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Abstract 

The present study aims to investigate the newly synthesized organotin (IV) complex (2E, 2′E) dibutylstannanediyl bis 
(4‑(4‑nitrophenyl) amino)‑4‑oxobut‑2‑enoate (DTN) for its anti‑ulcer potential. Characterization performed by carbon 
nuclear magnetic resonance spectroscopy proved that all values are in the expected ranges of the new compound. 
Gastroprotective activity of DTN was evaluated through in-silico, anti‑H. pylori, in‑vitro, in‑vivo, and ex‑vivo proteomic 
analysis. In-silico analysis shows that DTN possess stable binding with protein targets involved in gastric ulcer patho‑
physiology. DTN exhibited an inhibitory effect against 2,2‑diphenyl‑1‑picrylhydrazyl, H. pylori and hydrogen potassium 
ATPase  (H+/K+‑ATPase). The antiulcer activity was performed using an ethanol‑induced gastric ulcer model in rats. 
Anti‑oxidant profile of DTN showed a significant increase in glutathione‑S‑transferase, glutathione and catalase levels 
whereas lipid peroxidation levels were reduced. Histopathological findings confirmed that DTN protected the gastric 
mucosa of rats. Inflammatory markers tumor necrosis factor‑alpha, nuclear factor kappa B, cyclooxygenase‑2, interleu‑
kin 6 and interleukin‑1β were reduced and prostaglandin‑E2 restored expression of these cytokines in DTN pretreated 
animals when analyzed by using immunohistochemistry, enzyme‑linked immunosorbent assay and western blot 
techniques. In real‑time polymerase chain reaction technique, the expression of  H+/K+‑ATPase was downregulated in 
DTN pretreated group. DTN did not cause any mortality up to 400 mg/Kg. This study indicates that the newly synthe‑
sized compound DTN, possess stable binding against selected targets. DTN exhibits a gastro‑protective effect, medi‑
ated via anti‑H. pylori,  H+/K+‑ATPase inhibition, anti‑oxidant and anti‑inflammatory pathways, exploring its therapeutic 
potential in gastric ulcer management.
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Introduction
Gastric ulcer is one of the most common chronic gastro-
intestinal diseases characterized by a significant defect 
in the mucosal barrier. About 5 to 10% of people were 
infected and a major public health burden in last two 
decades [1]. There is an imbalance between offensive 

mucosal factors such as long-term periodic consumption 
of non-steroidal anti-inflammatory drugs, smoking, alco-
hol, infectious agents and stress and defensive mucosal 
factors specifically prostaglandin levels and antioxidant 
enzyme activity, which leads to disruption of gastric 
mucosa thus causing stomach ulcers [2]. H. pylori bacte-
ria is considered one of the major causes of gastric ulcers 
in humans [3]. Hypersecretion of acids and pepsins in the 
stomach due to overactivation of  H+/K+-ATPase pump 
where  K+ pumps in and  Na+ out and suppression of 
blood flow in gastric mucosa leads to gastric ulceration 
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[4]. Oxidative stress plays an important role in gastric 
ulcer formation due to the generation of highly cytotoxic 
free radicals [5, 6]. On the other hand, ethanol upsets the 
stomach secretory activity changing the permeability of 
the cells and disrupting the protective mucus layer which 
blocks gastric mucosal defense [7].

The ethanol-induced gastric ulcer model resembles 
gastric ulcer disease in humans [5, 8]. Gastric ulcer leads 
to gastric pain, blood in stools, nausea, vomiting, heart-
burn, weight loss and loss of appetite [9]. So the goal is 
to relieve the pain and prevent ulceration. Multi drugs 
such as antibiotics, antacids, proton pump inhibitors 
omeprazole and antihistamine are readily available to 
treat ulcers. However, major problems are encountered 
due to the limited efficacy against the gastrointestinal 
tract and their severe side effects. For example, gyneco-
mastia, hypoacidity, impotence, osteoporotic bone frac-
ture, hypergastrinemia and the risk of heart diseases [10]. 
Molecular docking is the key method of structured vir-
tual screening and it is still a very active area in research 
[11]. Thus new candidates who can provide high efficacy 
and low toxicity are valuable for the prevention and treat-
ment of gastric ulcer.

Organometallic compounds containing Sn-C atoms are 
linked to the organic moiety direct Sn-C covalent bonds 
are known to explode with organotin (IV) compounds. 
The general formula of (RnSnX4-n) where R contains 
organic matter, X, any anionic group such as like Cl−, 
OH– etc. and n = 1–4. Depending on the number of 
organic moieties (n) they are connected to the Sn atom 

the organotin (IV) compounds are classified as RSnX3, 
R2SnX2, R3SnX and R4Sn: and are called mono, di, tri 
and tetra organotin (IV) compounds [12]. Tin metal-
lic element strongly affects biochemical orientation of 
organotin (IV) compounds.

Organotin (IV) compounds have many applications 
in non-biological and biological aspects [13]. Organotin 
(IV) covers the biological aspect of a wide field of medi-
cal chemical science due to its structural diversity and 
extensive treatment applications [14]. Organotin (IV) 
compounds contains potent anti-tumor, anti-bacterial 
and anti-fungal activities [15]. Anti-cancer and anti-
leishmanial potential of organotin (IV) complexes activ-
ity was reported [16]. In particular organotin (IV) has 
shown significant biological activities such as biocides, 
cytotoxicity, anti-proliferation, anti-tuberculosis and 
anti-inflammatory [17, 18]. The aim of this study is evalu-
ation of newly synthesized compound of organotin (IV) 
complex (2E,2′E) dibutylstannanediyl bis(4-((4-nitrophe-
nyl) amino)-4-oxobut-2-enoate) (DTN) (Fig.  1), for its 
effectiveness against ethanol-induced gastric ulcer model 
in rats, using in-silico, in-vitro, in-vivo and ex-vivo prot-
eomic analysis techniques.

Material and methods
Chemicals
Dibutyltindichloride, maellicanhydride, 4-Nitro aniline, 
ethanol, dimethyl sulfoxide (DMSO), chloroform and 
normal saline acquired from Sigma-Aldrich, Germany. 
DTN compound was prepared in postgraduate chemistry 

Fig. 1 A and B represents 2D and 3D‑structures of 2E,2′E) dibutylstannanediyl bis (4‑((4‑nitrophenyl) amino)‑4‑oxobut‑2‑enoate (DTN)
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research laboratory of Riphah Institute of Pharmaceutical 
Sciences (RIPS) Islamabad, Pakistan. Omeprazole, met-
ronidazole purchased from Barrett Hodgson and Sanofi 
Aventis. Secondary antibodies procured from Abcam 
UK. Rat NF-ĸB ELISA kit (Catalog No. E-El-R0676), rat 
TNF-α ELISA kit (Catalog No. E-El-R0019), rat IL-6 (Cat-
alog No. DY406) and rat IL-1β (Catalog No. ab100704) 
and rat  PGE2 ELISA kit (Catalog No. E-El-R0034) were 
purchased from Elabscience, China. All chemicals were 
used in experiments analytically approved (99% HPLC 
grade).

Animals
Sprague-Dawley rats (180-240 g) of both sex have been 
used in the experimental process kept in animal house of 
the Riphah Institute of Pharmaceutical Sciences (RIPS) 
Islamabad, Pakistan, with organized environment pro-
vided (20-25 °C). Experiment trials were performed 
according to the rules and regulations of Research and 
Ethics Committee RIPS (Ref. No. REC/RIPS/2021/018) 
along with the guidelines of “Principles of Laboratory 
Animal care “.

Synthesis and characterization
2E, 2′E dibutylstannanediyl bis (4‑(4‑nitrophenyl) 
amino)‑4‑oxobut‑2‑enoate (DTN)
Sodium salt of ligand was (NaL) product was prepared 
by reacting the synthesized carboxylic acid with aque-
ous solution of  (NaHCO3) and stirred continuously for 
15-20 minutes. In the next step, NaL was reacted with 
equimolar quantities of dibutyltindichloride in dried 
toluene solvent and refluxing for 8–12 hrs at tempera-
ture 110 °C. TLC was employed to check the reaction 
progress, after completion reaction mixture was filtered, 
evaporated in vacuo to get final desired product DTN 
(Fig. 2) as reported earlier [16]. Carbon-13 nuclear mag-
netic resonance spectroscopy (13CNMR) (Bruker-AM 
300spectrophotometer) was employed to determine the 
composition analysis of new compound [16].

