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Abstract
A series of new 2-(ethylthio)benzohydrazone derivatives (1–6) were prepared and character-

ised by IR, 1H NMR, and 13C NMR spectroscopy and mass spectrometry. The newly pre-

pared compounds were screened for their in vitro antioxidant activities using free radical

scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power

(FRAP) assays. Among them, most powerful antioxidant, compound 1 has been selected in

order to illustrate anti-ulcer effect on ethanol-induced gastric mucosal lesions in rats. Four

groups of Sprague Dawley rats were respectively treated with 10% Tween 20 as ulcer control

group, 20 mg/kg omeprazole as reference group, 50 mg/kg and 100 mg/kg compound 1 as

experimental animals. Macroscopically, ulcer control group showed extensive hemorrhagic

lesions of gastric mucosa compared with omeprazole or compound 1. Rats pre-treated with

compound 1 showed increased in gastric pH and gastric mucus. Histologically, ulcer control

group showed severe damage to gastric mucosa with edema and leucocytes infiltration of

submucosal layer. In immunohistochemical analysis, rats which were pre-treated with com-

pound 1 showed up-regulation of HSP70 and down-regulation of Bax proteins. In conclusion,

the gastroprotective effect of compound 1 may be due to its antioxidant activity, and/or due to

up-regulation of HSP70 and down-regulation of Bax protein in stained tissue section.

Introduction
Reactive oxygen species (ROS) and free radicals such as superoxide anion radical, hydroxyl
radicals, and lipid peroxides are the injurious species known to cause many degenerative
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diseases [1]. There are evidences for the aid of ROS in the etiology and pathophysiology of
human diseases, such as neurodegenerative disorders, viral infections, autoimmune gastroin-
testinal inflammation and peptic ulcer [2, 3]. Gastric ulcer is an illness that affects a consider-
able number of people worldwide. The pathological basis for the development of gastric ulcer
is multifactorial. It includes factors which disturb gastric mucosal integrity, such as mucus
secretion, mucosal barrier, acid-pepsin secretion, blood flow, cellular regeneration and endoge-
nous protective agents [4]. Long ago, it was thought that stress is one of the etiological factors
in the incidence of gastric ulcer by increasing catecholamine levels leading to vasoconstriction
[5]. A recent study has also shown the involvement of oxidative stress in the pathogenesis of
stress-induced gastric ulcer [6]. Additionally, cigarette smoking, nutritional deficiencies, infec-
tions, Helicobacter pylori, frequent and chaotic use of non-steroidal anti-inflammatory drugs
(NSAIDs) was also reported to be etiological factors [7]. Although the usage of proton-pump
inhibitors (PPI) as a classic anti-ulcer drug therapy has revolutionized treatment of peptic
ulcers and other gastrointestinal disorders, there is still no complete cure for this disease. It has
been shown that long term use of these drugs may be associated with ineffectiveness of differ-
ent drug regimens and even resistance to these drugs are emerging [8]. Thus, there is an urgent
need to identify more effective and safe anti-ulcer agents. Currently, a widespread search has
been launched to find new synthetic compounds with antiulcer properties. Schiff base com-
pounds have received much attention in the field of chemistry and biology due to their broad
range of biological activities such as antibacterial [9], anti-inflammatory [10], antioxidant and
antigastric ulcer properties [11]. The attachment of hydroxyl groups on the aromatic ring
makes hydroxyl substituted Schiff bases the effective antioxidants, has also been and potential
drugs for the prevention of diseases due to free radical damage [12]. It is demonstrated that
many drugs and formulations possess potent antioxidant action and are effective in healing the
experimentally-induced gastric ulcers [13–17]. Thus, our strategy involves the synthesis of new
Schiff bases, 2-(ethylthio)benzohydrazone derivatives. Among them, the most powerful antiox-
idant Schiff base, whether through hydrogen or electron transfer mechanisms, will be selected
in order to illustrate its anti-ulcer effect on ethanol-induced gastric mucosal lesions in rats.

Materials and Methods

In vitro antioxidant activity assays
1,1-Diphenyl-2-picrylhydrazyl(DPPH)radical scavenging activity. Determination of the

free radical scavenging activity of the synthesized compounds was performed as reported [18].
A solution of 195 μl of 100 μMDPPH reagent in 96% ethanol was added to an ethanolic solu-
tion (5 μl) of the synthesized compound and mixed in a 96-well plate. The mixture was allowed
to stand at room temperature and the absorption intensity was measured at intervals of 20
minutes for 3 hours at 515 nm. The slope was calculated from a graph of OD 515 nm vs. time
(min). The percentage inhibition of the DPPH radical was calculated according to the following
formula:

DPPH radical scavenged ð%Þ ¼ ½ðOD blank� OD sampleÞ=OD blank� � 100

Where,
OD blank is the absorbance of the control DPPH solution, OD sample is the tested com-

pound absorbance.
IC50 (compound concentration required to reduce the absorbance of the DPPH control

solution by 50%) was then calculated.
Ferric ion reducing power (FRAP) assay. The reducing capacities of the prepared com-

pounds were measured by the method of Benzie and Strain with a modification [19]. First, 10
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ml of acetate buffer (300 mM) was adjusted to pH 3.6 by mixing with 3.1 g CH3COONa�3H2O
and 16 ml glacial acetic acid. Next, a 2,4,6-tripyridyl-s-triazine TPTZ solution was prepared by
dissolving 10 mM TPTZ in 40 mMHCl. Then, 1 ml of the2,4,6-tripyridyl-s-triazine)TPTZ
solution was mixed with the FRAP solution, and 1 ml of ferric chloride hexahydrate (20 mM)
in distilled water. The FRAP solution was warmed to 37°C, the tested compound was added to
it, and the mixture was left to react in the dark. The absorbance was monitored spectrophoto-
metrically at 593 nm. The results were expressed in μM ferrous/g dry mass and compared with
the reference compounds.

Gastric ulcer study
Omeprazole. In this study, omeprazole was used as the reference anti-ulcer drug, and was

obtained from the University Malaya Medical Centre Pharmacy. The drug was dissolved in
10% Tween 20 and administered orally to the rats in concentrations of 20 mg/kg body weight
(5 ml/kg) [20].

Ethics statement. This study was carried out according to the criteria outlined in the
“Guide for the Care and Use of laboratory Animals” prepared by the National Academy of Sci-
ences and published by the national Institute of health. The protocol was approved by the Insti-
tutional Animal Care and Use Committee of University of Malaya (UM IACUC) with Ethic
Numbers: PM/07/05/2012/MAA (a) (R) and PM/28/09/2012/MAA (R). All surgery was per-
formed under xylazin and ketamine anesthesia and all efforts were made to minimize suffering.

