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Introduction. Aspirin is one of the widely prescribed antiplatelet and anti-inflammatory
drugs and last data expanded its vole into complex biological processes such as
cancerogenesis, despite the fact that its effects for peptic ulcer or gastrointestinal (Gl)
bleeding, which can develop even in an achlorhydric environment, are well known. Recent
extensive research of activities of hydrogen sulfide (HS) has proven that the addition of
H S-releasing moiety to the classical nonstreroid anti-inflammatory drugs (NSAID) results
in GI cyloprotective activity.

The aim of this study was to evaluate dose-dependent effects of a novel NSAID-IH2S
compound - ATB 340 (Antibe Therapeutics Inc), hydrogen sulfide-releasing derivative of
aspirin, 4-(3-thioxo-5H-dithiol-3-vl) phenyl 2-acetoxybenzoate (H . S-aspivin) vs classical
aspirvin (ASA) on esophageal and gastric mucosal integrity. ’

Methods: A blind, randomized study on rats treated with single administration of the
vehicle (control), ASA (in the doses 3.0, 10.0; 30.0; 100.0 mg/kg) and ATB-340 (in the doses
5.25; 17.5; 52.5; 175.0 mg'kg) with a vehicle (1.0 ml of 1% carboxymethylcellulose) and
7-days administration of ASA (3.0 and 10.0 mg/'kg) and ATB-340 (5.25 and 17.5 mg/kg) was
done. The damage of the esophageal mucosa (EM) and gastric mucosa (GM) was estimated
by macro- and microhistological analyses using damage scores; endothelial leukocyte
adherence was examined using intravital microscope before and after ASA and ATB-340
administration.

Results: Treatment by ATB-340 resulted in cyprotective effect and lower grade of EM
and GM lesions with damage score being twice less than ASA. Effective cvtoprotective and an
anti-inflammatory dose of ATB-340 was 17.5 mg/kg during single or 7-day administration.
Treatment by ATB-340 (in the dose of 17.5 mg/kg) vs ASA exerted a strong anti-inflammatory
effect by decreasing leukocyte adherence 4 times vs ASA and showing vasoprotective effect.

Conclusion: H S-aspirvin exerts strong cyloprotective and anti-inflammatory dose-
depended effects on EM and GM. An effective anti-inflammatory and vasoprotective dose of
H S-aspirin with low risk of damage of Gl mucosal barrier is 17.5 mg/kg.
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Bemyn: Acnipun ¢ oonum 3 npenapamis, auil 4acmo npusHaiaions K desazpezanm
i npomuzananehiil 3aci6, ane ocmanii oani ceiduans npo o0 MKYeanbHuil enae ons
KOMIIEKCHUX DIONO2ivHux npm;ec'is Kanyeposenes moljo, He3eacaionn na C}()ﬁp{.’ SHAHI
nOGIUHI eghexmu (VIMEOPEHHS NENMUYHILY BUPAZKOK A60 WIYHKOGO-KUWKOSUX KPOGOMeY),
1O MONCYID POGUHVIMUCA HAGINTG 30 YMOG axiopidpii. Ocmanni inmencueni docuioxncens
axmuenocmi 2iopozen-cyioioy (H S) dosenn, ugo dodasanna H S-cueinniosansnot vacmiu
do KracuyHux necmepoionux npomusananeiuux npenapamie (HII3II) dae smo2v aozy
akmueyeamiu HpUpooHi YUMONPOMeKMOopHi MeXaHizMu 6 WIVHKOBO-KUILKOGOMY MIParmi
(Wallace, 2007-2013).

Mema oocnidocenns — oyinumu Oo30-3a1excHi edpernu  nosimubol cnonveu I S-
HII3IT — ATB 340 (Antibe Therapeutics Inc.), noxionoi acnipuny i?f()p()zeﬂ-(‘_l/}.‘bf}:‘f()
euelbiosbliozo acnipunty, 4-(3-miokco-SH-dimion-3-un) dpenin 2-ayemoxcubensoamy
(I S-acnipuny) vs xnacuunoeo acnipuny (ASA) wa yinicwicms cnuzoeol  obononiu
C'HT]XIH()X(X)_V M HUIVHERA.