Computational study
Docking studies were performed in Autodock 4.2 
and CDOCKER. The parameter file of Autodock was 
modified due to presence of metal in ligand structure 
thus needed parameters which were obtained from 
the Autodock website (http:// autod ock. scrip ps. edu/ 
resou rces/ param eters). The three-dimensional struc-
ture (3D) of the newly synthesized test compound 
DTN was drawn in chem sketch. The 3D structure of 
standard drugs i.e. omeprazole, phenoxybenzamine, 
ranitidine, aspirin, meclofenamate, dinoprostone and 
curcumin was obtained from PubChem. Human pro-
tein targets involved in the pathogenesis of gastric 

ulcer were selected and 3D structures were acquired 
from the online protein database, Research collabora-
tory for structural bioinformatics (RCSB) PDB. The 
selected target proteins were histamine receptor  H2 
(PDB ID: P25021), hydrogen potassium ATPase  H+/
K+-ATPase (PDB ID: 5ylu), muscarinic receptor  M1 
(PDB ID: 5CXV), prostaglandin-E2  PGE2 (PDB ID: 
6AK3), Tumor necrosis factor-alpha TNF-α (PDB ID: 
1BKC), nuclear factor kappa B NFĸB (PDB ID: 4Q3J), 
cycloxygenase-1  COX1 (PDB ID: 6Y3C) and cycloxyge-
nase-2  COX2 (PDB ID: 5IKQ). Ligand water molecules 
were removed in discovery studio visualizer (DSV) and 
H (polar) atoms were added and saved in PDB format. 
Auto dock tools 1.5.6 and Auto Dock 4.2 docking soft-
ware were used for molecular docking. The results were 
analyzed as the atomic contact energy (ACE-value) 
(Kcal/mol). One best pose with lowest ACE value 
(kcal/mol) was selected for post-dock analysis via Bio-
via DSV. By determination of the interactions between 
ligand and amino acid residues were evaluated through 
2D images [19].

C-DOCKER module of DSV was used to crosscheck 
the docking results of AutoDock. C-DOCKER is an 
implementation of CHARMm-based docking tool. The 
receptor is held rigid while the ligands are allowed to 
flex during the docking process. For each complex 
pose, the CHARMm energy (interaction energy plus 
ligand strain) and the interaction energy, which indi-
cate ligand binding affinity are calculated. The crystal 
water molecules are generally removed in rigid and 
semi-flexible docking process [20], since the fixed water 
molecules might affect the formation of receptor-ligand 
complex. The water molecules were removed and 
hydrogen atoms were added to the protein. One best 
pose with lowest CDOCKER interaction energy was 
selected for post docking analysis.

DPPH free radical scavenging assay
2,2-diphenyl-1-picrylhydrazyl (DPPH) stock solution 
was prepared in 100 mL methanol by dissolving 9.2 mg 
DPPH. The ascorbic acid stock solution was prepared by 
dissolving (1 mg/mL) DMSO. Four milligrams compound 
was dissolved in DMSO for the preparation of the stock 
solution. These samples were tested for their potential of 
scavenging free radicals. In each well of 96 well micro-
plates, test samples were transferred to the relevant well 
and then (190 μL) DPPH reagents were added to each 
well. 200 μg/mL was the final sample concentration. The 
reaction mixture was incubated in the dark at 37 °C; the 
absorbance was measured at 517 nm [15]. Free radical 
scavenging activity was calculated using the formula.

% scavenging activity = (1− Abs/Abc ) x 100

http://autodock.scripps.edu/resources/parameters
http://autodock.scripps.edu/resources/parameters
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Where, Abs (sample absorbance), Abc (Absorbance of 
negative control). Triple serial dilution were (200, 66.6, 
22.2, 7.4 and 2.46 μg/mL) concentrations.

Anti‑H. pylori activity
The antibacterial activity of DTN compound against 
Helicobacter pylori (H. pylori) was evaluated through 
disc diffusion method [21]. Three different strains of H. 
pylori j63  (cagA−), j196  (cagA−) and j107  (cagA+) were 
obtained from the biopsy of the gastric ulcer patient, 
voluntarily at care endoscopy clinics and labs (Rawal-
pindi, Pakistan). Biopsies were placed in modified thio 
campy medium. The plates were incubated at 37 °C 
under microaerophilic environment. The isolates were 
identified by morphology and urease test kit. The iso-
lates were kept in sterile McCartney bottles containing 
0.2 g / L of cysteine and 20% of glycerol in brain heart 
infusion BHI broth 80 °C. Frozen clinical isolates were 

inoculated on Muller-Hinton Agar (MHA) plates. DTN 
test compound with different concentrations were 
added onto standard discs and was placed on the MHA 
plate. After incubation at 37 °C for 3 to 5 days, the zone 
inhibition was measured for each disk. All tests were 
performed in triplicate and antibacterial activity was 
evaluated as the mean of the inhibition diameter (mm). 
Metronidazole was used as a positive control in the 
experiment [22].

Ethanol‑induced gastric ulcer
For induction of gastric lesions, after 24 hours of fast-
ing rats were randomly assigned to six different groups 
(n = 5). Group (I) served as a saline control received 
saline solution of (10 mL/Kg) body weight. Group (II), 
(III) and (IV) pretreated with DTN at doses of 5, 10 
and 30 mg/Kg (p.o) respectively and group (V) received 
omeprazole (20 mg/Kg) served as standard drug and 

Fig. 2 Chemical synthesis of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN)
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group (VI) was negative control received absolute etha-
nol. One hour after all treatments, absolute ethanol 
(1 mL/100 g) was administered orally to each rat. After 
1 hour of ethanol treatment all rats were euthanized by 
cervical displacement and the stomachs were removed 
and saline normal solution was used to washed them 
and the lesion index was estimated by measuring each 
lesion in mm along its largest curvature scored area of 
each lesion as measured and marked according to the 
method previously described by [23]. The percentage of 
inhibition (% I) had been calculated using the following 
formula:

Where USc = surface area ulcer of control and 
USt = surface area ulcer of treatment drug group.

H+/K+‑ATPase inhibitory assay
DTN inhibitory effect on rat gastric  H+/K+-ATPase 
was analyzed using commercially available calorimetric 
 H+/K+-ATPase activity test screening kit (Catalog No 
E-BC-K122-S ElabScience USA). Gastric-tissues kept 
in biofreezer (− 80 °C) were homogenized using Silent 
Crusher M (heidolp). The homogenate was then centri-
fuged for 10 minutes at 3500 rpm and the supernatant 
was separated. Supernatant was analyzed for release of 
inorganic phosphate after ATP hydrolysis spectropho-
tometrically at 660 nm. One ATPase activity unit has 
been described as one micro mole of inorganic phos-
phorus released by ATP hydrolysis through ATPase 
1 mg per hour tissue protein. It was then expressed as 
μmol pi/mg prot/hour [24].

Anti‑oxidant profile
Gastric tissue isolated from the rat was homogenized 
and then centrifuged at 1500 rpm for 30 min. and the 
supernatant was collected. Supernatant was then esti-
mated for glutathione (GSH), catalase, glutathione-S-
transferase (GST) and lipid peroxidation (LPO) levels. 
GSH levels were determined by oxidation of GSH and 
DTNP which gave a yellow end product. The absorb-
ance of 2-nitro-5-thiobenzoic acid was calculated 
at 412 nm with the help of a GSH microplate reader. 
Values expressed in μmoles/mg of proteins GST activ-
ity calculated by extinction coefficient of the product 
formed and expressed in μmole/mg of CDNB con-
jugate/min/mg of protein. The GST level was deter-
mined by the formation of CDNB conjugate and 
measured its absorbance at 340 nm. Degradation of 
H2O2 measured in the presence of catalase at 240 nm 
absorbance was measured using a catalase microplate 

% I = (USc− USt) x 100/USc

reader. The LPO level was analyzed by its resultant 
end product called malondialdehyde (MDA). Micro-
plate reader was used to measure the absorbance at 
wavelength of 532 nm where quantitative measure-
ment of LPO was expressed in TBARS nmoles/min/mg 
of protein [25].

Hematoxylin and Eosin (H&E) staining
Tissue sections were deparaffinized with absolute 
xylene (100%) on coated slides and then rehydrated 
with ethyl alcohol (from 100% (absolute) to 70%). The 
slides were cleaned with distilled water and immersed 
for 10 min in hematoxylin. The slides were then 
placed under running water for 10 minutes in glass 
jar and treated with 1% HCl and 1% ammonia water. 
The slides were added for 5–10 min to eosin solu-
tion. After due time, the slides were washed in water 
and they are air dried for some time. The dried slides 
were dehydrated in graded ethyl alcohol (70, 95, and 
100%). The slides were cleaned with xylene and were 
mounted with a glass cover slip. Images of slides were 
taken using a light microscope (Olympus, Japan) and 
analyzed through Image J, a computer-based pro-
gram, while focusing thoroughly on gastric cell size 
and shape, inflamed infiltrated cells, and vacuolation. 
The TIF images were arranged to the same threshold 
intensity for all groups and examined in the GraphPad 
Prism.8 [25].

