10% Tween 20) 0.40 ± 0.00 1.27 ± 0.07 0.40 ± 0.01 0.52 ± 0.04

CNBP(100mg/kg) 0.30 ± 0.00 1.34 ± 0.05 0.46 ± 0.01 0.86 ± 0.04

CNBP(200mg/kg) 0.33 ± 0.03 1.30 ± 0.09 0.41 ± 0.04 0.75 ± 0.05

The values are listed as mean ± S.E.M (n = 6). There were no significant differences (P < 0.05) between the groups
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(HD) (n = 6), significantly increased GWM compared with

that of the ulcerated group (n = 6) (Fig. 5).

Effect of CNBP on stomach mucosa

Gross features of those stomachs which were treated

with CNBP (HD) (n = 6) showed significant reduction of

acute ulcerated reddish and inflamed bands compared to

the ulcer group (n = 6) which was confirmed by the ulcer

area and % inhibition measurements (Fig. 6). Although

Fig. 7 shows that pre-fed groups with LD (n = 6) and HD

(n = 6) of CNBP could clear the lower ulcer area com-

pared to the reference group (n = 6), they, significantly

reduce in the ulcer area and % inhibition compared to

that of the ulcerated class (n = 6).

Protein concentration in gastric homogenate

Pre-feeding of the animals with CNBP (n = 6) notably

increased protein level of gastric homogenate in com-

parison with that of the ulcer control class (n = 6)

(Table 4).

Gastric antioxidant activity

Ulcerated stomachs exhibited significant suppression in

the endogenous antioxidant enzymes (SOD and CAT).

In addition, the stomachs of the animal which were

pre-fed with CNBP (n = 6), significantly enhanced the ac-

tivities of SOD and CAT enzymes in comparison with

the ulcer control class (n = 6) (Table 4). Based on the ref-

erence control group (n = 6) which were pre-fed with

omeprazole (n = 6), either the low or high dose of CNBP

showed low protein content of SOD and CAT (p < 0.05).

MDA and PGE2 levels of gastric tissue homogenate

The animals which were pre-fed with CNBP (HD) (n =

6) showed significant attenuation in the gastric MDA

level compared to the ulcer control group (n = 6) which

were given absolute ethanol only. However, the gastric

level of PGE2 indicated higher value in CNBP

(HD)-pre-fed rats (n = 6) than that of the ulcer control

(Table 4).

Fig. 6 Effect of CNBP on gross images of absolute ethanol-provoked gastric injury in rats (n = 6). a Normal control gastric epithelium (10% Tween

20). b Ulcerated control (absolute ethanol) which exhibits extraordinary acute haemorrhagic ulceration (black arrow). c Reference control

(omeprazole, 20 mg/kg) indicates mild injury, d & e Stomachs pre-fed with low dose of CNBP (LD) and high dose (HD), respectively show obvious

reduction in the gastric lesions

Fig. 5 Effect of CNBP on the pH and GWM. Data are presented as Mean ± S.E.M (n = 6). Significant differences are considered as *P < 0.05 and

***P < 0.001. Reference group received 20 mg/kg omeprazole, low dose (LD) CNBP and high dose (HD) of CNBP
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Effect of CNBP on histological evaluation of gastric

lesions

H & E staining

In the ulcer control group (n = 6), stomach wall showed

drastic destruction of gastric mucosal surface with sub-

mucosal edema and significant inflammation. Those rats

which were pre-fed with CNBP (HD) (n = 6) indicated

remarkable gastric mucosal protection (Fig. 8).

PAS staining

Those rats which were pre-fed with CNBP (HD) (n = 6),

showed drastic intense up-take of magenta color by the

gastric epithelial glycoproteins. (n = 6) (Fig. 9).

Effect of CNBP on immunohistochemically staining of

gastric mucosal HSP70

The immunostaining of the gastric mucosa of the ulcer

control group (n = 6), showed down-regulation of HSP70

protein. In the tested group, which was fed with CNBP

(HD) (n = 6), showed up-regulation of HSP70 protein in

their stomach tissues (Fig. 10).

