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Metaflammation (MF) is associated with visceral adiposities
involved in the metabolic, cardiovascular, and gastrointestinal
disease pathogenesis while their target therapeutic strategy
is still limited. The link between mesenteric white adipocytes
(MA) and stromal-vascular cellular remodeling in advanced
age and Western diet consumption which is the base of MF
remain undiscovered. Hydrogen Sulfide (H,S)-non-steroidal
anti-inflammatory drugs (H,S-NSAIDs) are a promising novel
class of drugs regarding their cytoprotective, regulatory redox
signaling, vasodilatory, and anti-inflammatory effects.

Aim. To study the effectiveness of novel H,S-NSAIDs ATB-340,
a hybrid compound of H,S and aspirin (ASA) over conventional
ASA, and combination of ASA and NaHS on mesenteric cellular
adaptive changes in experimental age- and high fructose
dietary (HFD)-induced injury.

Methods: Mesenteric subcellular adaptive responses of aged male
rats on a standard diet (SD) or 4 weeks HFD that underwent acute
water-immersion restraint stress (WIRS) were evaluated by elec-
tron microscopy. The effects of 9 days exogenous administration
of ATB-340 (17.5 mg/kg/day), ASA (10 mg/kg/day) and sodium
hydrosulfide (NaHS, 5.6 mg/kg/day) were investigated. Serum glu-
cose level, thiobarbituric acid reactive substances (TBARS), and ac-
tivities of cystathionine y-lyase (CSE) and cystathionine B-synthase
(CBS), thiosulfate-dithiol sulfurtransferase (TST), and sulfite oxidase
(S0O) were examined biochemically using spectrophotometry.
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Results: In HFD groups exposed to WIRS treatment with ATB-340 protected MA, as well their
mitochondria, microvascular endothelial, and sub-endothelial structures, fibroblasts were
observed vs the ASA and H2S+ASA-treated groups that had signs of endothelial dysfunction,
MA damage with dysfunctional mitochondria, and mitochondria with fat incorporation. In rats fed
with HFD and ASA treatment, low activities of CSE, CBS, TST and the rise of TBARS level and SO
activity were observed. Treatment with ASA+NaHS, ATB-340 of aged rats lowered TBARS and
enhanced H2S enzyme activities in contrast to the vehicle-treated group (p < 0.05).

Conclusions. Mitochondrial alterations, endothelial damage, and redox disbalance are key
factors for aged rat mesenteric adipose tissue remodeling during Western diet consumption. Our
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results contributing to identifying powerful intervention by effective compound H2S-ASA, novel
H,S-NSAIDs, which has the potential to modulate mesenteric metaflammation, vascular function
by enhancement H,S synthesis and redox regulatory and cytoprotective activities.
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NiYHMX NapaMeTpiB OpraHiaMy 3a ymMoB agan-
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H,S-BUBINbHIOIOUMA HECTEpOoiIiaHUN
npoTtusananbHMi npenapaTt ATB-340 3HMXKYE
Me3eHTepiaNbHOro MeTtasanasjieHHs 3a YyMOB
CTapiHHSA Ta NOLWKOAXKYBaJIbHOIro BrJIMBY
BUCOKO(MPYKTO3HOI liETN

Oner PeBeHko!, Bacunb KoBanuuwunH?, AHTOHIHa AW EHKO?,
xoH J1. Bonnec3®, OkcaHa 3asaukiBcbKal

1 Kagpeapa HopmasibHOI @isiosnorii, JIbBiBCbKU HalioHaibHUMI
MeaNYHWI yHIBepcuTeT iMeHi [aHnna Fanavybkoro, JIbBiB, YKpaiHa
2 Kageapa ricronorii, yntosnorii Ta em6piosorii, J/IbBiBCbKuki
HauioHasnbHWUI MEANYHMI YHIBEPCUTET