Memoou: Hooeiimi crini pandomizoeani 00CHiONCeHHA NPOSeOeHO HA wypax, AKi
ompumyean pazoeo niayeéo (koumpois), ASA (v doszax 3.0; 10.0; 30.0; 100.0 me'ke) abo
ATB-340 (v dozax 5.25; 17.5; 52.5; 175.0 me'k2); ma enpodoesc 7-0ennozo esedenna ASA (v
dozax 3.0 ma 10.0 ma/iz) i ATB-340 (5.25 ma 17.5 m2/k2); npenapanu avinyveanu 3 niayedo;
Ak naayeto euxopucmosyeami 1.0 mn 1% rkapboxcumemunyenionosu. Jocnioxcenna cmamy
cnuzoeoi obononku cmpasoxody (COC) ma cuzosol obanonru wwowvnka (COII) 6o
HPOEeOeHO 30 JONOMO2010 GHANIZY MAKpPo- I MIKpOCKORIUHUX 3MiH; nouikoOxcenna COC i
COILI pariocosano sa indexcom ypadxcenns, adzesio Jefikoyumis 0o enoomenin cyoun — sa
JonemMozow IHmpagimaisHol Mikpockonii 0o ma nicna esedenna acnipuny ma ATB-340.

Pesprwmamu: Buseneno, wo ATB-340 eonodic saxucnoio dicto na COC ma COII,
indexe ypadxcenus eoeiui nudcuuii vs ASA. Ecpexmusnoio yumonpomexmopHow nma
npomuszanansiow dozow ATB-340 ¢ 17.5 meke sa ymoe paszoeozo ma 7-0ennozo
sacmocyeanns. lpodemonemposano, wo ATB-340y dozi 17.5 me/ke echexmueno snuxcyeano
netkoyumapny adzesiio y 4 pasu nopienano do oit ASA, niomeepdxcyioun npomuzanansiy
it 1 30amuicme IMIRIOEAMI A02e3UBHT GIACIIUBOCITT eHOOMENT10.

Bucnoexn: HS-acnipun mac eupasny npomusanansiy o0ozo-sanexcny Oio ma
yumonpomexmuumu enacmueocmamu na COC ma COIIL Edexmuena npomuszananvha
ma Fs'a.’:'()nprm.*ffh'mop}m ()Q.')’ﬂ 3 MM pu.’mxa-w }fpﬂ.‘)l(’(’.}”f}l cnzoeol h‘L-'U’JIRYJH()-KMTMJHOE.’(J
mpaxmy H S-acnipuny — 17.5 mz/xe.

Kmuowosi crwea: Acnipun, IS, ciuzosuil Gap'ep, adeezis neiikoyumis, cmpaeoxio,
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HLTVHOK.,
INTRODUCTION