Discussions

It was found that absolute ethanol could cause nu-

merous adverse effects on epithelial cells, such as in-

jury, which leads to depletion in various protein

concentration [32]. Mucus membrane is known as the

first layer of defense system in stomach tissues; there-

fore, when alcohol destroys it, variable irreparable

losses are developed. Gastric mucosa as a barrier

doesn’t permit digestion of enzymes, such as pepsin

to diffuse into stomach wall [21]. Basically, mucus gel

possess very low permeability to large molecules, such

as pepsin, but some factors, like stress, alcohol, etc.

can increase permeability which cause release of vaso-

active products and finally vascular damages. Dam-

aging vascular leads to necrotizing action in gastric

cells, and as a result imbalances secretion of bicar-

bonate and production of mucus [23]. Furthermore, it

is believed that generation of ROS caused by ethanol

has significant role in ulcer formation [33].

Previous studies suggested close correlation between

suppression of gastric acidity and effectiveness of

Table 4 Effect of the CNBP on the stomach homogenate endogenous antioxidant enzymes activities and, MDA and PGE2 levels,

and protein concentration (n = 3)

Animal groups SOD CAT MDA PGE2 Protein concentration

(U/mg protein) (nmoL/min/mL protein) (μmoL/g protein) (ng/mg protein) (mg/mL tissue)

10% Tween 20 (Normal control) 17.15 ± 0.90***

(p-value < 0.001)
82.51 ± 2.17***

(p-value < 0.001)
62.31 ± 2.90***

(p-value < 0.001)
3.08 ± 0.11***

(p-value < 0.001)
9.00 ± 0.11***

(p-value < 0.001)

Absolute EtOH (Ulcer control) 4.04 ± 0.33 18.70 ± 0.71 146.80 ± 3.53 1.01 ± 0.03 5.12 ± 0.40

Omeprazole (20 mg/kg) 20.07 ± 0.50***

(p-value < 0.001)
100.34 ± 0.56***

(p-value < 0.001)
82.64 ± 3.52***

(p-value < 0.001)
2.95 ± 0.06***

(p-value < 0.001)
7.71 ± 0.88**

(p-value = 0.003)

CNBP (LD) 12.22 ± 0.58***

(p-value < 0.001)
42.45 ± 2.48*

(p-value = 0.04)
112.48 ± 7.47*

(p-value = 0.04)
2.59 ± 0.24***

(p-value < 0.001)
6.03 ± 0.17
(p-value = 0.06)

CNBP (HD) 19.12 ± 1.14***

(p-value < 0.001)
68.30 ± 2.88***

(p-value < 0.001)
101.01 ± 7.67**

(p-value = 0.002)
2.88 ± 0.15* **

(p-value < 0.001)
6.72 ± 0.15*

(p-value = 0.04)

All values (in triplicate) are expressed as the mean ± SEM. significant at * p < 0.05, ** p < 0.01, and *** p < 0.001 compared to ulcerated group

Fig. 7 The ulcer area of CNBP. Significant differences are considered as ***P < 0.001 (n = 6). The rats which are pre-fed with CNBP significantly

decreased the ulcer area when compared to ulcer control group. % ulcer inhibition of the reference and experimental groups are indicated

above the bars
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treatment. Ability to attenuate gastric acid secretion

is considered as mainstay of treatment for gastric ul-

ceration [34]. It is well known that proton pump in-

hibitors drugs, such as omeprazole decreases the

extra volume of acid which is produced in stomach.

Such drugs are effective in acid-independent models,

like ethanol-ulcer, exert mucosal protection and in

non-anti-secretory doses [35]. Also, it is suggested

that antioxidants, contain the ability of antigasteric

ulcer [8, 16].

In the current study, pre-treatment with CNBP

enhanced the generation of epithelial cells which gave

rise to significant increase in protein concentration in

the gastric secretions of the pre-treated groups.

Based on the previous studies, human fibroblast can

be used for measuring the toxicity of compounds. In

Fig. 9 Effects of CNBP on PAS staining of gastric glycoproteins secretion of in ethanol-provoked stomach damage in rats (n = 6). a Normal control

class indicating normal magenta color (black arrow) of gastric mucus glands. b Absence of PAS staining from the mucosa of ulcer control class

exhibiting severe mucosal injuries. c Reference animals exhibiting intense PAS stain. d & e Tested groups were fed with the low dose (10 mg/kg)

and high dose (20 mg/kg) of CNBP, respectively exhibited intense up-take of PAS stain. The high dose of CNBP is showing more intense PAS

staining than the low dose (d)