imeHi flJaHuna annybkoro, JibBiB, YkpaiHa

3 YHiBepcutet Kanrapi, Kanarapi, KaHaga

MeTazananeHHs (3ananeHHs, noB’s3aHe 3 MeTaboiYyHMMK pO3-
nagaMmn), WO 4acTo acouiioBaHe 3 BiCLepasibHUM OXWPIHHAM,
NeXnTb B OCHOBiI MaToreHesy MeTaboniyHMX, CcepueBO-CYANH-
HWUX Ta raCTpPOEHTEpPOSIOriYHNX 3axXBOPIOBaHb, NMPOTe CTpaTeris
LiIbOBOr0 TepaneBTUYHOro BMJMBY Ha Npouec CbOroAHi 3a-
JNIMLLIAETLCSA HE3'COBaHO. 3anuluatoTbCad HEeAOCTaTHbO A0CHi-
OXXEHUM B3aEMOB'SI30K MiX PEMOZIENOBAHHAM Me3eHTepiasibHUX
aaunoumnTtie (MA) i cTpoOManbHO-CyAUHHUX KITUH Ta MeTasana-
JIEHHAM 3@ YMOB CTapiHHSA OpraHi3aMy Ta MOLWKOAXYBasbHOMo
BMJIMBY «3axigHOi AiETU», WO NOB'si3aHa 3 BUCOKOBYINIEBOAHUM
XxapuyBaHHaM. Ti6puaHi H,S-BMBINbHIOKYI HecTepoigHi npo-
TM3ananbHi npenapatn (H,S-HM3M) npeacrasnawoTs coboto
NMepcnekTUBHUIA HOBUWN Kiac Nikapcbknx 3acobiB 3 ornsay Ha
MOEAHAHHS X LMTOMPOTEKTOPHUX, CYAMHOPO3LLINPIOBASIbHUX,
npoTm3ananbHUX i perynsaTopHUX BNaCcTUBOCTEN LWOAO OKUCHO-
BiAHOB/OBAIbHUX MPOLLECIB.

MeTta. Jocniantn edekTnBHiCTb HoBMUX H,S-HIM3M, Ha npukna-
Ai ATB-340 (ribpuaHa cnonyka — H,S-acnipuH) y nopiBHAHI
[0 3BMYanHoro acnipmHy (ASA) i noeaHaHHs ASA Ta NaHS Ha
ajanTauiriHi 3MiHW Me3eHTepiaslbHUX KNITUH y CTapux LWypis,
O OTPMMYBann BUCOKOMPYKTO3HY aieTy (HFD).

MeToaun. Me3seHTepianbHi aganTauinHi 3MiHW Ha CybOKMITUH-
HOMY piBHi y CTapuX caMuiB LypiB, Wo nepebyBann Ha CTaH-
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[apTHiN pieTi (SD) abo 4-tmxHesinn HFD, Ta iHAYKUii rocTporo BoaHO-iMobinisauinHoro crpecy
(WIRS), ouiHoBanu 3a AOMNOMOroK e€neKTPOHHOI Mikpockonii. [ns ouiHloBaHHSA e(deKTUBHOCTI
ATB-340 BukopucTOBYBanu aes’atmaeHHe B/o BBeaeHHs (17,5 mr/kr/aeHb), ASA (10 mr/kr/
AeHb) i rigpocynbdiga HaTpito (NaHS, 5,6 mr/kr/aeHb). KoHUeHTpauito rioKo3m B CMpoBaTLi
KPOBi, piBHi peakTnBHUX cybcTaHUii TiobapbiTypoBoi kucnotn (TBARS) Ta akTUBHICTb LucTaTio-
HiH-y-nia3n (CSE) Ta umctaTtioHiH-B-cuHTasm (CBS), TiocynbdaT-antrnoncynbdyprpaHchepasm
(TST) Ta cynbdiTtokcmaasm (SO) gocnigxysann 6ioXiMiYHMMN METOAAMU 3 BUKOPUCTAHHSAM Crek-
TpodoToMeTpii.

Pe3ynbtaTthn. Y rpynax ctapux wypis, ki nepebysann HFD Ta otpuMmyBanu ATB-340, BUsSiBNeHO
MeHLUEe MOLIKOAXEHHS Me3eHTepialbHMX aaAunounTiB, IXHIX MITOXOHAPIN, eHAoTeNniasbHUX Ta Cy-
6eHpoTenianbHNX CTPYKTYp remokaninspis i ¢ibpobnacrtis NopiBHAHO A0 rpyn, WO OTPMMyBanu
ASA Ta NaHS+ASA fae BCTaHOB/IEHO O3HaKuM eHAaoTesianbHOI AnchyHKLIiT, nowkoaxeHHa MA Ta
IXHIX MiITOXOHAPIN. Y rpynax cTtapux wypiB 3 HFD BCcTaHOBMEHO HU3bKY akTUBHICTb CSE, CBS, TST,
36inbweHHaM BMicTy TBARS i aktmBHocTi SO. BBeaeHHs npenapaTtiB NaHS, ATB-340 y ctapux
LypiB 3HMXYBano piseHb TBARS Ta nocmntoBano akTUBHICTb EH3UMIB, LLO BiANOBIAAOTb 3a CUHTE3
H,S nopisHaHO Ao koHTponto (p <0,05).