Immunohistochemistry (IHC)
Immunohistochemical analysis was performed as 
described previously by [22]. After de-paraffinization, 
slides were handled for antigen retrieval step (enzy-
matic method) and then wash out with PBS. The 
endogenous peroxidase was quenched in methanol for 
10 min by applying 3% hydrogen peroxide (H2O2). The 
slides were incubated with 5% normal goat serum con-
taining 0.1% Triton X-100. After blocking, the slides 
were incubated overnight with mouse anti-TNF-α, 
p-NFκB and mouse anti-COX-2 antibodies (dilu-
tion 1:100, Santa Cruz Biotechnology). The following 
morning, after cleaning with 0.1 M PBS, slides were 
handled for incubation in biotinylated secondary anti-
body (dilution 1:50) according to the primary antibody 
origin and serum used. After treatment with second-
ary antibody, slides were incubated with ABC Elite kit 
(Santa Cruz Biotechnology) in a humidified chamber 
for 1 hour. Slides were cleaned with 0.1 M PBS, stained 
in DAB solution, rinsed with distilled water, dehydrated 
in a graded ethanol series, settled in xylene and cover-
slipped in a mounting medium. TIF images were taken 
by using a light microscope. Image J software was used 
for the quantitative determination of hyperactivated 
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p-NFκB, COX-2 and TNF-α by optimizing the back-
ground of images according to the threshold intensity 
and analyzing p-NFκB, COX-2 and TNF-α positive 
cells at the same threshold intensity for all groups. The 
intensity is expressed as the relative integrated density 
of the samples relative to the saline [25].

Enzyme‑linked immunosorbent assay (ELISA)
ELISA of p-NFĸB, prostaglandins E2  (PGE2), TNF-
α, interleukin 6 (IL-6) and interleukin 1 beta (IL-1β) 
was performed following the manufacturer’s (Elabsci-
ence) instructions. Stomach tissues were homogenized 
using Silent crusher-M (Heidolph) at 15 rpm × 1000. 
The supernatant was collected after centrifugation at 
(1350 X rpm for 15 minutes). With the BCA method, 
the total protein concentration in each group was 
determined. In brief, the protein samples were treated 
with the corresponding antibodies provided by kit. By 
using an ELISA microplate reader, the concentration 
of p-NFĸB (Catalog No. E-El-R0676) prostaglandins  E2 
 (PGE2) (Catalog No. E-El-R0034), and TNF-α (Catalog 
No. E-El-R0019), IL-6 (Catalog No. DY406) and IL-1 
(Catalog No. ab100704) determined. All measures were 
taken in triplicates [25].

Western blot
Gastric tissues were lysed in a buffer and homogenized 
for western blot analysis. Using a bicinchoninic acid 
(BCA) protein assay kit protein concentration was meas-
ured. The 30 μg protein homogenate was fixed onto 12% 
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and shifted to a polyvinylidene fluoride membrane. 
Membranes were incubated with primary antibod-
ies, such as p-NFκB and TNF-α, overnight at 4 °C then 
blocked with 5% bovine serum albumin for 1 h at room 
temperature. After cleaning three times using tris-buff-
ered saline with 0.1% Tween 20, the membranes pro-
ceeded with a 1:1000 dilution of secondary antibodies, 
such as goat, anti-rabbit for 90 min at room temperature. 
To visualize the immuno-reactive bands, an enhanced 
western blotting substrate kit was used. Using Image J 
software, densitometry evaluated the quantification of 
protein expression [25].

Real time polymerase chain reaction (RT‑PCR)
According to the manufacturer’s instructions, total 
ribonucleic acid (RNA) was extracted from the gas-
tric tissues, by using the Trizol method. The first-
strand of cDNA was generated from 1 to 2 μg of total 
RNA by a reverse transcriptase enzyme mix on a PCR 
thermocycler. The mRNA expression normalized to 
the expression of β-Actin as a house-keeping gene by 
 2-∆∆CT method with slight modification [25]. Primer 

sequences for β-Actin and  H+/K+-ATPase were CCC 
GCG AGT ACA ACC TTC T (forward) and CGT CAT 
CCA TGG CGA ACT  (reverse) and TAT GAA TTG TAC 
TCA GTG GA (forward) and TGG TCT GGT ACT TCT 
GCT  (reverse), respectively.

Acute toxicity
Toxicity studies of DTN was performed, which defines 
the lethal dose versus the non-lethal dose of the test 
compound in the animal model. Using the acute toxicity 
model rats were divided into two groups of five rats each. 
Control group treated with normal saline (10 mL/Kg). 
By using increasing doses of test compound, the test was 
performed DTN (50–400 mg/Kg) administered orally in 
normal saline (10 mL/Kg). Forty-eight hours after treat-
ment the rats were observed for mortality [25].

Statistical analysis
Results data were calculated with mean ± standard error 
mean of sample (mean ± SEM)). Image J software of 
(NIH) was used for morphological data analysis. Results 
were computed by using of one-way analysis of variance 
(ANOVA) with applied post hoc turkey’s test by using 
software (Graph pad prism version 8). Level of signifi-
cance was considered P < 0.05.

Results
Chemical characterization
A newly synthesized compound of organotin (IV), 
chemical formula is  C28H32N4O10Sn and 13C NMR con-
firmed the structure of synthesized compound as 14.0 
 (CH3), 26.1(CH2 butyl), 125.4(C=C), 142.6(C=C), 112.8, 
119.3, 126.8, 131.4, 136.0, 145.8(Aryl C), 156.1(C=O), 
164.8(C=O). Butyl carbons were observed upfield at 
14.0-26.1 ppm. Alkenyl carbon atoms were observed 
downfield at 125.4 and 142.6 ppm respectively, the most 
downfield signals were attributed to carbonyl groups of 
ester and amide moieties. All the aryl carbons resonated 
in the expected ranges.

In‑silico analysis
DTN compound showed significant binding to vari-
ous protein receptors when evaluated using AD and 
CD. Table 1 summarizes atomic contact energy values 
(ACE-values) (Kcal/mol), residues include H-bonding, 
π-π bonding and others hydrophobic interaction of the 
best dock poses of DTN and standard drugs against 
targets  H+/K+-ATPase pump, muscarinic receptor 
 M1, histamine receptor  H2,  COX1,  COX2,  PGE2, NFĸB 
and TNF-α using AD and CD (ACE and H-bonding 
only). Figures (S1 to S8 and S1A to S8A) represents the 
2D-view interactions of DTN and standard drugs with 
their targets through AD and CD respectively. Against 
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the  H+/K+-ATPase pump, through AD and CD, DTN 
showed an (ACE-value) of − 9.12 and − 9.88 (Kcal/
mol) and formed 4 and 1 H-bonds and 5 hydrophobic 
interactions and standard drug omeprazole showed 
(ACE-value) -8.2 and − 11.63 (Kcal/mol) formed 2 and 
zero H-bonds and 6 hydrophobic interactions respec-
tively. Using AD and CD, DTN showed an (ACE-value) 
-9.44 and − 16.39 (Kcal/mol) against  M1 receptor and 
formed 5 and zero H-bonds and 6 hydrophobic inter-
action and standard drug phenoxybenzamine showed 
(ACE-value) -8.5 and  − 13.38 (Kcal/mol) formed 1 
π-π bond and 5 hydrophobic interactions. By employ-
ing AD and CD, DTN showed (ACE-value) against the 
 H2 receptor formed − 7.10 and − 10.37 (Kcal/mol) and 
formed 2 and 1 H-bonds and 5 hydrophobic interac-
tions and standard drug ranitidine showed (ACE-
value) -6.9 and  − 15 (Kcal/mol) formed 1 and zero 
H-bond and 5 hydrophobic interactions respectively. 
Using AD and CD against  COX1, DTN showed (ACE-
value) -6.46 and − 6.95 (Kcal/mol) and formed 2 and 
2 H-bonds and 5 hydrophobic interaction and stand-
ard drug aspirin showed (ACE-value) -6.2 and − 6.61 
(Kcal/mol) formed 3 and zero H-bonds and 2 hydro-
phobic interactions. Against  COX2 target by using 
AD and CD, DTN showed an (ACE-value) of − 10.64 
and − 13.89 (Kcal/mol) and formed 3 and 2 H-bonds 
and 1 π-π bond and 3 hydrophobic interactions and 
standard drug meclofinamate showed (ACE-value) 
-8.42 and − 8.94 (Kcal/mol) formed 4 and 2 H-bonds 
and 5 hydrophobic interactions. Against  PGE2 tar-
get by employing AD and CD, the DTN represents 
(ACE-value) -8.98 and − 18.63 (Kcal/mol) and formed 
the 2 and 2 H-bonds, 1 π-π bond and 5 hydrophobic 
interactions and standard drug dinopristone showed 
(ACE-value) -8.24 and  − 14.82 (Kcal/mol) formed 5 
and 1 H-bonds and 1 hydrophobic interaction. Against 
NFĸB target through AD and CD, DTN showed an 
(ACE-value) -4.03 and − 5.64 (Kcal/mol) and formed 
3 and 2 H-bonds 1 π-π bond and 3 hydrophobic inter-
actions and standard drug curcumin showed (ACE-
value) -7.13 and  − 8.54 (Kcal/mol) formed 4 and 1 
H-bonds and 3 hydrophobic interactions. Using AD 
and CD against TNF-α receptor, DTN showed (ACE-
value) -8.06 and − 15.6 (Kcal/mol) and formed 5 and 
1 H-bonds and 5 hydrophobic interactions and stand-
ard drug aspirin showed (ACE-value) -5.20 and − 6.13 
(Kcal/mol) formed 4 and zero H-bonds and 1 hydro-
phobic interaction respectively.