Fig. 8 Effect of the CNBP on the histology of gastric epithelium in ethanol-provoked gastric mucosal damage in rats (n = 6). a Normal control

rats. b Ulcer control stomach presenting severe mucosal injury (yellow arrow) along with deep necrosis (blue arrow), edema and inflammation of

submucosal layer (black arrow). c Reference control stomach (omeprazole, 20 mg/kg) presenting mild mucosal injury. d & e experimental animals’

stomachs pre-fed with CNBP showing reduced mucosal damage, while the high dose of CNBP (e) showing better gastroprotective effect than

the low dose (d)
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addition, this type of cell is studied when a new com-

pound is supposed to be evaluated for its wound healing

process [36, 37]. The acute toxicity properties of CNBP

which was evaluated by MTT assay fibroblast cells

(BJ-5ta) did not confirm any toxicity or mortality in the

rats during the experiments. The test confirmed that

CNBP is safe without toxicity when it was orally admin-

istered (100 and 200 mg/kg). Meanwhile, the FRAP assay

indicated antioxidant activity of the testing compound in

comparison with the controls (ascorbic acid and gallic

acid). It is reported that certain antiulcer drugs increase

amount of gastric mucus secretion in gastric mucus

[27]. CNBP showed significant anti-ulcer activity in the

rats, including contraction of the ulcer area, increment

of pH and mucus weight, decrement of sub-mucosal

edema and leukocyte infiltration. The outcomes of the

present study were in accordance with some other stud-

ies which assessed the gastroprotective and anti-ulcer

activity of different synthetic compounds [38, 39].

Pre-treatment with CNBP, significantly suppressed gas-

tric acidity and also suppress the destruction of GWM

in the rats treated with ethanol, indicating that the gas-

tro protective effect of CNBP was mediated partially by

preservation of the gastric wall mucus. Balance perturb-

ation between gastro-protective mechanisms and gastro-

toxicity of different agents is the basis of acute

inflammation which could cause secretion of various

inflammatory cytokines [40]. It is reported that acute in-

flammation induced by ethanol is accompanied by

neutrophils infiltration of gastric wall mucus [21]. The

current results demonstrated that submucosal infiltra-

tion was effectively suppressed by pre-treatment of the

rats with CNBP compound. An extensive generation of

ROS and free radicals cause metabolic impairments and

irreversible cell damages in human body [41]. Gastric

mucosal protection, inhibition of edema and inflamma-

tory reactions of submucosal layer in the rats pre-treated

with CNBP compound compared to the ulcer control

group were reasserted by re-evaluation of the gastric

tissues histologically [42].

Pre-treatment with CNBP, significantly increased the

gastric mucus production and decreased the acidity of

gastric content. The periodic acid-Schiff PAS staining re-

sults showed increase of the mucus production in the

gastric walls of the rats pre-treated with CNBP which

suggests the gastro-protective activity of the compound

might be potentiality due to preservation of mucus

secretion. These results were in agreement with several

other studies that showed significant increase of gastric

mucus in rats which were pre-treated with various

synthetic compounds against necrotizing agent-induced

gastric mucosal wounds [43].

ROS, such as superoxide radical anion is generated by

neutrophils resulting in the reaction with cellular lipids

and the production of lipid peroxides. Another effective

indicator of oxidative stress which causes mucosal injur-

ies could be MDA which is a major metabolite of lipid

peroxidation [44]. Based on the study which was done

by Hawkey & Rampton [45], PGE2 also plays a key role

in regulation of gastric mucus secretion, hence, PGE2
possesses protective effects on different gastric injury in

animal models studies [46]. It was reported that ethanol

could decrease the content of mucosal PGE2 [47] exert-

ing a protective action on the stomach through the

Fig. 10 Effect of the CNBP on the expression of HSP70 protein of gastric mucosa in ethanol-induced stomach ulcer in rodents (n = 6). a Normal

control group. b Ulcer control group expressed less HSP70 protein (yellow arrow). c Reference group demonstrated obvious up-regulation of

HSP70 protein. d & e Tested groups pre-fed with CNBP (LD & HD) are exposing expression of HSP70 protein in the high dose group more

effective than the low dose group
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activation of PGE2 receptors [48]. In addition, the mucosal

level of PGE2 was increased in the experimental groups

compared to the ulcer control class. Such enhancement in

level of PGE2, suggests gastroprotective effect of CNBP

which could be mediated, partially by PGE2.