The therapy with nonsteroidal anti-inflammatory drugs (NSAIDs) has become
widespread nowadays (Schror K., 2015). Aspirin (acetylsalicylic acid), one of the common
NSAIDs, has been broadly used in medical practice for 130 years. Experimental and
clinical studies have shown that acetylsalicylic acid can be used for treatment purpose as an
anti-fever or strong anti-aggregatory compound, anti-inflammatory painkiller, or for both
treatment and prophylactic purposes for endothelial dysfunction in cardiovascular diseases,
as well as breast. neck. esophageal. colon. prostate. and lung cancer chemoprevention
(Sadeghi, 2008; Chan and Ladabaum, 2015; Macfarlane et al., 2015). Many enzymes
are acetylated and modified by aspirin. Thus. this process is irreversible: the enzymatic
properties of the targeted enzyme are changed. Aspirin’s acetylating property is not
intrinsic to other NSAIDs. Since the time of discovery of the 1982 Nobel Prize winner Sir
John R. Vane establishing that major aspirin’s targets are cyclooxygenases (COXs) at low
antiplatelet doses (75 to 325 mg/day), which prevents the production of prostaglandins
(PGs) and thromboxane A2 from arachidonic acid (Higgs et al., 1987: Schror, 2015), it
has been well-known that aspirin and other nonsteroidal anti-inflammatory preparations
cause a number of side effects. Most dangerous ones are related to the cytolytic effect
on mucosal barrier in gastrointestinal (GI) organs in people with a changed pattern of
arachidonic acid metabolism, inducing hemorrhage and ulceration (Vane, 1971-2002;
Wallace, 1990-2015;). At the same time, according to scientific data, a combination of
aspirin with acid suppression therapy using proton pump inhibitors (PPI therapy). which has
become widespread in prevention of GI mucosal injury, is controversial (Dang et al. 2010
Kuramoto et al. 2013; Goldstein and Cryer, 2015). Moreover, latest data attest that this kind
of treatment is not very effective in NSAIDs-associated oesophageal injury because it has
no effect on postprandial acid reflux (proximal “acid pocket™). causes dysmotility of the
stomach and the esophagus, changes the anti-reflux barrier, does not eliminate the effects
of bile. a permanent component of the refluxate, and specifically bile acids and trypsin.
and causes a change of the natural microflora, which, according to numerous reports, is the
main pathogenic agent for mutagenesis and the onset of oncological disecases (Saunders,
2006: Sheen and Triadafilopoulos. 2011: Freedberg et al.. 2014; Hvid-Jensen et al, 2014;
Nasser et al., 2015; Saunders and Frellick, 2015). Also, an induction of hypergastrinemia
causes oxyntic cell hyperplasia, increased parietal cell mass, glandular dilatations and
stimulation of enterochromaffin-like cells to release chromogranin and histamine, raising
their concentrations in serum. which are links of the oncogenesis chain (Dang et al., 2010)
or induced mucosal injury in upper part of GI tract (Zayachkivska O, 2014). Moreover,
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last data has shown that co-therapy of aspirin and PPI can be implicated in vitamin B12
deficiency (Lam et al, 2013), osteopenia (Ngamruengphong ct al, 2011), or pneumonia
(Eom et al 2011).

Former and recent data have demonstrated that non-organic Sulfhydryl compounds
or synthesis of the natural gasotransmitter hydrogen sulfide (H,S) plays a major role in
several physiological processes, including cytoprotection, local blood flow, inflammation
and changes of adhesive properties of endothelium and platelet aggregation (Satoh et
al., 1990; Wallace J. 1990-2014; Gao et al. 2015). and can decrease GI complications
related to NSAISs (Goldstein and Cryer, 2015; Herrera et al., 2015; Kodela et al. 2015).
H,S is the key to controlling vascular permeability; it participates in the formation of
the so-called “hemodilution barrier” of GI mucosal integrity (Zanardo et al.. 2006).
Vasoprotective effects of H,S can prevent the side effects of NSAIDs causing erosive
lesions or ulcer of GI mucosa. as demonstrated by the effects of using H,S-enriched
drugs. for instance, S-diclofenac or ATB 337 (Wallace JL. 2007-2015; Chan and Wallace,
2013): H,S-releasing naproxen derivative, ATB-346 (Fomenko et al. 2014; Blackler et al,
2014: Wallace, 2015; Zayachkivska et al, 2015). Additionally, several studies of different
substances named H,S-realizing aspirin in vitro and in vivo have shown the ability to
decrease oxidative stress (Rossoni et al., 2010; Liu et al., 2012; Huang et al.. 2014), as
well as strong antithrombotic effects (Pircher et al., 2012). Therefore, the first aim of our
rescarch was to compare the effects of novel H,S-enriched NSAIDs derivative — ATB-
340 (H,S-aspirin) (Fig.1) with effects of aspirin in regard to the integrity of the epithelial
barrier of the stomach; the second aim was to determine an effective and safe dose of
ATB-340 for mucosal integrity in upper part of GI tract by its single or 1 week treatment.

MATERIALS AND METHODS

Male rats weighing 180-220 g were used in our study in accordance with the norms of
the European Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes. as well as of the University Commitiee on Bioethics
(protocol No 5 of 17.05.2014).