DPPH free radicals scavenging
DTN at different dose concentrations (200, 66.6, 22.2, 7.4 
and 2.46 μg/mL) showed compound anti-oxidant effect 

70.13 ± 0.57, 60.27 ± 1.15, 57.83 ± 0.28, 44.32 ± 0.18 and 
42 ± 0.46 and ascorbic acid at dose (20 μg/mL) showed 
88 ± 0.55 anti-oxidant effect. DTN showed  IC50 effect 
at dose concentration on (7.4 μg/mL) and ascorbic acid 
showed  IC50 at dose (4.3 μg/mL) respectively (Table 2).

H. pylori inhibitory effect
DTN anti-H. pylori activity against three different 
strains j63 (cagA-), j196 (cagA-) and j107 (cagA+) were 
determined by disc diffusion method, metronidazole 
was used as a positive control. Against strain-I, strain-
II and strain-III different concentrations used of DTN 
and metronidazole were 0.5, 1, 2, 4, 8, 16, and 32 μg/
disk and Inhibition diameter (mm) of DTN against 
strain-I was 2.33 ± 0.66, 3.66 ± 0.33, 4.66 ± 0.33, 
6.0 ± 0.57, 10 ± 1.15, 12.66 ± 0.33, 15.33 ± 1 and met-
ronidazole was 3.66 ± 0.33, 4.66 ± 0.33, 5.33 ± 0.66, 
7 ± 0.57, 10.33 ± 1.20, 14.66 ± 0.88, 22 ± 1.15. DTN 
against strain-II was 3 ± 0.57, 3.66 ± 0.66, 5 ± 0.57, 
6 ± 1.73, 9.33 ± 0.66, 12.66 ± 0.88, 19 ± 0.57 and 
metronidazole was 4 ± 0.57, 5 ± 0.57, 5 ± 0.57, 
7.33 ± 0.88, 10.33 ± 1.20, 15 ± 1.73, 0.66 ± 2.30. DTN 
against strain-III was 2.66 ± 0.33, 4 ± 0.57, 4 ± 0.57, 
6.33 ± 0.66, 10.33 ± 1.20, 14 ± 0.57, 18.66 ± 0.88 and 
metronidazole was 4 ± 0.57, 4.66 ± 0.33, 5.66 ± 0.88, 
8 ± 1.15, 11.33 ± 0.66, 15.66 ± 0.33, 22.66 ± 0.66 
respectively. MIC (μg/ml) of DTN effect against H. 
pylori was 12, 10, 10 and Metronidazole was 4, 6 and 4 
(μg/ml) respectively (Table 3).

Effect on ethanol‑induced gastric ulcer
DTN at (5, 10 and 30 mg/kg) exhibited an antiulcer 
effect. DTN shows 41, 58 and 90% protective effect 
at 5, 10 and 30 mg/kg doses with ulcer index scores 
10 ± 0.25, 5.9 ± 0.29, 4.2 ± 0.37, 1 ± 0.27 respectively. 
Omeprazole (20 mg/Kg) exhibited 90% inhibition 
with ulcer index 1 ± 0.22 as compare to ethanol group 
respectively (Fig. 3 and Table 4).

Table 2 2,2‑diphenyl‑1‑picrylhydrazyl (DPPH) free radical 
scavenging assay of dibutylstannanediyl bis(4‑((4‑nitrophenyl)
amino)‑4‑oxobut‑2‑enoate (DTN) and ascorbic acid

Samples Concentration 
(μg/mL)

% DPPH inhibition 
(Mean ± SEM)

IC50 (μg/mL)

DTN 200 70.13 ± 0.57 7.4

66.6 60.27 ± 1.15

22.2 57.83 ± 0.28

7.4 44.32 ± 0.18

2.46 42 ± 0.46

Ascorbic acid 20 88 ± 0.55 4.3
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Table 3 Zone of inhibition and minimum inhibitory concentration (MIC) of 2E,2′E) dibutylstannanediyl bis(4‑((4‑nitrophenyl)amino)‑4‑
oxobut‑2‑enoate (DTN) against three strains of H.pylori, using disk diffusion method

Samples Zone of Inhibition (mm) MIC (μg/mL)

0.5 μg/disk 1 μg/disk 2 μg/disk 4 μg/disk 8 μg/disk 16 μg/disk 32 μg/disk

STRAIN I: j63 (cagA‑)
 DTN 2.33 ± 0.66 3.66 ± 0.33 4.66 ± 0.33 6.0 ± 0.57 10 ± 1.15 12.66 ± 0.33 15.33 ± 1 12

 Metronidazole 3.66 ± 0.33 4.66 ± 0.33 5.33 ± 0.66 7 ± 0.57 10.33 ± 1.20 14.66 ± 0.88 22 ± 1.15 4

STRAIN II: j196 (cagA‑)
 DTN 3 ± 0.57 3.66 ± 0.66 5 ± 0.57 6 ± 1.73 9.33 ± 0.66 12.66 ± 0.88 19 ± 0.57 10

 Metronidazole 4 ± 0.57 5 ± 0.57 5 ± 0.57 7.33 ± 0.88 10.33 ± 1.20 15 ± 1.73 20.66 ± 2.30 6

STRAIN III: j107 (cagA+)
 DTN 2.66 ± 0.33 4 ± 0.57 4 ± 0.57 6.33 ± 0.66 10.33 ± 1.20 14 ± 0.57 18.66 ± 0.88 10

 Metronidazole 4 ± 0.57 4.66 ± 0.33 5.66 ± 0.88 8 ± 1.15 11.33 ± 0.66 15.66 ± 0.33 22.66 ± 0.66 4

Fig. 3 Gross appearance gastric mucosa of rats: A pre‑treated with saline (10 mL/Kg), B treated with absolute ethanol (1 mL/100 g), C, D and E 
pre‑treated with DTN at doses (5, 10 and 30 mg/Kg) and F pre‑treated with omeprazole (20 mg/Kg)

Table 4 Protective effect of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and omeprazole against 
ethanol‑induced gastric ulcer rats tissues

Data expressed as mean ± SEM (n = 5). One way ANOVA with post-hoc Tukey’s test
### P < 0.001 vs. saline group, ***P < 0.001 vs. ethanol group

Treatment (mg/Kg) Ulcer index ± SEM % Inhibition

Saline (10 mL/Kg) 0 ± 0 _

Ethanol (1 mL/100 g) 10 ± 0.25### 0

DTN (5 mg/Kg) + Ethanol (1 mL/100 g) 5.9 ± 0.29*** 41

DTN (10 mg/Kg) + Ethanol (1 mL/100 g) 4.2 ± 0.37*** 58

DTN (30 mg/Kg) + Ethanol (1 mL/100 g) 1 ± 0.27*** 90

Omeprazole (20 mg/Kg) + Ethanol (1 mL/100 g) 1 ± 0.22*** 90
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Effect on  H+/K+‑ATPase inhibition
In saline group (10 mL/Kg)  H+/K+-ATPase levels was 
24.19 ± 0.43 (μmol Pi/mg prot/hour). In ethanol group 
(1 mL/100 g) the level was significantly increased to 
103.8 ± 0.44 (μmol Pi/mg prot/hour) as compared to 
saline group. In treatment group DTN (30 mg/Kg) 
expression of  H+/K+-ATPase is 25.96 ± 0.44 and omepra-
zole (20 mg/Kg) was 30.29 ± 0.44 significantly decreased 
as compared to ethanol group (Fig. 4).

Effect on oxidative stress markers
In saline group (10 mL/Kg), Catalase, GST, GSH and LPO 
levels were 70 ± 0.31 μmoles  H202 /min/mg, 66.2 ± 0.66 
CDNB conjugate/min/mg, 47 ± 0.63 μmoles/min/mg 
and 40 ± 0.70 (Tbars-nM/min/mg) respectively. In etha-
nol group (1 mL/100 g), Catalase, GST, GSH and LPO 
levels were 10 ± 0.63 μmoles  H202/min/mg, 17 ± 0.63 
CDNB conjugate/min/mg, 13 ± 0.70 μmoles/min/mg and 
128 ± 1.2 (Tbars-nM/min/mg). In DTN treated group 
(30 mg/Kg) stomach tissues catalase, GST, GSH and LPO 
levels were 22 ± 0.70 μmoles  H202 /min/mg, 48 ± 0.70 
CDNB conjugate/min/mg, 22 ± 0.44 μmoles/min/mg and 
72 ± 0.70 Tbars-nM/min/mg respectively. In Omeprazole 
(20 mg/Kg) treated group stomach tissues Catalase, GST, 
GSH and LPO levels were 25 ± 0.63 μmoles  H202 /min/mg, 
61 ± 0.63 CDNB conjugate/min/mg, 38 ± 0.63 μmoles/min/
mg and 48 ± 0.70 Tbars-nM/min/mg respectively (Fig. 5).