Based on the current study, the oral administration of

CNBP could protect against gastric ulceration by elevating

SOD and CAT activities, and decreasing MDA and PGE2
levels. The results of this study are almost in line with the

results which were reported by several researchers regard-

ing that SOD and CAT activities were increased in

synthetic compound-treated groups in comparison with

ethanol-treated animals [42, 49, 50]. In addition, reduction

in MDA levels were reported in the treated rats with sev-

eral compounds, such as 3-(2-Chlorophenyl)-1-phenyl--

propenone and Zn(II)–curcumin complex [51, 52]. It is

reported that ROS, such as hydroxyl radicals, superoxide

anions, and lipid peroxides are harmful species which is

known to provoke gastric ulcer development [53]. Free

radical ultimately causes depletion in tissue antioxidant

status leading to lipid peroxidation. Hence, antioxidants

scavenge free radical formation which play major role in

protection of cellular damage. Treatment with CNBP en-

hanced the antioxidant enzymes levels/activities compared

to the ulcer group preventing free radical generation

which could happen during ulcer development.

Hsp70 is a 70 kDa protein belonging to heat shock pro-

tein family which is abundantly produced in response to

various forms of stress, such as toxic agents, oxidative

stress, infection and heat shock [54]. Moreover, such fam-

ily are responsible to protect cellular homeostatic pro-

cesses from environmental and physiologic injuries via

preserving structure of normal proteins [39]. It is well

known that ethanol-triggered generation of ROS could

suppress Hsp70 expression and intensifies oxidative

damages [16]. Several in parallel studies exhibited that

up-regulation of HSP70 protein in rats treated with

various effective synthetic or natural compounds indicated

protection of gastric mucosa against induced injuries by

ethanol [21, 42, 55, 56]. Also our findings showed that

administration of CNBP in the rats, induced significant

up-regulation of Hsp70 protein levels in both reference

and test groups (CNBP). Therefore, the up-regulation of

HSP70 that was observed in the current study, suggested

that the CNBP protected the gastric tissues via up-

regulation of HSP70. Additionally, HSP70 are suggested

to exert its cytoprotective activity through protecting

mitochondria and interfering with stress-induced

apoptotic program.

Conclusions

The present study elucidated the anti-ulcer effect of

CNBP against ethanol-induced gastric lesions. Acute

toxicity test did not show any mortality or obvious sign

of CNBP. The gastroprotective mechanism of CNBP

might be suggested via increasing SOD, CAT activities,

which in turn suppressed gastric acidity and prevented

destruction of gastric mucus wall. Also there was

notable reduction in MDA and PGE2 levels upon intake

of the CNBP. In histological analysis, decrease of

hemorrhagic mucosal region in gastric wall together

with reduction or inhibition of edema and leukocytes

infiltration of sub-mucosal layers was also observed. PAS

staining reduction induced by ethanol was reversely in-

creased by CNBP pre-treatment and also caused an

increase in glycoprotein content. Immunohistochemistry

analysis of gastric homogenate elicited critical role of

Hsp70 up-regulation. The present study provided histo-

logical evidences on gastroprotective property of CNBP

and also suggested that the compound could preserve of

gastric mucus secretion and enhance antioxidant

activities of CAT, SOD.

Abbreviations

ALT: Alanine transaminase; AP: Alkaline phosphatase; AST: Aspartate transaminase;

CAT: Catalase; CB: Conjugated bilirubin; CNBP: 2, 2′-[1, 2-cyclohexanediylbis

(nitriloethylidyne)]bis(4-bromophenol); FRAP: Ferric reducing antioxidant power;

GGT: G-Glutaml transferase GGT; GWM: Gastric wall mucus; HSP70: Heat shock
proteins 70; MDA: Malondialdehyde; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide; PGE2: Prostaglandins E2; SD: Sprague Dawley;

SOD: Superoxide dismutase; TB: Total bilirubin

Acknowledgments

The authors would like to thank the University of Malaya for providing grant

funding to conduct this study.

Funding

The authors would like to thank the University of Malaya for financial support IPPP

grant number (PG074-2015B) and providing grant funding to conduct this study.

Availability of data and materials

All data and materials have been available and support our findings.

Authors’ contributions

Acquisition of data: KS and SKR. Analysis and interpretation of data: KS. Drafting

of manuscript: KS, SKR and FT. Critical revision: HK, NB and MAA. All authors
contributed toward data analysis, drafting and critically revising the paper, and

agree to be accountable for all aspects of the work. The publisher has permission

to publish the author(s) work based on the all authors’ approval for final

manuscript.