Rats were maintained under a constant 12 hlight/dark cycle and an ambient temperature
of 21-23° C, and fed according to a standard dict. Animals were deprived of food for 18 h
before the experiment but had free access to water. The rats were anesthetized with sodium
pentobarbital (BioLab. Brazil) in the dose of 60 mg/kg intraperitoneally (ip). Six rats were
used in each group. The aspirin-related lesions of esophageal and gastric mucosa were
induced via single oral administration of aspirin (Sigma-Aldrich, USA) in a vehicle (1.0 ml)
of 1% carboxymethylcellulose in the doses of 3.0, 10.0, 30.0, and 100.0 mg/kg. ATB-340
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(4-(5-thioxo-5H-dithiol-3-y1) phenyl 2-acetoxybenzoate; H,S-aspirin). a novel hydrogen
sulfide-releasing derivative of aspirin (Antibe Therapeutics Inc; Fig.1), was tested in the
doses of 5.25, 17.5, 52.5, and 175.0 mg/kg per day. In the next series of experiments, the
dose-dependent effect on gastric mucosal integrity was estimated according to the damage
scores after 7 days of aspirin (3.0 and 10.0 mg/kg) and ATB-340 (5.25; 17.5) treatment.

Esophageal and gastric mucosal integrity was graded via damage scores by an
observer unaware of the treatment using the system described previously that takes into
consideration both the number and size of the lesions (Wallace. et al.. 1990; Zayachkivska,
etal.. 2015).

The previous data has shown leucocyte adherence within the gastric microcirculation
after the administration of NSAID. The adherence within mesenteric venules was
examined after the administration of aspirin in the presented study. Examination of the
mentioned vessels does not require an extensive surgery. They were examined using
intravital videomicroscopy (Leitz Wetzlar L25/0.35). Rats were anesthetized with sodium
pentobarbital (60 mg/kg ip). their jugular veins were cannulated for the administration. The
rats were kept in the supine position. The mesentery was carefully placed over an optically
clear viewing pedestal that allowed transillumination of a 2m? of tissue. The mesentery was
superfused with bicarbonate-buffered saline (pH 7.4). Leukocyte adherence was quantified
from the images of the vessels made over 5-minute periods prior to and then 30 and 60
min after intragastric administration of aspirin. Leucocytes were adherent while staying
stationary during 30 s. Rolling leucocytes were defined as white blood cells that moved
slower than erythrocytes in the same vessel. Flux refers to the number of rolling leucocytes
that moved past the reference point in a given period of time (McCafferty. et al.. 1995).

Statistical analysis of the results is presented as the mean values (M) + standard
errors (SE). Statistica 10 software and Microsoft Excel Analysis Tool Pak in Microsoft
Office Excel 2010 incorporating aposterior test with the comparison of middle indexes
after Newman-Keuls criteria for homogeneity the variance were used to analyze the data.

Fig. 1. Chemical structure of 4-(5-thioxo-5H-dithiol-3-y1) phenyl 2-acetoxybenzoate (1) —
Antibe’s H,S-releasing aspirin (ATB-340)
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Differences with p <0.05 were considered as statistically significant.

RESULTS AND DISCUSSION
In the first series of investigations. we investigated the dose-dependent effect of ATB-
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Fig. 2. Dose-dependent effects on gastric mucosal integrity estimated by damage scores after
single administration of aspirin (10.0 mg/kg) and ATB-340 (17.5 mg/kg).