Acute toxicity test and experimental animals. Adult healthy female Sprague Dawley rats
(6–8 weeks old) were obtained from the Animal House Experimental Unit, Faculty of Medicine,
University of Malaya, Kuala Lumpur. The rats weighed between 180–200 g. The rats were given
standard rat pellets and tap water. The acute toxic study was used to determine a safe dose for syn-
thesized compound. This study was carried out by the "fixed dose" method of OECD (Organiza-
tion for Economic Co-operation and Development) Guideline No.420 [21]. The fixed dose
method with the starting dose of 500 mg/kg body weight was adopted. The rats were fasted over-
night and next day the compound (suspended in 10% tween 80 solutions) was administered orally
at a dose level 500 mg/kg. Then the rats were observed continuously for 3 hours for general behav-
ioral, neurological, and autonomic profiles and then every 30 minutes for next 3 hours and finally
for mortality after 24 hours till 14 days [22] and throughout this period of observation, no cases of
death among the rats were occurred. After overnight fasting, the animals were sacrificed on the
day 15; the rats were anaesthetized by intramuscular injection of 50 mg/kg ketamin mixed with
xylazine 5 mg/kg. The abdomen and thoracic cavities were opened by a mid-ventral abdominal
incision on each animal. The liver and kidney were carefully observed for any gross pathology.
Histology and serum biochemical parameters were determined [23, 24].Through the jugular vein,
blood was withdrawn and collected into the plain tube with activated gel for determination of the
liver and kidney function tests by the blood analysis machine at the Clinical Diagnosis Laboratory
of Medical Centre (CDL) in University Malaya Hospital.

Experimental animals for gastric ulcer. Healthy Sprague Dawley rats of 6–8 weeks old
and weighing (200–225 g) were obtained from the Experimental Animal House, Faculty of
Medicine, University of Malaya, Kuala Lumpur. The rats were divided randomly into 5 groups
of 6 rats each. Each rat was placed individually in a separate cage (one rat per cage) with wide-
mesh wire bottoms to prevent coprophagia during the experiment. The animals were fed on
standard pellets and tap water.

Gastric ulcer-induction by ethanol. The rats were fasted for 24 hours before the experi-
ment but were allowed free access to drinking water up till 2 hours before the experiment [25].
Gastric ulcer was induced by orogastric intubation of absolute ethanol (5 ml/kg) [20]. Ulcer
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control groups were orally administered vehicle (10%Tween 20, 5ml/kg). The reference group
received oral doses of 20 mg/kg omeprazole in 10%Tween 20 (5 ml/kg) as positive control.
Experimental groups were orally administered of compound 1in 10%Tween 20 (5 ml/kg) at
doses of 50 and 100 mg/kg. One hour after this pretreatment, all groups of rats were adminis-
tered orally with absolute ethanol (5 ml/kg) in order to induce gastric ulcers. The rats were
euthanized 60 minutes later [26], by means of overdose of xylazin and ketamine anesthesia and
their stomachs were immediately excised, washed and kept in containers of normal saline.

Gross pathological evaluation of acute gastric ulcer. The gastric mucosa of each rat was
macroscopically examined for any elongated band of haemorrhagic lesion. The ulcer area of
each band (length and width) were measured by a planimeter (10 × 10 mm2 = ulcer area)
under dissecting microscope (1.8x). The ulcerated area was measured by counting the number
of small squares, 2 mm × 2 mm, covering each ulcer band. The sum of the ulcer areas for each
stomach was applied in the calculation of the ulcer area (UA) where in the sum of small
squares × 4 × 1.8 = UA (mm2). The inhibition percentage (I %) was calculated by the following
formula [12, 27]:

ðI %Þ ¼ ½ðUA control � UA treatedÞ � UA control� � 100

Histopathological evaluation of acute gastric ulcer. Specimens of the gastric walls for all
the animal groups were fixed in 10% buffered formalin solution, processed by light microscopy
by paraffin slice technique. Sections with 5μm thickness were stained with hematoxylin and
eosin (H & E) stain for histological evaluation [27]. Additionally, a special stain Periodic Acid
Schiff Base (PAS) was used to evaluate mucus production, following the manufacture instruc-
tion (Sigma Periodic Acid-Schiff -PAS Kit). For further analysis, immunohistochemistry stain
using Dako ARK™ was performed to detect the localization of HSP-70 and Bax proteins. Both
proteins were purchased from Santa Cruz Biotechnology, Inc., California, USA.

Mucus content measurement. The stomach production of mucus was measured in each
rat that was subjected to absolute ethanol-induced gastric lesions. The gastric mucosa of each
rat was obtained by gentle scraping the mucosa with a glass slide and the collected mucus were
weighed by using a precision electronic balance[28].

Gastric juice (pH) measurement. Hydrogen ion concentration for the samples of gastric
contents was measured by pH metric titration with 0.1 N NaOH solutions using digital pH
meter [27, 29].

Statistical analysis
All values were reported as mean ± S.E.M. The statistical significance of differences between
groups was assessed using a one-way analysis of variance (ANOVA) followed by post hoc anal-
ysis by the prism statistical package. A value of p<0.05 was considered significant.

Experimental
All chemicals and solvents were of analytical grade and purchased from Aldrich and Merck.
Melting points were determined using a MEL-TEMP II apparatus and are uncorrected. IR
spectra were recorded from 4000–400 cm-1 using a Perkin Elmer 400 Fourier transforms infra-
red (FTIR) Spectrometer. 1H NMR (400 MHz) and 13C NMR (100 MHz) spectra were
recorded on a BRUKER-AVN III 400 MHz instrument using DMSO-d6 as solvent and TMS as
an internal standard. Mass spectra were recorded on TSQ7000 for HREI/MS. The Supplemen-
tary Data section reports the synthesis and physicochemical characterization of 2-
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(ethylsulfanyl)-N'-[(substitutedphenyl)methylidene]benzohydrazide (2–6). The general syn-
thetic procedure of compound 1 as an example is given below.

General procedure for the synthesis of 2-(ethylsulfanyl)-N'-[(substitutedphenyl)methyli-
dene]benzohydrazide (1–6). To a warm stirred solution of aryl aldehyde (3 mmol in 20 ml
absolute ethanol), 2-(ethylsulfanyl)benzo hydrazide (3 mmol) was added in small portion, and
refluxed for 7 hours, after cooling the mixture, a precipitate was washed with cold ethanol,
then recrystallized from suitable solvent.