Ethics approval and consent to participate

The experimental processes including the protocols in this study were approved

by the Ethics Committee of the Research Centre and in accordance with the

recommendations of the University of Malaya; Council on Animal Care
Guidelines for the proper care and use of laboratory animals (Ethic no. 2015-09-

11/BMS/R/MAA).

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published

maps and institutional affiliations.

Saremi et al. BMC Pharmacology and Toxicology           (2019) 20:13 Page 11 of 13



Author details
1Institute of Biological Science, Faculty of Science, University of Malaya,

50603 Kuala Lumpur, Malaysia. 2Department of Molecular Medicine, Faculty

of Medicine, University of Malaya, 50603 Kuala Lumpur, Malaysia.
3Department of Biomedical Science, Faculty of Medicine, University of
Malaya, 50603 Kuala Lumpur, Malaysia. 4School of Medicine, Faculty of Health

& Medical Sciences, Taylor’s University, 47500 Subang Jaya, Malaysia.

Received: 28 August 2018 Accepted: 8 February 2019

References

1. Sunil K, Amandeep K, Robin S, Ramica S. Peptic Ulcer: A Review on Etiologi

and Pathogenesis. Int Res J Pharm. 2012;3(6):34–8.

2. Abood WN, Abdulla MA, Ismail S. Involvement of inflammatory mediators in

the gastroprotective action of Phaleria macrocarpa against ethanol-induced
gastric ulcer. World Appl Sci J. 2014;30:344–50.

3. 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.

4. Munawar KS, Haroon SM, Hussain SA, Raza H. Schiff Bases: Multipurpose

Pharmacophores with Extensive Biological Applications. J Basic Appl Sci.

2018;14:217–29.

5. Ashraf MA, Mahmood K, Wajid A, Maah MJ, Yusoff I. Synthesis,

characterization and biological activity of Schiff bases. IPCBEE. 2011;10:1–7.

6. Uneyama K. Organofluorine chemistry: Wiley; 2008.

7. Hegedus LS. Transition metals in the synthesis of complex organic

molecules: University Science Books; 1999.

8. Golbabapour S, Gwaram NS, Hassandarvish P, Hajrezaie M, Kamalidehghan
B, Abdulla MA, et al. Gastroprotection studies of Schiff base zinc (II)

derivative complex against acute superficial hemorrhagic mucosal lesions in

rats. PLoS One. 2013;8(9):e75036.

9. Plech T, Wujec M, Siwek A, Kosikowska U, Malm A. Synthesis and

antimicrobial activity of thiosemicarbazides, s-triazoles and their Mannich

bases bearing 3-chlorophenyl moiety. Eur J Med Chem. 2011;46(1):241–8.

10. Plech T, Wujec M, Majewska M, Kosikowska U, Malm A. Microbiologically
active Mannich bases derived from 1, 2, 4-triazoles. The effect of C-5

substituent on antibacterial activity. Med Chem Res. 2013;22(5):2531–7.

11. Silva C, Silva DL, Modolo L, Alves R, Resende M, Martins C, et al. Schiff bases:

A short review of their antimicrobial activities. J Adv Res. 2011;2(1):1–8.

12. Salga MS, Ali HM, Abdulla MA, Abdelwahab SI, ElhassanTaha MM, Yagoub U.

Synthesis and gastroprotective activities of some zinc (II) complexes derived

from (E)-2-(1-(2-(piperazin-1-yl) ethylimino) ethyl) phenol and (E)-4-(1-(2-
(piperazin-1-yl) ethylimino) ethyl) benzene-1, 3-diol Schiff bases against

aspirin induced ulceration. Arab J Chem. 2017;10:S1578–S89.

13. Batra C, Chawla HKA. Synthesis, Characterization and Biological Evaluation of

Quinazolinone substiuted Benzothiazole via Schiff Base for Antioxidant

Activity. Glob J Pharm Educ Res. 2018;3(1-2).

14. Murtaza S, Akhtar MS, Kanwal F, Abbas A, Ashiq S, Shamim S. Synthesis and

biological evaluation of schiff bases of 4-aminophenazone as an anti-
inflammatory, analgesic and antipyretic agent. J Saudi Chem Soc. 2017;21:

S359–S72.

15. Faghih Z, Neshat A, Wojtczak A, Faghih Z, Mohammadi Z, Varestan S.

Palladium (II) complexes based on Schiff base ligands derived from ortho-

vanillin; synthesis, characterization and cytotoxic studies. Inorg Chim Acta.
2018;471:404–12.