BucHoBKM. MiToXoHApianbHi 3MiHM, eHaoTeNnianbHa ANCPYHKLISA Ta OKMCHO-BIAHOBHUIN Aucba-
JIaHC BUCTYMawTb BUpilanbHUMN akTopaMmn peMofeNntoBaHHS Me3eHTepiasibHOI XMPOBOI TKa-
HUHW Yy CTapux WypiB N4 4ac NowkomkeHb BMKANKaHuX HFD. H,S-ASA (ATB-340), ak npea-
cTaBHMK H,S-HIM3IM mMae noTeHuian 3MeHWYyBaTU Me3eHTepiaslbHE MeTasanasieHHs 3a paxyHoK
NOCUNEHHS CMHTE3Y H,STa perynioBaHHS OKMCHO-BIAHOB/IOBANIbHWU3 NPOLECIB | LUTONPOTEKTOP-
HOT aKTUBHOCTI.

Kno4yoBi cnoBa: bpuxa; agunouuTn; MITOXOHAPII; eHaoTenianbHa AUChYHKUISA; ribpnaHuin
H,S-acouinoBaHnit acnipuH (ATB-340); riaporeH cynbdia (H,S); peaktusHi cybcTaHuii Tiobap-
6iTypoBoi kucnotn (TBARS); uucrtaTtioH ramma-nia3a (CSE); uuncraTioH 6eTta-cuHTasa (CBS); Tio-
cynbdaTt-gutmoncynbdyprtpaHcdepasa (TST); cynbdit-okcnaasa (SO).

Metaflammation (low-grade «sterile» inflam- but recently its contribution to low low-grade
mation related to metabolic processes) is a inflammation, mesenteric white adipocytes
defining characteristic of the early event of (MA) remodeling, and local diminished blood
changes in metabolic physiology which play a flow could result in various pathologies, includ-
crucial role in the development of numerous ing Crohn’s disease, transmural inflammation,
metabolic disorders associated with obesity, fibrosis [11]. Over the last 20 years, the po-
type 2 diabetes (DMT2), non-alcoholic fatty tential of hydrogen sulfide (H,S) for anti-in-

liver, cardiovascular diseases as well as can- flammatory, antiradical, cytoprotective, and
cer [1-4]. Chronic overnutrition and Western metabolic effects was demonstrated [12]. A
diet consumption are the key links to meta- growing body of evidence indicates that H,S is

flammation and insulin resistance while its unique in its ability to integrate different types
implication to accelerated aging, as a basis of intercellular inputs and to translate them
for «inflamm-aging», still lacks evidence [5, into intracellular signaling pathways respon-
6, 7]. Since the recent coronavirus disease sible for pleiotropic processes [13]. However,
(COVID-19) pandemic outbreak has shown the effect of H,S enzymatic activities of Cysta-
the dangerous outcomes of a combination of thionine y-lyase (CSE, EC 4.4.1.1) and Cysta-
COVID-19 comorbidities related to obesity and thionine B-synthase (CBS, EC 4.2.1.22), which
DMT?2 associated with the increased global rate act within the «transsulfuration pathway»,
of mortality among aged patients, the patho- Sulfite oxidase (SO, EC 1.8.3.1) and Thiosul-
genetic-based therapy for metabolic disorders fate-dithiol sulfurtransferase (TST, EC 2.8.1.5)
is urgently needed [8, 9]. Anatomical and func- pathways that act within the sulfide oxida-
tional changes in white adipocyte tissue during tion pathway and could reprogram mitochon-
aging have been noted some time ago [10], drial bioenergetics during metaflammation is
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still lacking. Since the experimental evidence
has shown that mitochondrial dysfunction is a
prominent characteristic of several metabolic
pathways [14], we hypothesized that donors
of H,S synthesis could preserve mesenteric
tissue and result in the improvement of ex-
perimentally-induced metaflammation in age-
and dietary fructose-induced animal models
associated with metabolic alteration related to
mitochondrial dysfunction. Accordingly, recent
reports in both preclinical and clinical studies,
have a new pharmacological approach associ-
ated with promising effects of exogenous H,S
treatment and hybrid H,S-releasing non-ste-
roidal anti-inflammatory drugs (H,S-NSAIDs)
for preventing oxidative stress, vasodilatation,
anti-inflammatory potency for their gastroin-
testinal safety [15, 16, 17]. Despite numer-
ous reports on the effect of metabolic toxemia
during the Western diet with an overload of gly-
cemic carbohydrates on white adipocyte tissue,
there are no studies of H,S-NSAIDs efficiency
in case of age-related changes and the effect of
high fructose diet on the gradual loss of phys-
iological integrity of MA and mesenteric stro-
mal-vascular cells as in the initiation and de-
velopment of metaflammation [18]. Previously
discussed promising results formed the basis of
this study aimed at investigating the treatment
by H,S-aspirin (H,S-ASA) vs conventional as-
pirin (acetylsalicylic acid, ASA) effects on mes-
enteric adipocytes and stromal-vascular cells
of aged rats in the context of metaflammation
process related to high fructose diet (HFD).