Histopathological examination
Saline (10 mL/Kg) group revealed normal stomach tis-
sues architecture without any pathological changes. Etha-
nol (1 mL/100 g) treated tissues exhibited severe gastric 
damaged with vacuolation and disruption of morpho-
logical cell boundaries. DTN (30 mg/Kg) and omeprazole 
(20 mg/Kg) treated gastric tissues revealed the regenera-
tion and restoration of stomach cells with mild degenera-
tion respectively (Fig. 6).

IHC analysis
IHC of gastric tissues revealed that ethanol (1 mL/100 g) 
treated group markedly upregulated inflammatory mark-
ers COX-2, p-NFκB and TNF-α expression. Vacuola-
tion, necrotic cells and disruption of morphological cell 
boundaries were found in disease group. DTN (30 mg/
Kg) and omeprazole (20 mg/Kg) group’s downregulated 
COX-2, p-NFκB and TNF-α expression (Fig. 7).

Effect on inflammatory markers
In gastric tissues, saline group (10 mL/Kg), p-NF-ĸB, 
TNF-α, PGE2, IL-6 and IL-1 β levels were 330 ± 9.52, 
1955 ± 55 and 1770 ± 60 pg/mg, 415 ± 1.1 and 
650 ± 0.89 pg/mL respectively. In ethanol group 
(1 mL/100 g) p-NFĸB, TNF-α, IL-6 and IL-1 β levels 
were 3855 ± 3.70, 3931 ± 40,685 ± 0.77 and 1625 ± 0.85 
significantly increased and  PGE2 level was 730 ± 50 pg/
mg significantly decreased as compare to saline group. 
In DTN treated group (30 mg/Kg) p-NFĸB, TNF-α, IL-6 
and IL-1 β levels were 880 ± 3.64, 2455 ± 75, 615 ± 1.1 
and 1175 ± 0.34 pg/mg significantly decreased and  PGE2 
level was 1400 ± 50 pg/mg significantly increased as 
compare ethanol group. In omeprazole treated group 
(20 mg/Kg) p-NFĸB, TNF-α, IL-6 and IL-1 β levels were 
505 ± 3.5, 2215 ± 65, 515 ± 0.99 and 850 ± 0.66 pg/mg 
significantly decreased and  PGE2, 1765 ± 85 pg/mg sig-
nificantly increased as compare to ethanol group respec-
tively (Fig. 8).

Western blot findings
In ethanol group (1 mL/100 g), TNF-α and p-NF-ĸB 
expression in the gastric mucosa region were increased. 
In treatment group DTN (30 mg/Kg) and omeprazole 
(20 mg/Kg) suppressed the elevated expression of TNF-α 
and p-NF-ĸB (Fig. 9).

Quantification of m‑RNA level
RT-PCR determined fold expression of  H+/K+-ATPase 
in ethanol-induced gastric ulcer. In ethanol treated group 
expression of  H+/K+-ATPase mRNA levels increased. 
DTN (30 mg/Kg) and omeprazole (20 mg/Kg) decreased 
 H+/K+-ATPase mRNA levels (Fig. 10).

Fig. 4 Inhibitory effect of 2E,2′E) dibutylstannanediyl 
bis(4‑((4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and 
omeprazole against  H+/K+‑ATPase in ethanol‑induced gastric ulcer 
rats tissues. Values expressed as mean ± SEM (n = 5). One way ANOVA 
with post‑hoc Tukey’s test. ###P < 0.001 vs. saline group, ***P < 0.001 vs. 
ethanol group
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Acute toxicity
The DTN did not caused any mortality up to 400 mg/Kg.

Discussion
The current study confirmed that newly synthesized test 
compound DTN exhibits anti-ulcer effect (mediated via 
anti-H. pylori,  H+/K+-ATPase inhibition, anti-oxidant 
and anti-inflammatory pathways), exploring its therapeu-
tic potential in gastric ulcer management. Characteriza-
tion of a newly synthesized compound was performed 
to confirm the final product using different confirma-
tory methods.13CNMR techniques were used for further 
confirmation of the final synthesized product organo-
tin (IV) complex. Identification tests results proved that 
the final product was confirmed and the bands of func-
tional group of the desired product lies in range [16]. A 
compound anti-oxidant assay was performed by DPPH 
method. A newly prepared compound has strong free 
radicals scavenging effect and becomes similar to positive 
control ascorbic acid [15].

Molecular docking is the key method of struc-
tured virtual screening and it is still a very active area 
in research [11]. The interaction strength of π-π is 
described as the stability of the comparable struc-
tural complex to hydrogen bonding strength [26]. 
In the ground state condition, π-π interaction does 
not affect the functionality of the active site, but will 
result in a 20-30 fold reduction in the rate perma-
nent of chemical activity hydrophobic interactions 
also increase ligand affiliation against target proteins 
[27]. The ligands and protein targets complexes were 
assessed by the atomic contact energy (ACE) value, H. 
bond, π-π interaction and hydrophobic interaction in 
AutoDock and by ACE value, H.bond in CDOCKER 
respectively. The DTN compound showed signifi-
cant binding to various protein targets in our present 
study. Order of atomic contact energy values (kcal/
mol) against targeted proteins through AutoDock and 
C-DOCKER with high to low (ACE-value) are: NFĸB 
>  COX1  >  H2  > TNF-α >  PGE2  >  H+/K+-ATPase pump 

Fig. 5 Effect of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and omeprazole against catalase, glutathione 
sulfotransferases (GST), glutathione (GSH), and lipid peroxide (LPO) in ethanol‑induced gastric ulcer rats tissues. Data expressed as mean ± SEM 
(n = 5). One‑way ANOVA, with post‑hoc  Tukey,s test. ###P < 0.001 vs. saline group, ***P < 0.001 vs. ethanol group
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>  M1  >  COX2 and NFĸB >  COX1  >  H+/K+-ATPase 
pump >  H2  >  COX2  > TNF-α >  M1  >  PGE2 respectively. 
To confirm the docking analysis performed with Auto-
Dock, the docking results were crosschecked using 
CDOCKER. All docking conformations were visualized 
using DSV so as to ensure the ligands were docked into 
the defined binding pocket. The ACE against  H+/K+-
ATPase pump,  COX1 and NFkB proteins were almost 
the same in both AutoDock and CDOCKER software 
but there were some differences between ACE against 
 M1,H2,  COX2,  PGE2 and TNF-α targets having lower 
binding energies than AutoDock. The lower value of 
CDocker energy gives the best binding affinity of the 
ligand to the receptor protein [28].

In the in-vitro conformational analysis, H. pylori is the 
main risk factor for gastric ulcer disease [3]. Organotin 
(IV) complex previously reported good anti-bacterial 
inhibitory activity [16]. DTN possesses anti-bacterial 
activity as it inhibits H. pylori bacteria, mainly responsi-
ble for gastric ulceration [16]. Anti H. pylori activity was 
examined through a zone of inhibition and minimum 
inhibitory concentration. DTN showed an anti H. pylori 
effect through the zone of inhibition and MIC against 
three different clinical strains.

Many studies demonstrate that alcohol has an essen-
tial role in gastric injury and ulceration [5]. Ethanol-
induced ulcer model is used to investigate and diagnose 

gastric ulcer pathogenesis and study the gastrointes-
tinal effect of various medicines and natural products 
against ulcer [5, 29]. Ethanol-induced gastric ulcer is 
due to the increased production of inflammatory cells 
and reactive oxygen species that accumulate and fur-
ther trigger oxidative damage [6, 7]. We have observed 
that oxidative stress was particularly severe in the etha-
nol group, which is consistent with previous studies 
[30]. From a macroscopic gross view of gastric mucosa 
and microscopic (H&E) slides observations, DTN pre-
treatment effectively eliminates gastric ulcers. All treat-
ment groups indicated a substantial dose-dependent 
reduction in the area of gastric ulcers. These results are 
ongoing agreement with earlier studies that evaluated 
the gastro-protection of various synthetics recognition 
of the gastrointestinal role of DTN in compounds and 
ethanol-induced gastric ulcers [31].