16. Hajrezaie M, Golbabapour S, Hassandarvish P, Gwaram NS, Hadi AHA, Ali
HM, et al. Acute toxicity and gastroprotection studies of a new schiff base

derived copper (II) complex against ethanol-induced acute gastric lesions in

rats. PLoS One. 2012;7(12):e51537.

17. Obembe AO, Ofutet EO, Antai AB, Osim EE. Gastric ulceration: the role of

thermoxidized palm oil. Nutr Food Sci. 2016;46(1):108–19.

18. Moore M, Sohler T, Alexander L. Bromide Intoxication. pp 1–13. Stereotact
Funct Neurosurg. 1940;3(1-2):1–13.

19. Yaul A, Pethe G, Deshmukh R, Aswar A. Vanadium complexes with
quadridentate Schiff bases. J Therm Anal Calorim. 2013;113(2):745–52.

20. Mahmood A, Fouad A-B, Noor S, Wasman S, Hussain SF. Anti-ulcerogenic

effects of Nagilla sativa in ethanol-induced gastric injuries in rats. J Med

Plant Res. 2011;5(23):5577–83.

21. AlRashdi AS, Salama SM, Alkiyumi SS, Abdulla MA, Hadi AHA, Abdelwahab

SI, et al. Mechanisms of gastroprotective effects of ethanolic leaf extract of

Jasminum sambac against HCl/ethanol-induced gastric mucosal injury in
rats. Evid Based Complement Alternat Med. 2012;2012.

22. Shakir RM, Ariffin A, Abdulla MA. Synthesis of new 2, 5-di-substituted 1, 3, 4-

oxadiazoles bearing 2, 6-di-tert-butylphenol moieties and evaluation of their
antioxidant activity. Molecules. 2014;19(3):3436–49.

23. Marhuenda E, Martin M, Alarcon Lastra CDL. Antiulcerogenic activity of

aescine in different experimental models. Phytother Res. 1993;7(1):13–6.

24. Ketuly KA, Abdulla MA, Hadi HA, Mariod AA, Abdel-Wahab SI. Anti-ulcer

activity of the 9alpha-bromo analogue of Beclomethasone dipropionate

against ethanol-induced gastric mucosal injury in rats. J Med Plant Res.
2011;5(4):514–20.

25. Corne S. A method for quantitative estimation of gastric barrier mucus. J

Physiol Lond. 1974;242:1169–79.

26. Bardi D, Khan MS, Sabri S, Kadir F, Mahmood A, Zahra A, et al. Anti-

ulcerogenic activity of Typhonium flagelliforme aqueous leaf extract against

ethanol-induced gastric mucosal injury in rats. Sci Res Essays. 2011;6(15):

3232–9.

27. Robert A, Böttcher W, Golanska E, Kauffman GL. Lack of correlation between

mucus gel thickness and gastric cytoprotection in rats. Gastroenterology.

1984;86(4):670–4.

28. Sidahmed HM, Hashim NM, Amir J, Abdulla MA, Hadi AHA, Abdelwahab SI,

et al. Pyranocycloartobiloxanthone A, a novel gastroprotective compound

from Artocarpus obtusus Jarret, against ethanol-induced acute gastric ulcer
in vivo. Phytomedicine. 2013;20(10):834–43.

29. Gornall AG, Bardawill CJ, David MM. Determination of serum proteins by

means of the biuret reaction. J Biol Chem. 1949;177(2):751–66.

30. Abdulla M, Al-Bayaty F, Younis L, Hassan MA. Anti-ulcer activity of Centella

asiatica leaf extract against ethanol-induced gastric mucosal injury in rats. J

Med Plant Res. 2010;4(13):1253–9.

31. Nordin N, Salama SM, Golbabapour S, Hajrezaie M, Hassandarvish P,

Kamalidehghan B, et al. Anti-ulcerogenic effect of methanolic extracts from

Enicosanthellum pulchrum (King) Heusden against ethanol-induced acute

gastric lesion in animal models. PLoS One. 2014;9(11):e111925.

32. Kaunitz JD. Barrier function of gastric mucus. Keio J Med. 1999;48(2):63–8.

33. Kwiecien S, Brzozowski T, Konturek S. Effects of reactive oxygen species

action on gastric mucosa in various models of mucosal injury. J Physiol
Pharmacol. 2002;53(1):39–50.