2-(ethylsulfanyl)-N'-[(4-hydroxy-3-methoxyphenyl)methylidene] benzohydrazide (1): This
was synthesized from 4-hydroxy-3-methoxybenzaldehyde, colourless solid (Yield: 90%). m.
p. 236–238°C. IR (KBr) (v, cm-1) 3545 (OH phenol), 3158 (NH), 1616 (C = O), 1579 (C = N).
1H NMR (DMSO-d6) δ ppm S1 Fig: 1.06 [t, 3H, H8a, H8b, H8c, (Z isomer)], 1.24 (E isomer),
2.9 [q, 2H, H7a, H7b, (Z isomer)], 2.98 (E isomer), 3.64 [s, 3H, OCH3, (Z isomer)], 3.85 (E),
6.84 (Z) [d, J = 7.9, H15, (Z isomer)], 6.86 (E), 7.07 (Z) [d, J = 8.1, 1H, H4, (Z isomer)], 7.09
(E), 7.29 (Z) [m, 2H, H12, H2, (Z isomer)], 7.32 (E), 7.46 [m, 3H, H16, H3, H5, (Z isomer)],
7.48 (E), 7.90 [s, 1H, H10, (Z isomer)], 8.18 (E), 9.39 [s, 1H, OH, (Z isomer)], 9.55 (E), 11.58
(E) [s, 1H, NH, (E isomer)], 11.64 (Z isomer). 13C NMR (DMSO-d6) δ ppm S2 Fig: 13.83 [1C,
C8, (E isomer)], 14.31 (Z isomer), 26.29 [1C, C7, (E isomer)], 27.34 (Z isomer), 55.20 [1C,
OCH3, (Z isomer)], 55.53 (E isomer), 108.94 (E) [1C, C12, (E isomer)], 109.58 (Z), 115.41 [1C,
C15, (E and Z isomers)], 120.65 (E) [1C, C16, (E isomer)], 122.09 (Z), 125.07 (E) [1C, C2, (E
isomer)], 125.51 (Z), 125.61 (E) [1C, C4, (E and Z isomers)], 127.68 (E) [1C, C5, (E isomer)],
127.90 (Z), 127.98 (E) [1C, C11, (E isomer)], 129.17 (Z), 129.46 (E) [1C, C3, (E isomer)],
130.27 (Z), 133.46 [1C, C6, (E isomer)], 135.65 (Z), 135.95 (E) [1C, C1, (E isomer)], 138.42 (Z),
143.18 (Z) [1C, C10, (Z isomer)], 147.89 (E isomer), 147.66 [1C, C14, (Z isomer)], 148.02 (E
isomer), 148.41 (E) [1C, C13, (E isomer)], 148.96 (Z), 163.67 [1C, C9, (E isomer)], 169.93 (Z
isomer). HREIMS m/z: 330.1035 [M+] (calc. for C17H18N2O3S1 330.1036).

2-(ethylsulfanyl)-N'-[(2,3,4-trimethoxyphenyl)methylidene]benzohydrazide (2): This was
synthesized from 2,3,4-trimethoxybenzaldehyde, colorless solid (Yield: 90%). m.p. 182°C. IR
(KBr) (v, cm-1) 3158(NH), 1635 (C = O), 1594 (C = N). 1H NMR (DMSO-d6) δ ppm S3 Fig:
1.12 (Z) [t, 3H, H8a, H8b, H8c, (Z isomer)], 1.22 (E isomer), 2.87 (Z) [q, 2H, H7a, H7b, (Z iso-
mer)], 2.99 (E isomer), 3.73 (Z) [s, 9H, OCH3, (Z isomer)], 3.86 (E isomer), 6.98 (E) [m, 1H,
H15, (E and Z isomers)], 7.28 (E isomer) [m, 1H, H16, (E and Z isomers)], 7.45 (E isomer) [m,
3H, H2, H3, H4, (E and Z isomers)], 7.93 (E isomer) [d, J = 8.8, 1H, H5, (E and Z isomers)], 8.2
[s, 1H, H10, (Z isomer)], 8.48 (E isomer), 11.68 [s, 1H, NH, (E and Z isomers)]. 13C NMR
(DMSO-d6) δ ppm S4 Fig: 14.27 (E) [1C, C8, (E isomer)], 14.77 (Z isomer), 26.68 (E) [1C, C7,
(E isomer)], 27.81 (Z isomer), 56.45 (E) [1C, C19, OCH3, (E and Z isomers)], 60.96 (E) [1C,
C18, OCH3, (E and Z isomers)], 62.29 (E) [1C, C17, OCH3, (E and Z isomers)], 109.23 (E) [1C,
C15, E and Z isomers)], 120.61 (E) [1C, C11, (E isomer)], 120.75 (Z isomer), 121.04 (E) [1C,
C16, (E and Z isomers)], 125.46 (E) [1C, C2, (E isomer)], 126.10 (Z isomer), 128.07 [1C, C5, (E
isomer)], 128.28 (Z isomer), 128.44 (E) [1C, C4, (E and Z isomers)], 129.78 [1C, C3, (E iso-
mer)], 130.89 (Z isomer), 136.00 (E) [1C, C6, (E and Z isomers)], 136.33 (E) [1C, C1, (E and Z
isomers), 141.99 (E) [1C, C13, (E and Z isomers)], 143.66 (E) [1C, C10, (E and Z isomers)],
153.12 (E) [1C, C12, (E and Z isomers)], 155.64 (E) [1C, C14, (E and Z isomers)], 164.20 (E)
[1C, C9, (E and Z isomers)]. HREIMS m/z: 374.1299 [M+] (calc. for C19H23N2O4S1 374.1300).

2-(ethylsulfanyl)-N'-[(3,5-di-tert-butyl-4-hydroxyphenyl)methylidene]-benzohydrazide (3):
This was synthesized from 3, 5-di-tert-butyl-4-hydroxybenzaldehyde, colorless solid (Yield:
90%). m.p. 212°C. IR (KBr) (v, cm-1) 3630 (OH phenol), 3180 (NH), 1639 (C = O), 1605
(C = N). 1H NMR (DMSO-d6) δ ppm S5 Fig: 1.09 (Z) [t, 3H, H8a, H8b, H8c], 1.23 (E), 1.29 (Z)
[s, 18H, 2× t-Bu, Z isomer)], 2.86 (Z) [q, 2H, H7a, H7b, (Z isomer)], 2.92 (E), 7.17 (E) [s, 1H,
OH, (E and Z isomers)], 7.28 (E) [m, 1H, H4, (E and Z isomers)], 7.43 [m, 5H, H2, H3, H12,
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H5, H16 (E and Z isomers)], 7.88 (Z) [s, 1H, H10, (Z isomer)], 8.19 (E), 11.55 (E) [s, 1H, NH,
(E isomer)], 11.63 (Z isomer). 13C NMR (DMSO-d6) δ ppm S6 Fig: 13.82 [1C, C8, (E isomer)],
14.4 (Z), 34.37 (E) [1C, C7, (E isomer)], 34.45 (Z), 34.49 [6C, 2×-C(CH3)3, E and Z isomers)],
39.03 [2C, 2×-C(CH3)3, (E and Z isomers)], 123.41 (Z) [2C, C12, C16, (Z isomer)], 123.88 (E),
125.1 (E) [1C, C11, (E isomer)], 125.69 (Z), 127.58 (Z) [1C, C2, (Z isomer)], 127.89 (E), 129.01
(E) [1C, C5, (E isomer)], 129.59 (Z), 130.29 (E) [1C, C4, (E and Z isomers)], 133.31 (E) [1C,
C3, (E and Z isomers)], 135.65 (E) [1C, C6, (E and Z isomers)], 135.91 (E) [1C, C1, (E and Z
isomers)], 138.76 (E) (2C, C13, C15, (E isomer)], 139.21 (Z), 143.47 (E) [1C, C10, (E isomer)],
148.78 (Z), 155.51 [1C, C14, (Z isomer)], 156.13 (E), 163.20 (E) [1C, C9, (E isomer)], 170.10
(Z). HREIMS m/z: 412.2175 [M+] (calc. for C24H32N2O2S1 412.2185).