Ethanol increases gastric mucosa expression of 
H+/K + -ATPase and increases stomach acid and pep-
sin secretions, which are the most important causes 
in gastric mucosa injury. Prior to ethanol treatment, 
stomach hemorrhagic lesions reduce mucosal blood 
flow, resulting in K+ pumps in and Na + pumps out, 
causing gastric acid to leap [4]. In the clinic, inhibiting 
the activity of the H+/K + -ATPase becomes effective 
treatment for stomach ulcers [32]. The model group’s 
H+/K + -ATPase activity was significantly increased 

Fig. 6 Histopathological examaination, hematoxylin and eosin (H&E) stained slides represent effect of 2E,2′E) dibutylstannanediyl 
bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and omeprazole in ethanol‑induced gastric ulcer rats tissues
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Fig. 7 Slides and bar charts represents effect of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and omeprazole 
against tumor necrosis factor alpha (TNF‑α), cyclooxygenase‑2  (COX2) and tumor necrosis factor kappa‑B (p‑NFĸB) expression in ethanol‑induced 
gastric ulcer rats tissues, using immunohistochemistry technique
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by ethanol stimulation in this investigation. The 
abnormal activation of H+/K + -ATPase is suppressed 
by DTN treatment in a dose-dependent manner. Our 
molecular docking results for H+/K + -ATPase also 
verified this. We discovered that DTN might be used 
as a potential therapy for gastric ulcers by inhibiting 
H+/K + -ATPase activity, which resulted in a consist-
ent reduction in gastric acid volume and acidity. The 
pathogenic process of stomach ulcer has been con-
nected to oxidative stress [33]. Oxidative stress has 
been linked to ulcers on the stomach mucosa. Free rad-
icals that are extremely cytotoxic are produced in vari-
ous ways [6]. Because lipids are significant elements 
of cell membranes, oxygen-derived free radicals were 
found to combine with them to generate lipid perox-
ides, which caused widespread damage [34]. According 
to previous research, increased free radical production 
accounts for the membrane damage seen in patho-
logical experiments, as demonstrated by increased 
lipid peroxidation LPO, notably TBARS. The body’s 

anti-oxidant defense system can scavenge free radicals 
produced from oxygen, including anti-oxidants such 
as GSH, GST and catalase. Depleting cellular GSH and 
GST and decreased catalase activity may make recov-
ery from ethanol-induced stomach oxidative injury 
more difficult [35]. Ethanol exposure produces sig-
nificant decreases in GSH, GST and catalase activi-
ties and an increase in LPO TBARS levels, according 
to the results of this study. On the other hand, DTN 
pretreatment resulted in significant increases in GSH, 
GST, and catalase levels, as well as a decrease in LPO 
TBARS, indicating its antioxidant capability and dem-
onstrating that the molecule possesses gastro-protec-
tive effects against ethanol-model ulcers. There is a 
well-known connection between inflammation and 
ethanol-induced stomach ulcer damage [36].

IHC staining of inflammation causing cytokines of 
ethanol-induced gastric ulcer was further experimen-
tally examined. It revealed over expression of p-NF-ĸB, 
TNF-α and  COX2 in ethanol treated stomach compared 

Fig. 8 A, B, C, D and E Represent the effect of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and omeprazole 
against tumor necrosis factor alpha (TNF‑α), phosphorylated nuclear factor kappa B (p‑NFĸB), prostaglandins E2  (PGE2), interleukin 6 (IL‑6) and 
interleukin 1 beta (IL‑1β) in ethanol‑induced gastric ulcer rats tissues, using enzyme linked immunosorbent assay technique (ELISA). Data expressed 
as mean ± SEM (n = 5). One‑way ANOVA, with post‑hoc Tukey’s test. ###P < 0.001 vs. saline group, **P < 0.01, ***P < 0.001 vs. ethanol group
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to control. While pretreatment of DTN at (30 mg/Kg) 
dose decreases the expression of p-NF-ĸB, TNF-α and 
 COX2 compared to the ulcer group [37, 38]. PGE2 plays 
a crucial role as a mediator. It was well-known for its 
ability to protect the gastric mucosa and repair gastric 
ulcers [38]. Stomach ulceration is caused by decreased 
PGE2 levels in the gastric mucosa, which aggravates 
pre-existing gastric ulcers [37]. In a previous investiga-
tion, ethanol treatment was shown to lower PGE2 lev-
els [39]. In ethanol gastric ulcers model rats, the effects 
of our current work are consistent with some previous 
studies, which have shown that DTN compound can 
defeat hemorrhagic gastric mucosal lesions by regulat-
ing PGE2 production, preventing the accumulation of 
inflammatory cells and increasing anti-oxidant enzyme 
activity [37]. As a result, the gastro-protective effect 
of DTN may be linked to the protection of stomach 
prostaglandin.

Ethanol induces the inflammatory markers that initi-
ates macrophages produce vast volumes of pro-inflam-
matory cytokines like TNF-α, p-NF-ĸB, IL-6 and IL-1β 
which promote the accumulation of neutrophils in the 
inflammation site, leading to the breakdown and the 
destruction of the mucosal barrier and ROS activates 
p-NF-ĸB through IĸB phosphorylation [34, 39]. These 

Fig. 9 A Bands and B bar charts represent Inhibitory effect of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and 
omeprazole against tumor necrosis factor alpha (TNF‑α) and necrosis factor kappa B (p‑NFĸB) in gastric ulcer tissues of ethanol treated rats, using 
western blot analysis. Data expressed as mean ± SEM (n = 5). One‑way ANOVA, with post‑hoc Tukey’s test. ###P < 0.001 vs. saline group, **P < 0.01, 
***P < 0.001 vs. ethanol group

Fig. 10 Inhibitory effect of 2E,2′E) dibutylstannanediyl 
bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and 
omeprazole against messenger ribonucleic acid (mRNA) expression 
in gastric ethanol‑induced gastric ulcer rats tissues, using reverse 
transcriptase polymerase chain reaction (RT‑PCR). Values expressed 
as mean ± SEM (n = 5). One‑way ANOVA with post‑hoc Tukey’s test. 
###P < 0.001 vs. saline group, ***P < 0.001 vs. ethanol group



Page 17 of 19Azmatullah et al. BMC Pharmacology and Toxicology           (2022) 23:58  

pro-inflammatory cytokines produce an increased quan-
tity of oxygen-derived free radicals, thereby facilitating 
the formation of stomach ulcers. Our findings outcomes 
were in agreements with those earlier work [35]. While 
ethanol exposure ulcer raised p-NFĸB, TNF-α, IL-6 and 
IL-1β levels associated with control rats. In contras-
tively, treatment with DTN reversed the elevated levels 
of p-NFĸB, TNF-α, IL-6 and IL-1β. Even though these 
cytokines up to reach at normal levels (30 mg/Kg) under 
DTN pretreatment, the reduction of the p-NFĸB level in 
DTN-pretreated rats might be a result of ROS scavenging 
ability of DTN, which shows its anti-inflammatory effect 
on ethanol-exposure gastric ulcer in rats.

Western blot findings provide evidence that DTN has 
an anti-inflammatory effect through reduced expression 
of TNF-α and p-NF-ĸB. Both proteins are involved in the 
recruitment of inflammatory mediators, in the previous 
study it was revealed that the inflammatory mediator of 
TNF-α and p-NF-ĸB downregulated in ethanol-induced 
ulcerated tissue of the stomach [39]. The RT-PCR tech-
nique provides close evidence and further confirmation 
of the targeted  H+/K+-ATPase pump inhibition pathway 
that m-RNA levels of  H+/K+-ATPase was determined 
in ethanol group. While treatment with DTN and ome-
prazole significantly reduced the level of  H+/K+-ATPase 
compared to the ethanol group [40]. It was confirmed 
from different experimental studies that DTN (30 mg/Kg) 
has gastro protective effect mediated through, occupied 
targets receptors with favorable (ACE-values), anti-H.
pylori,  H+/K+-ATPase inhibition, anti-oxidant and anti-
inflammatory pathways. Due to multi effective property, 
it may reduce polypharmacy, be economically cost-effec-
tive, decrease medication error, drug-drug interactions 
and be effective in ulcer disease management.

Conclusion
This study reveals that the newly synthesized compound 
DTN, possesses binding energy values − 4.03 to − 10.64 
Kcal/mol against selected targets. DTN exhibits an anti-
ulcer effect, mediated via anti-H.pylori,  H+/K+-ATPase 
inhibition, anti-oxidant and anti-inflammatory pathways 
demonstrate its therapeutic potential in management of 
gastric ulcer.
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Additional file 1: Figure S1. (A) and (B) represents 2D‑interactions of 
2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑
enoate (DTN) and omeprazole with hydrogen potassium atipase pump 
 (H+/K+‑ATPase) evaluated through Biovia Discovery Studio Visualizer (DSV) 
2016. Figure S2. (A) and (B) represents 2D‑interactions of 2E,2′E) dibutyl‑
stannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and 