34. Schubert ML, Peura DA. Control of gastric acid secretion in health and

disease. Gastroenterology. 2008;134(7):1842–60.

35. Pantoflickova D, Dorta G, Ravic M, Jornod P, Blum A. Acid inhibition on the

first day of dosing: comparison of four proton pump inhibitors. Aliment

Pharmacol Ther. 2003;17(12):1507–14.

36. Moniri M, Moghaddam AB, Azizi S, Rahim RA, Saad WZ, Navaderi M, et al.

Molecular study of wound healing after using biosynthesized BNC/Fe3O4

nanocomposites assisted with a bioinformatics approach. Int J
Nanomedicine. 2018;13:2955.

37. Dion MA. Wound Healing Effects of a Modified Collagen-Binding

Antimicrobial Peptide LL37; 2015. https://scholar.google.com/scholar?q=

Dion,+M.A.,+Wound+Healing+Effects+of+a+Modified+Collagen-Binding
+Antimicrobial+Peptide+LL37.+2015.+Worcester+Polytechnic+Institute.&hl=

en&as_sdt=0,5

38. Golbabapour S, Gwaram NS, Al-Obaidi MMJ, Soleimani A, Ali HM, Abdul
Majid N. Schiff base metal derivatives enhance the expression of HSP70 and

suppress BAX proteins in prevention of acute gastric lesion. Biomed Res Int.

2013;2013.

39. Golbabapour S, Hajrezaie M, Hassandarvish P, Abdul Majid N, Hadi AHA,

Nordin N, et al. Acute toxicity and gastroprotective role of M. pruriens in

ethanol-induced gastric mucosal injuries in rats. Biomed Res Int. 2013;2013.

40. Akanda MR, Kim I-S, Ahn D, Tae H-J, Nam H-H, Choo B-K, et al. Anti-

Inflammatory and Gastroprotective Roles of Rabdosia inflexa through

Downregulation of Pro-Inflammatory Cytokines and MAPK/NF-κB Signaling

Pathways. Int J Mol Sci. 2018;19(2):584.

41. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals

and antioxidants in normal physiological functions and human disease. Int J

Biochem Cell Biol. 2007;39(1):44–84.

42. Ketuly KA, Hadi AHA, Golbabapour S, Hajrezaie M, Hassandarvish P, Ali HM,

et al. Acute toxicity and gastroprotection studies with a newly synthesized

steroid. PLoS One. 2013;8(3):e59296.

43. Tarnawski A, Ahluwalia A, Jones K. M. Gastric cytoprotection beyond

prostaglandins: cellular and molecular mechanisms of gastroprotective and

ulcer healing actions of antacids. Curr Pharm Des. 2013;19(1):126–32.

Saremi et al. BMC Pharmacology and Toxicology           (2019) 20:13 Page 12 of 13

https://scholar.google.com/scholar?q=Dion,+M.A.,+Wound+Healing+Effects+of+a+Modified+Collagen-Binding+Antimicrobial+Peptide+LL37.+2015.+Worcester+Polytechnic+Institute.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Dion,+M.A.,+Wound+Healing+Effects+of+a+Modified+Collagen-Binding+Antimicrobial+Peptide+LL37.+2015.+Worcester+Polytechnic+Institute.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Dion,+M.A.,+Wound+Healing+Effects+of+a+Modified+Collagen-Binding+Antimicrobial+Peptide+LL37.+2015.+Worcester+Polytechnic+Institute.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Dion,+M.A.,+Wound+Healing+Effects+of+a+Modified+Collagen-Binding+Antimicrobial+Peptide+LL37.+2015.+Worcester+Polytechnic+Institute.&hl=en&as_sdt=0,5


44. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: properties, sources,
targets, and their implication in various diseases. Indian J Clin Biochem.

2015;30(1):11–26.

45. Hawkey C, Rampton D. Prostaglandins and the gastrointestinal mucosa: are

they important in its function, disease, or treatment? Gastroenterology.
1985;89(5):1162–88.

46. Brzozowski T, Konturek PC, Drozdowicz D, Konturek SJ, Zayachivska O, Pajdo

R, et al. Grapefruit-seed extract attenuates ethanol-and stress-induced

gastric lesions via activation of prostaglandin, nitric oxide and sensory nerve
pathways. World J Gastroenterol. 2005;11(41):6450.