Synthesis of 2-(ethylsulfanyl)-N'-[(4-hydroxy-3-ethoxyphenyl)methylidene]-benzohydrazide
(4): This was synthesized from 4-hydroxy-3-ethoxybenzaldehyde, the solid was recrystallized
from ethanol 5:1 water to obtain white solid (1 gm 90%), m.p. 200–202°C. IR (KBr) (v, cm-1),
3174 (OH phenol), 3100 (NH), 2978 (C-H aromatic), 1623 (C = O), 1582 (C = N). 1H NMR
(DMSO-d6) δ ppm S7 Fig: 1.11 (Z) [t, 3H, H8a, H8b, H8c, (Z isomer)], 1.21 (E), 1.25 (t, 3H,
OCH2CH3, (Z isomer)], 1.4 (E), 2.88 (Z) [q, 2H, H7a, H7b, (Z isomer)], 2.97 (E), 3.84 (Z) [q,
2H, OCH2, (Z isomer)], 4.09 (E), 6.72 [m, 1H, H15, (Z isomer)], 6.9 (E), 7.06 (E) [d, J = 8.1,
1H, H5, (E and Z isomers)], 7.29 (E) [m, 2H, H4, H16, (E and Z isomers)], 7.45 [m, 3H, H2,
H3, H12, (E and Z isomers)], 8.14 (Z) [s, 1H, H10, (Z isomers)], 8.15 (E), 9.42 (Z) [br.s, 1H,
OH, (Z isomers)], 9.57 (E), 11.62 (E) [s, (1H) (NH), (E isomer)], 11.66 (Z). 13C NMR (DMSO-
d6) δ ppm S8 Fig: 14.30 (E) [1C, C8, (E isomer)], 15.17 (Z) 26.79 (E) [1C, OCH2CH3), (E and Z
isomers)], 27.87 (Z) [1C, C7, (Z isomer)], 31.13 (E), 61.05 (Z) [1C, OCH2, (Z isomer)], 61.35
(E), 110.79 (E) [1C, C12, (E isomer)], 111.22 (Z), 115.9 [1C, C15, E and Z isomers)], 121.1 [1C,
C16, (Z isomer)], 122.5 (E), 125.5 (E) [1C, C2, (E isomer)], 126.0 (Z), 128.1 [1C, C5, (Z iso-
mer)], 128.3 (E), 128.4 [1C, C11, (E and Z isomers)], 129.6 (Z) [1C, C4, (Z isomer)], 129.9 (E),
130.8 [1C, C3, (E and Z isomers)], 136.1 [1C, C6, (Z isomer)], 136.3 (E), 143.7 [1C, C1, (E and
Z isomers)], 147.6 [1C, C10, (E and Z isomers)], 148.4 [1C, C13, (E and Z isomers)], 149.7 [1C,
C14, (E and Z isomers)], 164.2 (E) [1C, C9, (E isomer)], 170.3 (Z isomer). HREIMS m/z:
344.1149 [M+] (calc. for C18H20N2O3S1 344.1195).

Synthesis of 2-(ethylsulfanyl)-N'-[(4-hydroxyphenyl)methylidene]benzohydrazide (5): This
was synthesized from 4-hydroxybenzaldehyde, colorless solid (Yield: 90%). m.p. 260°C. IR
(KBr) (v, cm-1) 3690 (OH phenol), 3158 (NH), 1593 (C = N). 1H NMR (DMSO-d6) δ ppm S9
Fig: 1.07 (Z) [t, 3H, H8a, H8b, H8c, (Z isomer)], 1.23 (E), 2.88 (Z) [q, 2H, H7a, H7b, (Z iso-
mer)], 2.98 (E), 6.71 (Z) [d, 2H, C13, (Z isomer)], 6.85 (E), 7.2 (Z) [d, 2H, H12, H16, (Z iso-
mer)], 7.3 (E), 7.4 (Z) [m, 4H, H2, H3, H4, H5, (Z isomer)], 7.56 (E), 7.9 [s, 1H, H10, (Z
isomer)], 8.18 (E), 9.83 [s, 1H, OH, (Z isomer)], 9.96 (E), 11.55 (E) [s, 1H, NH, (E isomer)],
11.57 (Z). 13C NMR (DMSO-d6) δ ppm S10 Fig: 13.82 (E) [1C, C8, (E isomer)], 14.25 (Z),
26.26 (E) [1C, C7, (E isomer)], 27.34 (Z), 115.53 [2C, C13, C15, (E isomer)], 115.69 (Z), 125.04
(E) [2C, C12, C16, (E isomer)], 125.58 (Z), 127.59 (Z) [1C, C11, (Z isomer)], 127.94 (E), 128.24
(Z) [1C, C2, (Z isomer)], 128.83 (E), 129.24 (E) [1C, C5, (E and Z isomers)], 129.54 (Z) (1C,
C4, (Z isomer)], 130.28 (E), 133.37 [1C, C3, (E and Z isomers)], 135.65 (Z) [1C, C6, (Z iso-
mer)], 135.88 (E), 138.83 (E) [1C, C1, (E and Z isomers)], 143.62 (Z) [1C, C10, (Z isomer)],
147.72 (E), 158.98 [1C, C14, (Z isomer)], 159.40 (E), 163.68 [1C, C9, (E isomer)], 169.84 (Z).
HREIMS m/z: 300.0927 [M+] (calc. for C16H15N2O2S1 300.0932).