phenoxy benzamine with muscarinic receptor  (M1) respectively, evaluated 
through Biovia Discovery Studio Visualizer (DSV) 2016. Figure S3. (A) and 
(B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl bis(4‑(4‑ nitro‑
phenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and ranitidine with histamine 
receptor  (H2) respectively, evaluated through Biovia Discovery Studio 
Visualizer (DSV) 2016. Figure S4. (A) and (B) represents 2D‑interactions 
of 2E,2′E) dibutylstannanediyl bis(4‑(4‑ nitrophenyl)amino)‑4‑oxobut‑
2‑enoate (DTN) and aspirin with cyclooxiginase‑1  (COX1) respectively, 
evaluated through Biovia Discovery Studio Visualizer (DSV) 2016. Figure 
S5. (A) and (B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl 
bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and meclofena‑
mate with cyclooxiginase‑2  (COX2) respectively, evaluated through Biovia 
Discovery Studio Visualizer (DSV) 2016. Figure S6. (A) and (B) represents 
2D‑interactions of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)
amino)‑4‑oxobut‑2‑enoate (DTN) and dinopristone with prostaglandin‑E2 
 (PGE2) respectively, evaluated through Biovia Discovery Studio Visualizer 
(DSV) 2016. Figure S7. (A) and (B) represents 2D‑interactions of 2E,2′E) 
dibutylstannanediyl bis(4‑(4‑ nitrophenyl)amino)‑4‑oxobut‑2‑enoate 
(DTN) and curcumin with nuclear factor kappa B (NFĸB) respectively, 
evaluated through Biovia Discovery Studio Visualizer (DSV) 2016. Figure 
S8. (A) and (B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl 
bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and aspirin with 
tumor necrosis factor alpha (TNF‑ α) respectively, evaluated through 
Biovia Discovery Studio Visualizer (DSV) 2016. Figure S1A. (A) and (B) rep‑
resents 2D‑interactions of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)
amino)‑4‑oxobut‑2‑enoate (DTN) and Omeprazole with hydrogen potas‑
sium ATPase  (H+/K+‑ATPase) evaluated through Biovia Discovery Studio 
Visualizer (DSV) 2016. Figure S2A. (A) and (B) represents 2D‑interactions 
of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑
enoate (DTN) and Phenoxy‑benzamine with Muscarinic receptor  (M1) 
evaluated through Biovia Discovery Studio Visualizer (DSV) 2016. Figure 
S3A. (A) and (B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl 
bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and Ranitidine with 
histaminergic receptor  (H2), evaluated through Biovia Discovery Studio 
Visualizer (DSV) 2016. Figure S4A. (A) and (B) represents 2D‑interactions 
of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl)amino)‑4‑oxobut‑
2‑enoate (DTN) and Aspirin with cyclooxygenase‑1  (COX1), evaluated 
through Biovia Discovery Studio Visualizer (DSV) 2016. Figure S5A. (A) 
and (B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl bis(4‑
(4‑nitrophenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and Meclofinamate with 
cyclooxygenase‑2  (COX2) evaluated through Biovia Discovery Studio 
Visualizer (DSV) 2016. Figure S6A. (A) and (B) represents 2D‑interactions 
of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitrophenyl) amino)‑4‑oxobut‑2‑
enoate (DTN) and Dinopristone with prostaglandin‑E2  (PGE2), evaluated 
through Biovia Discovery Studio Visualizer (DSV) 2016. Figure S7A. (A) and 
(B) represents 2D‑interactions of 2E,2′E) dibutylstannanediyl bis(4‑(4‑nitro‑
phenyl)amino)‑4‑oxobut‑2‑enoate (DTN) and Curcumin with Nuclear Fac‑
tor kappa‑B (NFκB) evaluated through Biovia Discovery Studio Visualizer 
(DSV) 2016. Figure S8A. (A) and (B) represents 2D‑interactions of 2E,2′E) 
dibutylstannanediyl bis(4‑(4‑nitrophenyl) amino)‑4‑oxobut‑2‑enoate (DTN) 
and aspirin with Tumor necrosis factor alpha (TNF‑α) evaluated through 
Biovia Discovery Studio Visualizer (DSV) 2016.

Additional file 2. 

Additional file 3. 

Additional file 4. 

Additional file 5. 

Acknowledgements
Authors would like to thank the management of the Riphah Institute of Phar‑
maceutical Sciences, Riphah International University Islamabad, Pakistan for 
providing all the necessary facilities needed in our research work.

Authors’ contributions
AUK design the project, review and finalized the paper. HN design the scheme 
for synthesis of compound, SA, NGQ and NI perform the experimentation, 
analyze the data, compiled the results and wrote the paper. The author(s) read 
and approved the final manuscript.

https://doi.org/10.1186/s40360-022-00596-0
https://doi.org/10.1186/s40360-022-00596-0


Page 18 of 19Azmatullah et al. BMC Pharmacology and Toxicology           (2022) 23:58 

Funding
There were no such funding for this research project.

Availability of data and materials
All data is provided in the manuscript.

Declarations

Ethics approval and consent to participate
Animal experiments were performed according to the rules and regulations 
of Research and Ethics Committee of Riphah Institute of Pharmaceutical Sci‑
ences, Riphah International University (Ref. No. REC/RIPS/2021/018) along with 
the guidelines of “Principles of Laboratory Animal care “. Informed consent 
(verbal) was obtained from all subjects and/or their legal guardian(s). As sam‑
ples were obtained from the biopsy of the gastric ulcer patients, voluntarily 
at care endoscopy clinics and labs (Rawalpindi, Pakistan) therefore we have 
just taken verbal consent and does not sign any written form. Experimental 
protocols were approved by an institutional committee (REC/RIPS).
We confirm that our study was performed in accordance with the ARRIVE 
guidelines. All the methods were carried out in accordance with relevant 
guidelines and regulations.

Consent for publication
N/A

Competing interests
We all declare that there is no competing interest.

Author details
1 Department of Pharmacology, Riphah Institute of Pharmaceutical Sciences, 
Riphah International University, Islamabad, Pakistan. 2 Department of Phar‑
maceutical Chemistry, Riphah Institute of Pharmaceutical Sciences, Riphah 
International University, Islamabad, Pakistan. 3 Department of Pharmacy, Quaid 
i Azam University, Islamabad, Pakistan. 

Received: 21 February 2022   Accepted: 12 July 2022

References
 1. Lanas A, Chan FKL. Peptic ulcer disease. Lancet (London, England). 

2017;390(10094):613–24.
 2. Teyssen S, Singer MV. Alcohol‑related diseases of the oesophagus and 

stomach. Best Pract Res Clin Gastroenterol. 2003;17(4):557–73.
 3. Arunachalam K, Damazo AS, Pavan E, Oliveira DM, Figueiredo FF, 

Machado MTM, et al. Cochlospermum regium (Mart. ex Schrank) 
Pilg.: evaluation of chemical profile, gastroprotective activity and 
mechanism of action of hydroethanolic extract of its xylopodium 
in acute and chronic experimental models. J Ethnopharmacol. 
2019;233:101–14.

 4. Suo H, Zhao X, Qian Y, Sun P, Zhu K, Li J, et al. Lactobacillus fermentum 
Suo attenuates HCl/ethanol induced gastric injury in mice through its 
antioxidant effects. Nutrients. 2016;8(3):155.

 5. Simões S, Lopes R, Campos MCD, Marruz MJ, da Cruz MEM, Corvo L. 
Animal models of acute gastric mucosal injury: macroscopic and micro‑
scopic evaluation. Animal Model Exp Med. 2019;2(2):121–6.

 6. Wu X, Huang Q, Xu N, Cai J, Luo D, Zhang Q, et al. Antioxidative and anti‑
inflammatory effects of water extract of acrostichum aureum Linn. against 
ethanol‑induced gastric ulcer in rats. Evid Based Complement Alternat 
Med. 2018;2018:3585394.

 7. Byeon S, Oh J, Lim JS, Lee JS, Kim J‑S. Protective effects of dioscorea bata‑
tas flesh and peel extracts against ethanoliInduced gastric ulcer mice. 
Nutrients. 2018;10(11):1680.

 8. Fu Y, Wu HQ, Cui HL, Li YY, Li CZ. Gastroprotective and anti‑ulcer effects 
of oxymatrine against several gastric ulcer models in rats: possible roles 
of antioxidant, antiinflammatory, and prosurvival mechanisms. Phytother 
Res. 2018;32(10):2047–58.

 9. Najm WI. Peptic ulcer disease. Prim Care. 2011;38(3):383–94 vii.

 10. Kulikova OI, Stvolinsky SL, Migulin VA, Andreeva LA, Nagaev IY, Lopacheva 
OM, et al. A new derivative of acetylsalicylic acid and carnosine: 
synthesis, physical and chemical properties, biological activity. Daru. 
2020;28(1):119–30.

 11. Kuntz ID, Blaney JM, Oatley SJ, Langridge R, Ferrin TE. A geomet‑
ric approach to macromolecule‑ligand interactions. J Mol Biol. 
1982;161(2):269–88.

 12. Naz N, Sirajuddin M, Haider A, Abbas SM, Ali S, Wadood A, et al. Synthesis, 
characterization, biological screenings and molecular docking study of 
Organotin(IV) derivatives of 2,4‑dichlorophenoxyacetic acid. J Mol Struct. 
2019;1179:662–71.

 13. Sirajuddin M, Tariq M. Organotin(IV) carboxylates as an effective catalyst 
for the conversion of corn oil into biodiesel. J Organomet Chem. 
2015;779:30–8.

 14. Rehman W, Yasmeen R, Rahim F, Waseem M, Guo C‑Y, Hassan Z, et al. 
Synthesis biological screening and molecular docking studies of some tin 
(IV) Schiff base adducts. J Photochem Photobiol B Biol. 2016;164:65–72.

 15. Jabeen M, Ahmad S, Shahid K, Sadiq A, Rashid U. Ursolic acid hydrazide 
based organometallic complexes: synthesis, characterization, antibacte‑
rial, antioxidant, and docking studies. Front Chem. 2018;6:55.