47. Zhao W, Zhu F, Shen W, Fu A, Zheng L, Yan Z, et al. Protective effects of

DIDS against ethanol-induced gastric mucosal injury in rats. Acta Biochim

Biophys Sin. 2009;41(4):301–8.
48. Takeuchi K, Kato S, Tanaka A. Gastrointestinal protective action of

prostaglandin E2 and EP receptor subtypes. Gastrointestinal mucosal repair

and experimental therapeutics: 25: Karger Publishers; 2002. p. 227–42.

49. Salga MS, Ali HM, Abdulla MA, Abdelwahab SI. Acute oral toxicity
evaluations of some zinc (II) complexes derived from 1-(2-

Salicylaldiminoethyl) piperazine schiff bases in rats. Int J Mol Sci. 2012;13(2):

1393–404.

50. Halabi MF, Shakir RM, Bardi DA, Al-Wajeeh NS, Ablat A, Hassandarvish P, et
al. Gastroprotective activity of ethyl-4-[(3, 5-di-tert-butyl-2-

hydroxybenzylidene) amino] benzoate against ethanol-induced gastric

mucosal ulcer in rats. PLoS One. 2014;9(5):e95908.

51. Dhiyaaldeen SM, Alshawsh MA, Salama SM, Alwajeeh NS, Al Batran R, Ismail
S, et al. Potential activity of 3-(2-Chlorophenyl)-1-phenyl-propenonein

accelerating wound healing in rats. Biomed Res Int. 2014;2014.

52. Mei X, Xu D, Xu S, Zheng Y, Xu S. Novel role of Zn (II)–curcumin in

enhancing cell proliferation and adjusting proinflammatory cytokine-
mediated oxidative damage of ethanol-induced acute gastric ulcers. Chem

Biol Interact. 2012;197(1):31–9.

53. Lawrence L, Menon S, Vincent S, Sivaram VP, Padikkala J. Radical scavenging

and gastroprotective activity of methanolic extract of Gmelina arborea stem
bark. J Ayurveda Integr Med. 2016;7(2):78–82.

54. Benjamin IJ, McMillan DR. Stress (heat shock) proteins: molecular chaperones in

cardiovascular biology and disease. Circ Res. 1998;83(2):117–32.

55. 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

Complement Alternat Med. 2012;2012.

56. Sidahmed HMA, Azizan AHS, Mohan S, Abdulla MA, Abdelwahab SI, Taha
MME, et al. Gastroprotective effect of desmosdumotin C isolated from

Mitrella kentii against ethanol-induced gastric mucosal hemorrhage in rats:

possible involvement of glutathione, heat-shock protein-70, sulfhydryl

compounds, nitric oxide, and anti-Helicobacter pylori activity. BMC
Complement Altern Med. 2013;13(1):183.

Saremi et al. BMC Pharmacology and Toxicology           (2019) 20:13 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Objective

	Materials
	Drugs

	Methods
	Synthesis and characterizations of CNBP
	Cytotoxicity activity
	MTT cytotoxicity assay

	Ferric reducing antioxidant power (FRAP) test
	Experimental animals and ethical statement
	Study design and experimental procedure
	Gastric ulcer induction by ethanol
	Assessment of gastric fluid acidity
	Determination of gastric wall mucus (GWM)
	Measurement of the ulcer area
	Antioxidant activity
	Gastric homogenate preparation
	Measurement of stomach’s protein concentration
	Superoxide dismutase (SOD) activity assay
	Catalase (CAT) activity assay
	Membrane lipids peroxidation (MDA) level assessment
	Prostaglandin E2 (PGE2) level assay

	Histology of gastric epithelium
	Routine hematoxylin and eosin staining
	Evaluation of gastric mucosal glycoproteins

	Evaluation of immunohistochemically stain of HSP70

	Experimental outcomes
	Statistical methods
	Results
	CNBP has no cytotoxicity effect
	Antioxidant properties of CNBP evaluated by FRAP assay
	Evaluation of acute toxicity
	Effect of CNBP on the pH of gastric secretion and gastric wall mucus
	Effect of CNBP on stomach mucosa
	Protein concentration in gastric homogenate
	Gastric antioxidant activity
	MDA and PGE2 levels of gastric tissue homogenate
	Effect of CNBP on histological evaluation of gastric lesions
	H & E staining
	PAS staining

	Effect of CNBP on immunohistochemically staining of gastric mucosal HSP70

	Discussions
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