Synthesis of 2-(ethylsulfanyl)-N'-[(3-bromo-5-chloro-2-hydroxyphenyl)methylidine]-benzo-
hydrazide (6): This was synthesized from 3-bromo-5-chloro-2-hydroxybenzaldehyde, the solid
was recrystallized from ethanol to obtained yellow crystals (0.95gm 90%), m.p. 170°C. IR (KBr)
(v, cm-1) 3302 OH phenol), 3060 (NH), 1661(C = O), 1611(C = N). 1H NMR (DMSO-d6)
δ ppm S11 Fig: 1.2 (Z) [t, 3H, H8a, H8b, H8c, (Z isomer)], 1.23 (E), 2.51 (Z) [q, 2H, H7a, H7b,
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(Z isomer)], 2.97 (E), 7.3 (Z) [m, 1H, H12, (Z isomer)], 7.32 (E), 7.5 (Z) [m, 1H, H3, (Z iso-
mer)], 7.53 (E), 7.55 (E) [m, 1H, H14, (E and Z isomers)], 7.6 (E) [d, 1H, H5, (E and Z iso-
mers)], 7.65 (E) [m, 1H, H2, (E and Z isomers)], 7.72 (E) [d, 1H, H4, (E and Z isomers)], 8.18
(Z) [s, 1H, H10, (Z isomer)], 8.42 (E), 10.41 (Z) [s, 1H, OH, (Z isomer)], 12.23 (E), 12.43 (E) [s,
1H, NH, (E isomer)], 12.55 (Z). 13C NMR (DMSO-d6) δ ppm S12 Fig: 13.72 (E) [1C, C8, (E iso-
mer)], 14.11 (Z), 26.22 (E) [1C, C7, (E isomer)], 27.04 (Z), 110.73 [1C, C15, (Z isomer)],
110.83 (E), 120.32 (Z) [1C, C11, (Z isomer)], 123.31 (E), 125.03 (E) [1C, C3, (E and Z iso-
mers)], 126.15 (E) [1C, C13, (E and Z isomers)], 127.91 (E) [1C, C12, (E and Z isomers)],
128.17 (Z) [1C, C6, (E and Z isomers)], 129.23 (z) [1C, C5, (Z isomer)], 129.46 (E), 130.9 (Z)
[1C, C4, (Z isomer)], 132.77 (E), 133.05 (E) [1C, C1, (E and Z isomers)], 134.01 (E) [1C, C14,
(E and Z isomers)], 136.37 (E) [1C, C2, (E and Z isomers)], 147.01 (E) [1C, C10, (E and Z iso-
mers)], 152.04 (Z) [1C, C16, (Z isomer)], 153.20 (E), 163.87 (E) [1C, C9, (E isomer)], 169.73
(Z). HREIMS m/z: 411.9660 [M+] (calc. for C16H14N2O2BrClS1 411.9648).

Results and Discussion

Chemistry
The condensation reaction of 2-(ethylsulfanyl)benzohydrazide with substituted aromatic alde-
hydes in the presence of ethanol afforded the novel 2-(ethylthio)benzohydrazone derivatives
(1–6) (Fig 1). The structure of the hydrazones was confirmed by IR, 1H NMR, 13C NMR, and
mass spectroscopy. The hydroxyl group valence vibration in the hydrazones 1, 3, 4, 5, and 6
was between 3174 cm-1 and 3690 cm-1, the imine group stretching vibration and the (C = O)
absorption in all the newly prepared compounds (1–6) was indicated by the 1579–1611 cm-1

and 1601–1661 cm-1 respectively in the IR spectra. 1H and 13C NMR spectra of compounds
(1–6) contain two sets of signals due to the presence of E and Z configurations in solution [30].

In vitro antioxidant activity
DPPH Radical scavenging activity. Compounds (1–6) were evaluated for their free radi-

cal scavenging ability and compared with five positive controls, quercetin, BHT, trolox, rutin,
and ascorbic acid, and the results are shown in Table 1. Compounds 1 and 3 showed the

Fig 1. Synthesis of the title compounds (1–6).

doi:10.1371/journal.pone.0156022.g001
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highest radical scavenging activities, with minimum inhibitory concentration IC50 values of
(0.69 ± 0.08 μg/ml), and (2.52 ± 0.11 μg/ml), respectively, which are higher than the values
obtained for the positive controls. Compound 4 demonstrated greater radical scavenging activ-
ity (IC50, 3.34 ± 0.55 μg/ml) than BHT, trolox, rutin, and ascorbic acid (IC50, 18.71 ± 0.01 μg/
ml, 5.35 ± 0.64 μg/ml, 5.25 ± 0.01 μg/ml, and 7.52 ± 0.08 μg/ml, respectively), while compounds
2, 5 and 6 did not show radical scavenging activity in this assay.

Ferric reducing antioxidant power (FRAP Assay). The assay for reduction of iron (III) to
iron (II) at low pH was performed to determine the FRAP values (μM/100g) of the synthesized
compounds and compare them with the positive controls. Compounds 1 and 4 displayed excel-
lent FRAP values (8966.7 ± 0.03 and 2011.1 ± 0.03, respectively), compared to the reference
compounds, i.e. quercetin (1371.11 ± 0.03), BHT (77.83 ± 0.01), trolox (987.78 ± 0.01), rutin
(394), and ascorbic acid (1207). Compound 3 possessed greater FRAP reducing power than
rutin and BHT (395), while compounds 2, 5 and 6 showed FRAP values (116, 141 and 133,
respectively) only higher than BHT as shown in Table 1.

In this study the two antioxidant activity methods presented can be classified into two
groups depending on the reaction mechanism. The DPPH assay involves both hydrogen atom
transfer (HAT) and electron transfer (ET) mechanisms, whereas FRAP assays involves ET
mechanism [31]. A HAT-based method measures the standard ability of an antioxidant to
scavenge free radicals by hydrogen donation to form stable compounds. Basically, ET mecha-
nism detects the ability of a potential antioxidant to transfer one electron to reduce any com-
pound, including metals, carbonyls, and radicals [32, 33]. Compounds (1–6) were evaluated
for their free radical scavenging and ferric reducing ability compared with five positive con-
trols, quercetin, BHT, trolox, rutin, and ascorbic acid Table 1. Compound 1, with the methoxy
phenol showed excellent activity compared to the five positive controls. The reason for the
high antioxidant activity of compound 1 can be explained by looking into the mechanism of
phenolic derivatives. It has been reported that the presences of electron-withdrawing and elec-
tron-donating groups affects the bond-dissociation enthalpy of O-H, and consequently, the
stabilization of phenoxy radicals [34]. Thus, electron-donating groups’ e.g (methoxy) produce
a reduction of the bond-dissociation enthalpy due to the stabilization of the phenoxy radical by
mesomeric structures bearing a positive charge on the substituent. Replacement of the methoxy
group in compound 1 with an ethoxy group, as in compound 4 decreased the antioxidant

Table 1. Antioxidant activities for compounds (1–6).