 16. Sirajuddin M, Ali S, McKee V, Akhtar N, Andleeb S, Wadood A. Spectro‑
scopic characterizations, structural peculiarities, molecular docking study 
and evaluation of biological potential of newly designed organotin(IV) 
carboxylates. J Photochem Photobiol B Biol. 2019;197:111516.

 17. Debnath P, Singh K, Thokchom S, Singh S, Butcher R, Sieron L, et al. 
Synthesis, characterization, crystal structures and anti‑diabetic activity of 
organotin (IV) complexes with 2‑(4‑hydroxynaphthylazo)‑benzoic acid. 
Inorg Chim Acta. 2020;510:119736.

 18. Gielen M. Organotin compounds and their therapeutic potential: a report 
from the organometallic chemistry department of the free university of 
Brussels. Appl Organomet Chem. 2002;16(9):481–94.

 19. Bano S, Khan AU, Asghar F, Usman M, Badshah A, Ali S. Computational 
and pharmacological evaluation of ferrocene‑based acyl ureas and 
homoleptic cadmium carboxylate derivatives for anti‑diabetic potential. 
Front Pharmacol. 2018;8:1001.

 20. Sarvagalla S, Singh VK, Ke YY, Shiao HY, Lin WH, Hsieh HP, et al. Iden‑
tification of ligand efficient, fragment‑like hits from an HTS library: 
structure‑based virtual screening and docking investigations of 2H‑ and 
3H‑pyrazolo tautomers for Aurora kinase a selectivity. J Comput Aided 
Mol Des. 2015;29:89–100.

 21. Foroumadi A, Rineh A, Emami S, Siavoshi F, Massarrat S, Safari F, et al. 
Synthesis and anti‑helicobacter pylori activity of 5‑(nitroaryl)‑1,3,4‑thiadi‑
azoles with certain sulfur containing alkyl side chain. Bioorg Med Chem 
Lett. 2008;18(11):3315–20.

 22. Malekzadeh F, Ehsanifar H, Shahamat M, Levin M, Colwell RR. Antibacterial 
activity of black myrobalan (Terminalia chebula Retz) against helicobacter 
pylori. Int J Antimicrob Agents. 2001;18(1):85–8.

 23. Qazi NG, Khan A‑u, Ali F. Anti‑diarrheal, anti‑secretory, anti‑spasmodic and 
antiulcer activities of Acacia modesta (Mimosaceae) aerial parts. Trop J 
Pharm Res. 2017;16(9):2231–7.

 24. Zhang SL, Li H, He X, Zhang RQ, Sun YH, Zhang CF, et al. Alkaloids 
from mahonia bealei posses anti‑H+/K+‑ATPase and anti‑gastrin 
effects on pyloric ligation‑induced gastric ulcer in rats. Phytomedicine. 
2014;21(11):1356–63.

 25. Irshad N, Khan AU, Alamgeer, Khan SU, Iqbal MS. Antihypertensive 
potential of selected pyrimidine derivatives: explanation of underlying 
mechanistic pathways. Biomed Pharmacother. 2021;139:111567.

 26. Blakaj DM, McConnell KJ, Beveridge DL, Baranger AM. Molecular dynam‑
ics and thermodynamics of protein‑RNA interactions: mutation of a 
conserved aromatic residue modifies stacking interactions and structural 
adaptation in the U1A‑stem loop 2 RNA complex. J Am Chem Soc. 
2001;123(11):2548–51.

 27. Patil R, Das S, Stanley A, Yadav L, Sudhakar A, Varma AK. Optimized hydro‑
phobic interactions and hydrogen bonding at the target‑ligand interface 
leads the pathways of drug‑designing. PLoS One. 2010;5(8):e12029.

 28. Abdel‑Hamid MK, McCluskey A. In Silico docking, molecular dynamics 
and binding energy insights into the bolinaquinone‑clathrin terminal 
domain binding site. Molecules. 2014;19:6609–22.

 29. Abdelwahab SI. Protective mechanism of gallic acid and its novel deriva‑
tive against ethanol‑induced gastric ulcerogenesis: involvement of 



Page 19 of 19Azmatullah et al. BMC Pharmacology and Toxicology           (2022) 23:58  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

immunomodulation markers, Hsp70 and Bcl‑2‑associated X protein. Int 
Immunopharmacol. 2013;16(2):296–305.

 30. Rahman Z, Dwivedi DK, Jena GB. Ethanol‑induced gastric ulcer in rats 
and intervention of tert‑butylhydroquinone: involvement of Nrf2/HO‑1 
signalling pathway. Hum Exp Toxicol. 2020;39(4):547–62.

 31. O’Connor HJ, Dixon MF, Wyatt JI, Axon AT, Dewar EP, Johnston D. Campy‑
lobacter pylori and peptic ulcer disease. Lancet (London, England). 
1987;2(8559):633–4.

 32. Sokolova O, Naumann M. Crosstalk between DNA damage and inflam‑
mation in the multiple steps of gastric carcinogenesis. Curr Top Microbiol 
Immunol. 2019;421:107–37.

 33. Li H, Song F, Duan L‑r, Sheng J‑J, Xie Y‑H, Yang Q, et al. Paeonol and dan‑
shensu combination attenuates apoptosis in myocardial infarcted rats by 
inhibiting oxidative stress: roles of Nrf2/HO‑1 and PI3K/Akt pathway. Sci 
Rep. 2016;6:23693.

 34. Zhou D, Yang Q, Tian T, Chang Y, Li Y, Duan LR, et al. Gastroprotec‑
tive effect of gallic acid against ethanol‑induced gastric ulcer in rats: 
involvement of the Nrf2/HO‑1 signaling and anti‑apoptosis role. Biomed 
Pharmacother. 2020;126:110075.

 35. Fahmy NM, Al‑Sayed E, Michel HE, El‑Shazly M, Singab ANB. Gastro‑
protective effects of erythrina speciosa (Fabaceae) leaves cultivated in 
Egypt against ethanol‑induced gastric ulcer in rats. J Ethnopharmacol. 
2020;248:112297.

 36. Sánchez‑Mendoza ME, López‑Lorenzo Y, Cruz‑Antonio L, Matus‑Meza 
A‑S, Sánchez‑Mendoza Y, Arrieta J. Gastroprotection of calein D against 
ethanol‑induced gastric lesions in mice: role of prostaglandins, nitric 
oxide and sulfhydryls. Molecules. 2019;24(3):622.

 37. Robert A, Nezamis JE, Lancaster C, Hanchar AJ. Cytoprotection by pros‑
taglandins in rats. Prevention of gastric necrosis produced by alcohol, 
HCl, NaOH, hypertonic NaCl, and thermal injury. Gastroenterology. 
1979;77(3):433–43.

 38. Sulzbach DEOHS, Biolchi V, Richardt Medeiros HR, Bizerra Gandor Jantsch 
DB, Knabben DEOBDLK, Reckziegel R, et al. Effect of helicobacter pylori 
on NFKB1, p38α and TNF‑α mRNA expression levels in human gastric 
mucosa. Exp Ther Med. 2016;11(6):2365–72.

 39. He H, Li X, Yu H, Zhu S, He Y, Komatsu K, et al. Gastroprotective effect 
of araloside A on ethanol‑ and aspirin‑induced gastric ulcer in mice: 
involvement of H(+)/K(+)‑ATPase and mitochondrial‑mediated signaling 
pathway. J Nat Med. 2019;73(2):339–52.

 40. Wang Y, Wang S, Bao Y, Li T, Chang X, Yang G, et al. Multipathway inte‑
grated adjustment mechanism of glycyrrhiza triterpenes curing gastric 
ulcer in rats. Pharmacogn Mag. 2017;13(50):209–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Pharmacological evaluation of newly synthesized organotin IV complex for antiulcer potential
	Abstract 
	Introduction
	Material and methods
	Chemicals
	Animals
	Synthesis and characterization
	2E, 2′E dibutylstannanediyl bis (4-(4-nitrophenyl) amino)-4-oxobut-2-enoate (DTN)

	Computational study
	DPPH free radical scavenging assay
	Anti-H. pylori activity
	Ethanol-induced gastric ulcer
	H+K+-ATPase inhibitory assay
	Anti-oxidant profile
	Hematoxylin and Eosin (H&E) staining
	Immunohistochemistry (IHC)
	Enzyme-linked immunosorbent assay (ELISA)
	Western blot
	Real time polymerase chain reaction (RT-PCR)
	Acute toxicity
	Statistical analysis

	Results
	Chemical characterization
	In-silico analysis
	DPPH free radicals scavenging
	H. pylori inhibitory effect
	Effect on ethanol-induced gastric ulcer
	Effect on H+K+-ATPase inhibition
	Effect on oxidative stress markers
	Histopathological examination
	IHC analysis
	Effect on inflammatory markers
	Western blot findings
	Quantification of m-RNA level
	Acute toxicity

	Discussion
	Conclusion
	Acknowledgements
	References