Materials and methods

All experiments were performed on male aged
Wistar rats (age = 42-46 weeks, N=60) in
compliance with the norms of laboratory animals

Original research: Basic sciences

under the ARRIVE guidelines and the EU Directive
2010/63/EU for animal experiments and the
local animal care committee at the Danylo
Halytsky Lviv National Medical University’s Ethics
Committee (protocol 23/04/2018 N¢ 4). All
efforts were made to minimize animal suffering
and reduce the number of animals used.
Experimental Protocol

Animals were keptunder standard environmen-
tal conditions and randomly assigned to ten
experimental groups (n = 6). Figure 1 shows
the design of the study.

Rats in control groups had free access to water
and were fed based on a standard diet (SD),
others received a high fructose diet (HFD) for 28
days [19]. The acute stress by water-immersion
restraint stress (WIRS) model was induced on
the 29th day of the study to investigate adap-
tive reactions to acute injury [20]. The rats’ ini-
tial and the final body weights were recorded
by an RN 10C13U, 100 g-10 kg, £5 g (Vaga,
Kyiv, Ukraine). Rat blood glucose concentra-
tions were measured daily after 15 h of fasting
(18:00 — 9:00) using a glucometer (Achtung
TD-4207, Munich, Germany) on a blood sample
taken from the tail vein. At the end of the exper-
iments, all rats were deprived of food for 12 h.
For euthanasia, rats were deeply anesthetized
with an intramuscular injection of ketamine (60
mg/kg; Biovet, Bila Tserkva, Ukraine). Then, the
blood was collected from the sacrificed animals
and samples of the mesenterium tissue associ-
ated with the small intestine were resected.

Animals were subdivided into a control group
with SD, and experimental groups receiving
hypercaloric HFD for 28 days, with and without
acute WIRS. To evaluate the efficiency of novel

Standart diet / High fructose diet
|

lsti day
initial body mass
measurement

Experiment days

20 ™ day 29 day
9-day treatment
: b 4
NaHS, ASA, ﬂ
ATB-340 |WIRS

Fig.1. Study design
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H,S-NSAID substances considered as H.,S,
donors were used from the 19th day of the
experiment for rat treatment (during 9-days —
intragastrically): NaHS at a dose of 5.6 mg/kg/
day; ASA 10.0 mg/kg/day and NaHS, 5.6 mg/
kg/day; ATB-340 (H,S-NSAIDs from Antibe’s
drug platform, Canada) 17.5 mg/kg/day. The
administration of ASA, NaHS and ATB-340 was
performed in the previously tested doses [21].

The cellular and subcellular investigation via
electron microscopy

For the cellular and subcellular analysis, the
mesenteric material associated with the small
intestine was fixed with a 2% solution of osmi-
um oxide (0sO,) eV 0.10 mol/L phosphate buf-
fer. Subsequently, mesenteric material was pro-
cessed according to generally accepted methods.
Ultrathin sections (30-60 nm) were made using
an ultramicrotome UTMTP-3M (Sumy Electron
Optics PKF, Sumy, Ukraine) and after Reynolds
staining, they were photographed and examined
using an electron microscope <«UEMV-100K»
(Sumy Electron Optics PKF, Sumy, Ukraine)
for magnification by 4,000, 6,000 and 10,000
times. Histologic microphotos were examined by
two experienced researchers who were unaware
of the treatment. About 15 different cells in each
sample were analyzed per rat.