Compounds Scavenging activity DPPHa (IC50
b μg/ml) FRAP a values (μM/100g)

1 0.69 ± 0.08 8966.7 ± 0.03

2 - 115.55 ± 0.17

3 2.52 ± 0.11 394.9 ± 0.77

4 3.34 ±0.55 2011.1 ± 0.03

5 - 140.7 ± 1.01

6 - 132.7 ± 0.3

Quercetin 2.54±0.07 1371.11±0.26

BHT 18.71±0.01 77.83±0.08

Trolox 5.35±0.64 987.78±0.14

Rutin 5.25±0.01 393.89±0.02

Ascorbic acid 7.52±0.08 1206.67±0.02

a Each value represents mean ± SD.
b IC50: 50% effective concentration.

doi:10.1371/journal.pone.0156022.t001
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activity. This is due to the fact that the ortho-methoxyl group can form an intra-molecular
hydrogen bond with the phenolic hydrogen, making H-atom abstraction from ortho-methoxy
phenols surprisingly easy [35]. Interestingly, compound 3 showed high radical scavenging abil-
ity in DPPH assay even in the presence of a di-tert-butyl moiety flanking the phenolic OH. In
case of compound 2 (substituted with three–OMe, compound 5 which has no substitution on
the phenol ring and 6 with chloro and bromo substituent at the phenol ring these compounds
have shown only poor FRAP values compared to the standard compounds. Based on our in
vitro antioxidant results, the gastric ulcer study was came out to investigate the gastroprotective
effect of compound 1 on ethanol-induced gastric mucosal lesions in rats.

Acute toxicity study
In order to investigate the acute toxicity, the animals were treated with compound 1 at a dose
500 mg/kg and were kept under observation for 14 days. All the animals remained alive and
did not manifest any significant visible signs of toxicity at these doses. Thus, clinical observa-
tions, serum biochemistry, and histopathology data did not show any significant differences
between control and treated groups Tables 2 and 3 and Fig 2. We conclude that oral adminis-
tration of compound 1 to rats was safe and that no drug-related toxicity was detected.

pH of gastric content and mucus production
The acidity of the gastric content in experimental rats pretreated with compound 1 was
decreased significantly compared to that of the ulcer control group (p<0.05). The mucus pro-
duction of gastric mucosa was significantly (p<0.05) increased in animals pretreated with com-
pound 1 compared to the ulcer control group Table 4.

Gross pathological findings of gastric lesions
The anti-ulcer activity of compound 1 in the ethanol-induced gastric lesion model is shown in
Table 4. The lesions were long, haemorrhagic and confined to the glandular portions. Results

Table 2. Effects of compound 1 on renal function test in rats.

Dose Sodium
(mmol/L)

Potassium
(mmol/L)

Chloride
(mmol/L)

CO2

(mmol/L)
Anion gap
(mmol/L)

Urea
(mmol/L)

Creatinine
(μmol/L)

Vehicle 141.53 ± 0.42 4.65 ± 0.11 105.63 ± 0.98 23.05 ± 0.44 18.50 ± 0.25 7.71 ± 0.33 41.280 ± 2.88

(500mg/kg) 143.01 ± 0.69 4.55 ± 0.13 103.38 ± 0.85 22.84 ± 0.42 17.38 ± 0.30 7.97 ± 0.28 43.09 ± 4.17

Values expressed as mean ± S.E.M. There are no significant differences between groups. Significant value at p<0.05.

doi:10.1371/journal.pone.0156022.t002

Table 3. Effects of compound 1 on liver function test in rats.

Dose Total protein
(g/L)

Albumin
(g/L)

Globulin
(g/L)

TB (μmol/L) CB
(μmol/L)

AP (IU/L) ALT(IU/L) AST (IU/L) GGT (IU/L)

Vehicle 64.23 ± 1.28 11.257 ± 0.28 53.57 ± 1.79 2.00 ± 0.00 1.00 ± 0.00 111.72 ± 6.22 43.41 ± 1.97 169.10 ± 6.82 3.78 ± 0.39

(500mg/kg) 62.15 ± 1.19 10.78 ± 0.31 52.43 ± 1.63 2.00 ± 0.006 1.00 ± 0.00 98.81 ± 5.51 40.27 ± 2.16 174.25 ± 8.65 3.53 ± 0.51

Values expressed as mean ± S.E.M. There are no significant differences between groups. Significant value at p<0.05.

TB: Total bilirubin; CB: Conjugated bilirubin; AP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;GGT:

G-Glutamyl Transferase.

doi:10.1371/journal.pone.0156022.t003
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showed that rats pre-treated with omeprazole, or compound 1 before being given absolute alcohol,
had significantly reduced areas of gastric ulcer formation compared to rats pre-treated with (ulcer
control group) (Fig 3). An obvious haemorrhagic bands of gastric mucosa have been produced by
absolute ethanol. However, compound 1(50 mg/kg) significantly reduced the formation of the
ulcers with noticeable flattening of gastric mucosal folds. It was also observed that protection of
gastric mucosa was the most prominent in rats pre-treated with 100 mg/kg of compound 1
Table 4. Furthermore, ethanol-induced mucosal damage was significantly reduced in the size and
severity by pretreatment of the animals with compound 1. These results are significantly compara-
ble with omeprazole, the standard drug used to treat gastric ulcer, Table 4 and Fig 3.

Histopathological findings of gastric lesions
Microscopic observation using H and E stain in ulcer control group relatively exhibited exten-
sive mucosal necrotic lesions, marked oedema and leucocytic infiltration of the submucosal
layer (Fig 4). On the other hand, the rats that pretreated with compound 1 had remarkably a
dose-dependent cytoprotective effect as demonstrated by reduction of ulcer area, submucosal
oedema and inflammatory cells’ infiltration (Fig 4).

Mucus (PAS) staining
Upsurge in the glycogen content of the gastric mucosa was confirmed based on the raise in the
level of PAS staining (magenta colour) in groups treated with compound 1 (Fig 5). However,
the gastric ulcer control group showed the reduction in PAS staining level.

Fig 2. Photomicrographs showing the histological sections of liver and kidney in acute toxicity test.
(2a and 2b) Rats treated with 5 ml/kg vehicle (10% Tween 20). (2c and 2d) Rats treated with compound 1
(500mg/kg). There is no significant differences in structures of liver and kidney between treated and control
groups (H & E stain, magnification ×20).

doi:10.1371/journal.pone.0156022.g002

Table 4. Effect of compound 1 onmucus production, acidity, ulcer area and inhibition percentage in rats.