340 in comparison with the influence of classical aspirin and vehicle (control group) on
esophageal and gastric mucosa (Fig.2). Macroscopic and histological features of damage
of the esophageal and gastric mucosa were absent in rats of the control group. The degree
of damage of esophagus mucosa in rats that received ASA macroscopically manifested
with hyperemia of mucosa during administration of the dose of 10 mg/kg, as well as
histologically manifested with ASA-induced esophagitis (shelling of the corneal layer,
loss of keratin, epithelial stratification. thickening of the basal membrane, and formation
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Fig. 3. The ulceration on gastric mucosa caused by aspirin (on the left) and the abcense
of ulceration after ATB-340 administration (on the right) after single administration
of doses 10 mg/kg and 17.5 mg/kg, respectively.
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of an irregular subepithelial edema); in case of ASA application in the doses of 30 and
100 mg/kg. the manifestations included engorgement and perivascular diapedesis in
subepithelial stromal structures. During investigations of aspirin associated changes in
gastric mucosa. the appearance of solitary erosions in case of administration of 3 mg/kg.
and the appearance of ulcerogenic changes in case of administration of 10 mg/kg (Fig. 3).
which were characterized by invariably linear erosions confined to the corpus region of
stomach, were revealed. They were frequently located on the crests of gastric rugal folds.
The influence of ASA in the dose of 30 mg/kg caused multiple ulcers on gastric mucosa.
which were characterized by the damage score of around 28, whereas the dose of 100
mg/kg caused its two-fold increase in comparison to the previous one. The application
of ATB-40 in the doses of 5.25. 17.5. 52.5, and 175.0 mg/kg per day did not cause any

AR A i =

RGES

Fig. 4. Histological appearance of esophageal and gastric mucosa in rats during administration of
aspirin (microphoto A and C, respectively) and ATB-340,
the H,S-releasing aspirin (microphoto B and D, respectively).,

damages in the esophageal and gastric mucosa. Histological examination showed local
slimming and epithelial desquamation of the surface layer into the lumen (Fig. 4). The
described reactions of esophageal and gastric mucosa in case of ATB-340 administration in
the of dose 17.5 mg/kg could be attributed to triggering natural defense reactions. such as
vasodilatative effect of H,S (Wallace. 2010-2015), decreasing of thrombocyte aggregation
(Pircher et al, 2012; Gao L et al, 2014). antiradical activity (Huang et al. 2013). and
anti-inflammatory action (Zanardo et al. 2006), which facilitates the barrier function of
stomach and esophagus providing mucosal integrity of upper part of gastrointestinal tract.

It was established during the course of investigation of leukocyte adhesion by
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Fig. 5. The number of leukocytes that adhere
along a 100 um length of mesenteric venule
(counted by an observer unaware of the
treatment) during single administration of

Fig. 6. Dose-dependent effects on gastric
mucosal infegrity estimated by damage
scores after daily administration of aspirin
(3 and 10.0 mg/kg) and ATB-340

aspirin (10 mg/kg and 17.5 mg/kg)
(*p<0.05 vs control).

(5.25 and 17.5 mg/kg) per 7 days;
(**p<0.01 vs control).

means of intravital microscopy that during the application of placebo. the number of
leukocytes stood at 2, whereas ATB in the dose of 17.5 mg/kg reduced the number of
adherent leukocytes 3.5-fold as compared to aspirin in the dose of 10.0 mg/kg — 7 (p<0.05
as compared to control group) (Fig. 5). In the next series of investigation, during which
preparations were administered for seven days, it was established (Fig. 6) that placebo
did not cause changes of the gastric mucosa. whereas application of aspirin in the dose
of 10 mg/kg caused a three-fold increase in the injury index as compared to aspirin in the
dose of 3 mg/kg (p<0.01 as compared to the control group). Meanwhile, application of
ATB in the dose of 5.25 mg/kg facilitated the appearance of gastric mucosa irritations,
which corresponded to the injury index of 5, whereas the dose of 17.5 mg/kg to the injury
index of 8. The data received allow concluding that 17.5 mg/kg is a safe dose of ATB-
340, which, according to scientific publications - due to the release of hydrogen sulfide —
triggers endogenous multimodal signal systems for resistance to ulcerotrophic factors for
the healing of ulcers (Blackler et al, 2012; Herrera et al, 2015).

CONCLUSION
New compound H,S-releasing aspirin, modification of classical aspirin with
enrichment of H,S, provides a novel approach to the development of “smart drugs™ that
help activate mucosal defense mechanisms in order (o maintain the mucosal integrity
and vascular physiological responses. H,S-aspirin exerts strong cytoprotective and anti-
inflammatory dose-dependent effects on the esophageal and gastric mucosa. An effective
anti-inflammatory and vasoprotective dose of H,S-aspirin with low risk of damage to
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barrier function in upper part of the gastro-intestinal tract is 17.5 mg/kg.
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