Determining TBARS levels and CBS, CSE, SO,
and TST activities

Plasma TBARS levels were evaluated by as-
saying a reaction with thiobarbituric acid. Lip-
id peroxidation products from a red-stained
complex which is extracted with butanol were

Original research: Basic sciences

received. Test tubes containing serum were
cooled at room temperature and maximum
light absorbance was measured at 535 nm us-
ing a UV-visible spectrophotometer (Apel PD-
303, Saitama, Japan) [19, 20]. The resected
mesenteric material was washed with cold
1.15% potassium chloride solution, after which
the mucous membrane was separated and ho-
mogenized in a medium of 1.15% potassium
chloride in a ratio of 1:4. The mesenteric ho-
mogenates were centrifuged at 600 g and 40°
C for 30 minutes to obtain a post-nuclear frac-
tion. The samples of mesenteric homogenates
were evaluated for catalytic activities of CBS,
CSE, SO, and TST (nmol/min*1 mg of protein),
using a modified version of the method by Sti-
panuk, M.H. and Beck, P.W. [22, 23].

Statistical analysis

All results were evaluated using Statistical Anal-
ysis System and visualization program Statistica
7.0 (StatSoft, Informer Technologies, Inc.) and
expressed as mean * standard deviation for
a series of experiments. A paired Mann-Whit-
ney U-test was used for comparisons of paired
treatments between two groups, and one-way
ANOVA using Dunnett’s test was performed to
compare different experimental groups with a
control group. Statistical significance was set to
p values < 0.05.

Results

The general characteristic of all rats related
to baseline and final body weights and
fasting glucose levels are represented in
Table 1. HFD induced changes in final body

Table 1

Changes of baseline and final body weights and fasting glucose levels under
circumstances of administration ATB-340 and aspirin (ASA)-induced mesenteric injury
in aged rats fed by high fructose diet (HFD) and control rats fed by standart rats (SD)

SD SD SD+ASA SD SD + HFD HFD HF[S);A_ HFD HFD

+ASA +ASA +NaSH +NaSH ATB- +LASA +ASA +NaSH +NaHS ATB-

(n=6) +WIRS +WIRS +WIRS 340 (n=6) +WIRS +WIRS +WIRS 340
(n=6) (n=6) (n=6) | (n=6) (n=6) (n=6) (n=6) | (n=6)

Baseline body weight | 252 253 256 256 256 254 254 257 256 258
(9) +28 +25 +26 +22 +2 +30 +23 +23 +27 +25

Final body weight 277 280 277 275 275 451 457 452 455 451
(9) +28 +24 +25 +18 +19 +32 +22 +34 +28 +14
Baseline fasting glu- 6,5 6,7 6,5 6,5 6,6 6,5 6,5 6,5 6,6 6,4
cose (nmol/L) +0,3 +0,3 +0,2 +0,3 +0,3 | +0,3 +0,3 +0,4 +0,4 +0,4
Final fasting glucose 6,7 6,8 6,7 6,7 6,6 8,4 8,6 8,4 8,3 8,2
(nmol/L) +0,4 +0,4 +0,3 +0,4 +0,4 | £0,7 +0,6 +0,4 +0,6 +0,7
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weight and final fasting glucose but we did
not find significant differences vs animals
fed with SD.

Electron Microscopy of mesenteric adi-
pocytes and endothelial changes in aged
rats fed with HFD and NaHS and ATB 340
treatment