Animal group Pre-treatment (5ml/kg) pH of Gastrictissue Mucus weight (g) Ulcer Area (mm) (mean ± S.E.M) % Inhibition

1 10% Twee20 (ulcer control) 2.95±0.40 0.512±0.015 850.00±14.43 -

2 Omeprazole (20mg/kg) 5.60±0.50 a 0.46±0.025 a 178±9.6 a 79

3 Compound 1 (50 mg/kg) 5.02 ± 0.48 a 0.50 ± 0.098 63.36 ± 34.80 a 92.6

4 Compound 1 (100 mg/kg) 3.9±0.9 a 0.44 ± 0.06 a 18.72 ± 5.42 a 97.8

5 Normal 7.05±0.6 a 0.586±0.031 0 -

Values are assumed as mean ± S.E.M. The statistical analysis was assessed with one-way ANOVA (post hoc analysis) with P < 0.05.

*Significant differences when compared to group 1.

doi:10.1371/journal.pone.0156022.t004
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Immunohistochemistry of HSP-70 and Bax
HSP-70 expression was up regulated in compound 1 pretreated-animals more than that
observed in ulcer control group (Fig 6). This suggests the potential gastroprotective effect of
this protein in compound 1. Meanwhile, there was down regulation of Bax protein expression
in compound 1 pretreated-animals compared to the ulcer control group (Fig 7). This suppres-
sive effect on Bax protein in treatment group might be contributed in the gastroprotective
activity of compound 1 as described previously [25].

Fig 3. Photographs showing the gross appearance of the gastric mucosa in rats. (3a) Rats pre-treated
with 5 ml/kg 10% Tween 20 (ulcer control). Severe injuries are seen in the gastric mucosa (arrow). Absolute
ethanol produced extensive visible haemorrhagic necrosis of the gastric mucosa. (3b) Rats pre-treated with
of omeprazole (20 mg/kg). Injuries to the gastric mucosa are very milder (arrow) compared to the injuries
seen in the ulcer control rats. (3c) Rat pre-treated with compound 1 (50 mg/kg). Moderate injuries are seen in
the gastric mucosa (arrow). The compound reduces the formation of gastric lesions induced by absolute
ethanol. (3d). Rats pre-treated with (100 mg/kg) of compound 1, mild injuries are seen in the gastric mucosa
(arrow). (3e) Rats in the normal control group showed intact gastric mucosa.

doi:10.1371/journal.pone.0156022.g003
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Fig 4. Photomicrographs showing the histological study of the absolute ethanol-induced gastric
mucosal damage in rats. (4a) Rats pre-treated with 5 ml/kg of 10% Tween 20 (ulcer control). There is
severe disruption to the surface epithelium and necrotic lesions penetrate deeply into mucosa (white arrow)
and extensive edema of submucosa layer and leucocyte infiltration are present (black arrow). (4b) Rats pre-
treated with omeprazole (20 mg/kg). Mild disruption of the surface epitheliummucosa is present (white arrow)
but deep mucosal damage is absent. Reduction of submucosal edema and leucocytes infiltration (black
arrow). (4c) Rat pre-treated with compound 1(50 mg/kg), mild disruption of surface epithelium are present but
deep mucosal damage is absent. Reduction of submucosal edema and leucocytes infiltration (black arrow).
(4d) Rat pre-treated with compound 1 (100 mg/kg), mild disruption of surface epithelium is present but deep
mucosal damage is absent. Reduction of submucosal edema and leucocytes infiltration (black arrow). (4e)
Rats in the normal control group showed intact gastric mucosa.

doi:10.1371/journal.pone.0156022.g004
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Based on the results obtained in this study, the gastric gavage of absolute alcohol caused a
noticeable gastric mucosal injury grossly and histologically. The gastric defensive elements
such as mucus and mucosa circulation were severely impaired by ethanol-induced gastric
lesions. Ethanol produces necrotic damage of the gastric mucosa in a multifactorial way [27]. It
can cause disruption of the mucus-bicarbonate barrier in the gastric mucosa and damaging the
wall of blood vessels. These effects are presumably due to different molecular actions, such as
oxidative stress and free radicals formation, lipid peroxidation, and modifications in perme-
ability and depolarization of the mitochondrial membrane prior to cell death [12]. In the

Fig 5. Photomicrographs showing the effect of the compound 1 on gastric tissue glycoprotein-PAS
staining (×20). (5a) the ulcer control group, (5b) the reference group (omeprazole, 20 mg/kg), (5c) rats
received 50 mg/kg of the compound 1 (5d) rats received 100 mg/kg of the compound 1. Magenta colour in the
apical epithelial cells in the treated groups with the compound shows gradual increase in mucosal secretion
of gastric glands. The intense secretion of mucus in gastric glands is demonstrated in 5d. The arrow points to
the glycoprotein accumulation. (5e) Rats in the normal control group showed intact gastric mucosa.

doi:10.1371/journal.pone.0156022.g005
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present study, compound 1 has a potent antisecretory and anti-ulcer action against ethanol-
induced gastric mucosal injury, and it decreases the acidity and increases the mucus of gastric
content, and this is consistent with results of a previous report [29]. Similarly, mucus secretion
is considered as an imperative defensive factor in protecting the gastric mucosa from any kind
of lesions [27, 36]. Pretreatment with compound 1 could to some extent minimize the ulcer
area and hinder the ulcerative damage. In majority of the cases with gastric ulcer, the etiology
is unknown; however, it is generally assented that an imbalance between acid and pepsin pro-
duction and mucosal integrity would be the responsible factor acting via endogenous defence
mechanisms as reported by Al Rashdi et al., 2012 [27]. Peptic ulcers are caused by an imbalance
between the protective and the aggressive mechanisms of the mucosa, and are the result of the
association of several endogenous factors and aggressive exogenous factors that are related to

Fig 6. Photomicrographs showing the immunohistochemical analysis of HSP-70 protein. (6a) ulcer
control group, (6b) omeprazole group, (6c and 6d) the pre-treated groups with compound 1 at doses 50
and100 mg/kg, respectively. (6e) Rats in the normal control group showed intact gastric mucosa. The antigen
site appears as a brown color (IHC: ×20).

doi:10.1371/journal.pone.0156022.g006
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living conditions [37, 38]. It has been reported that significant antiulcer effects could be due to
strengthening of gastric mucosa with the enhancement of mucosal defence [39]. Signs of toxic-
ity and mortality have not been shown by acute toxicity test. Behavioural alterations like, rest-
lessness, irritation, abnormal movement and respiratory distress throughout a period of 14
days were not observed. This suggested that compound 1 is safe and has no toxicity when
administered orally up to 500mg/kg and these results are consistent with other reported studies
[27, 40].

Omeprazole, a cytoprotective agent, exhibits an anti-secretory and protective effect[41], and
compound 1 protected the stomach against ethanol’s necrotic damage and its effect was more
distinct than omeprazole. Ulcer area parameter was used for the evaluation of antiulcer activity
since ulcer formation is directly related to factors such as gastric volume and acidity. In case of

Fig 7. Photomicrographs showing the immunohistochemical analysis of Bax protein. (7a) ulcer control
group, (7b) omeprazole group, (7c and 7d) the pre-treated groups with compound 1 at doses 50 and 100 mg/
kg, respectively. (7e) Rats in the normal control group showed intact gastric mucosa. The antigen site
appears as a brown color (IHC: ×20).

doi:10.1371/journal.pone.0156022.g007
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vehicle (ulcer control), increased the acid secretion, which consecutively caused increase in gas-
tric volume, low pH, increased acidity resulting into increase in ulcer area[42]. Omeprazole, a
proton pump inhibitor (PPI) showed a satisfactorily results in the protection of gastric mucosa
and has been broadly used as an acid inhibitor agent for the treatment of disorders related to
gastric acid secretion for about 15 years [41]. Almost complete suppression of acid secretion is
produced by PPIs. Basically, the mechanism of action of omeprazole is to bind to specific single
subunit of the H+, K+-ATpase (adenosine triphosphatase) at the secretory surface of parietal
cell to inactivate and reduce the acid secretion regardless of the source of secretory stimulation
[27]. By increasing intragastric pH through inhibition of acid secretion, PPIs inhibit the activa-
tion of pepsin. PPI is highly selective for the proton pump and undergoes catalyzed conversion
into an active form within the acid-forming space. The active inhibitors react with SH (thiol)
group of the proton pump, resulting in inhibition of acid formation. The long and short term
use of them is extremely effective in treating peptic ulcer disease and gastroesophageal reflux
[43]. ROS seem to play a crucial role in the formation of lipid peroxides, accompanied by a
defect of anti-oxidant enzyme activity of cells which are ultimately involved in the pathogenesis
of different diseases including gastric mucosal damage as demonstrated in the previous studies
[27, 44].

Antioxidants could assist to protect gastric cellular injury caused by oxidative stress and
intensify the body’s defence systems against degenerative diseases. Administration of antioxi-
dants impedes ethanol-induced gastric injury in rats [45, 46]. It was evident by a previous data
obtained using animal models of indomethacin and stress-induced gastric ulcer and pylorus
ligation-induced acid secretion that omeprazole acts as a potent antioxidant to scavenge the
endogenous �OH, thereby forbidding the tissue damage which results from lipid peroxidation
and protein oxidation [47]. Moreover, in vitro study has shown that the antioxidant property
of omeprazole offered an antiapoptotic effect by blocking DNA fragmentation during ulcera-
tion [48]. In this study, compound 1 has shown to have antioxidant activity to scavenge the
free radicals and it is likely that the gastroprotective effect exerted by this compound could be
attributed to its antioxidant property which conceivably seems similar to that of omeprazole
activity [40].

The result of the present study also revealed protection of the gastric mucosa and inhibition
of leucocyte infiltration of gastric wall in rats pretreated with compound 1. In fact, Al Rashidi
et al., 2012 [27] showed that the infiltration of activated neutrophils is involved in the initial
processes of formation of the lesion. Similarly, Mahmood et al., 2011 [24], demonstrated that
the reduction of neutrophil infiltration into ulcerated gastric tissue actively promotes the pre-
vention of gastric ulcers in rats. Absolute alcohol could extensively damage the gastric mucosa
leading to increased neutrophil infiltration into the gastric mucosa. Oxygen free radicals
derived from infiltrated neutrophils in ulcerated gastric tissues inhibit the healing of gastric
ulcer in rats. Neutrophils mediate lipid peroxidation through the production of superoxide
anions [49]. Neutrophils are a major source of inflammatory mediators and can release potent
ROS such as superoxide, hydrogen peroxide and myeloperoxidase derived oxidants. These
ROS are highly cytotoxic and can produce tissue damage [50, 51]. DPPH test is one of the most
dependent and frequently used method to measure the antioxidant activity of any substance
[52]. Our results showed that compound 1 could exhibit antioxidant properties approximately
comparable to commercial antioxidants. It has been reported that many synthetic and natural
compounds possess powerful antioxidant impact through various mechanisms, are effective in
healing experimentally induced gastric ulcer [53, 54]. We anticipate that the antioxidant activ-
ity of compound 1 could potentially play a role in the flatting of the gastric mucosal folds and
decrease in gastric motility as previously described [40]. It is reported that the changes in the
gastric motility may play a role in the progression and prevention of experimental gastric
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lesions [25]. Relaxation of circular muscles may protect the gastric mucosa through flattening
of the folds. This will increase the mucosal area exposed to necrotizing agents and reduce the
volume of the gastric irritants on rugal folds [25]. Ethanol produces a remarkable contraction
of the circular muscles of rat fundic strip. Such a contraction can lead to mucosal compression
at the site of the greatest mechanical stress, at the crests of rugal folds leading to necrosis and
ulceration [23].

Many studies have reported the role of heat-shock protein (HSP70) in maintaining normal
protein structures and survival of cells under oxidative stress [55]. The expression of HSP70
shows a crucial role in the protective mechanism and at the cellular level in ethanol-induced
gastric ulcer [56]. Our study shows that there are up regulation of HSP70 expression in the gas-
tric tissues of rats pre-treated with compound 1 and omeprazole in ethanol-induced gastric
ulcer, presumably due to antioxidant effect of compound 1 and omeprazole to attenuate the
oxidative damage of ethanol.

Physiologically, gastric mucosa has equilibrium between the dead and renewable cells to
maintain the gastric integrity. Otherwise, the gastric lesion will result if there is suppression
of cell proliferation or continuous process of apoptosis or programmed cell death [57]. Sev-
eral researchers showed that Bax proteins enhance apoptosis process [58]. In the present
data, immunohistochemical study shows that there is down regulation of the Bax protein
localization in the gastric tissue of the rats pre-treated with compound 1 compared with
ulcer control group and similar result belongs to that of omeprazole pre-treated group. The
results indicate the anti-apoptotic property of compound 1 against ethanol-induced gastric
ulceration.

Conclusions
New 2-(ethylthio)benzohydrazone derivatives were prepared and evaluated for their antioxi-
dant activity in vitro. Schiff base 1 possessed an excellent antioxidant activity among the com-
pounds studied, whether through hydrogen or electron transfer mechanisms, and therefore,
this compound was selected in order to illustrate its anti-ulcer effect on ethanol-induced gastric
mucosal lesions in rats. In vivo study of compound 1 revealed that this compound did not
cause any sign of acute toxicity in rats. This compound could significantly preserve the gastric
mucosa against ethanol-induced injury. Such role was determined grossly with the significant
improvement in the gastric mucus in comparison with the ulcer control group. Furthermore,
the reduction of haemorrhagic mucosal areas as well as the reduction or inhibition of edema
and leukocytes infiltration of the submucosal layer was shown histologically. The possible
mechanisms underlying this gastroprotective effect of compound 1 is due to potent antioxidant
activity besides HSP-70 up regulation and Bax protein down regulation.
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