Transmission electron microscopic stud-
ies of aged rat mesenteric material fed with
SD demonstrated typical white monovacuo-
lar adipocytes with microvessels, fibroblasts
(Figure 2). The endothelial cell has an in-
creased elongated nucleus with invaginations
of the nuclear membrane, intact microvilli
and blood cell in the lumen (Figure 2 A), and
connective tissue of the mesentery fibroblast
with collagen fibers (Figure 2 B). High-mag-
nification electron micrographs of mesenteric
adipocytes from rats fed with HFD and aspirin
treatment showed partly degenerated hyper-
trophic fat drop and plenty of defective ring-
like mitochondria in the cytoplasm (Figure 3
A). Rats fed with HFD showed stress with the
treatment of aspirin white adipocytes were
degenerative with small fat drops, defec-
tive ring-like mitochondria, and lipid-laden
phagolysosomes in the peripheral cytoplasm
(Figure 3 B). In rats fed with HFD exhibiting
WIRS (Figure 4) with the treatment of aspirin
mesenteric white adipocytes were hypertro-
phic and degenerative with plenty of smallest
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light electronic density fat droplets in periph-
eral cytoplasm (Figure 4 A), fibroblasts with
vacuolation of the fibroblast’s cytoplasm,
and incorporated lipid droplets (Figure 4 B).
High-magnification electron micrographs
showed their capillaries exhibiting congestion
(see deformed capillary lumens), associated
with perivascular and inter-stromal edema
(arrows) with many microvilli (Figure 4 C).
After the administration of aspirin with NaHS,
the donor of H2S synthesis was considered,
the mesenteric white monovacuolar adipo-
cyte had few lipid droplets at the periphery
of the cellular cytoplasm and a large adipose
vacuole devoid of the membrane (arrow).
After treatment of ATB-340, the well-pre-
served nucleus between two white monovac-
uolar adipocytes showed the internalization
of free lipid derived from the degenerating
adipocytes, and the well-preserved capillary
was between three white monovacuolar adi-
pocytes with single lipid droplets.

Effect of NaHS, ATB 340 on TBARS levels
and modulate activities of CBS, CSE, SO,
and TST

Since age and HFD-induced metaflammation is
characterized by the development of oxidative
injury, we determine the relevance of our his-
tological subcellular findings in mesenterial ma-
terial by the investigation of TBARS (Figure 5).
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Fig. 2. Representative pictures of ultrastructural examination of mesenteric material harvested from the area associated
with the rat’s small intestine of aged animals on a standard diet and aspirin treatment. A: The fragment of the typical white
monovacuolar adipocyte with the connective tissue of the mesentery with the presence of belonged hemocapillary with the

endothelial cells with increased elongated nucleus with invaginations of the nuclear membrane and red blood cell in its lumen

(original magnification x6000). B: A fibroblast with collagen fibers belonged to adipocyte (original magnification x8000)
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Fig. 3. Representative pictures of the effect of fructose diet and stress induction on ultrastructural examination of mesenteric
material harvested from the area associated with the small intestine of aged rats with aspirin treatment (A) and exhibiting
acute stress (B). A: Fragment of adipocyte with defective (ring-like) mitochondria (original magnification x10000); B:
Many smaller peripheral lipid droplets and lipid-laden phagolysosomes (arrows) are present in the marginal cytoplasm of
adipocytes with defective mitochondria (original magnification x6000). Red dots mark ring-like mitochondria
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Fig. 4. Representative pictures of the effect of aspirin (A-C), the combination of aspirin and NaHS (D), and ATB-340
(G-H) on the ultrastructural changes of mesenteric material harvested from the area associated with the small intestine
of aged rat on a high fructose diet and exposed to stress

: The ultrastructure of fragments of three typical white adipocytes with evidence of fat fragmentation with the formation
of several small fat drops and detective mitochondria in the cytoplasm (original magnification x4000).

. A fibroblast with vacuolation of the fibroblast cytoplasm and lipid droplets released from the degenerating adipocyte
(original magnification x8000).

: The blood capillary belonged to adipocyte, the capillary basal membrane was uneven, fuzzy contoured, the endothelial
cell had enlarged nucleus, the perivascular and inter-stromal edema is present (arrows), the collagen fibers in the
perivascular space (original magnification x10000).

. A typical white monovacuolar adipocytes with lipid droplets at the periphery of the cell and a large adipose vacuole
devoid of the membrane (arrow).

: The well-preserved nucleus of white monovacuolar adipocytes with the internalization of free light electronic density
fat droplets (original magnification x6000).

: The well-preserved capillary between three white monovacuolar adipocytes with single lipid droplets (original

magnification x4000)

In groups of aged rats fed with SD and treated
by ASA, the TBARS content was 4.37+0.25 pM/L
(p < 0.01). In HFD-fed rats treated by ASA, the
levels of TBARS increased by 11.6% in aged
groups (4.88+0.17 uM/L) in comparison to the
results of SD-fed groups (p < 0.05). The effect
of WIRS caused changes in the content of TBARS
in rats treated ASA and fed HFD TBARS was
significantly increased 56% (up to 7.64+0.26
pM/L). It was also found that administration
of NaHS, ASA with NaHS, and ATB-340 in rats,
exposed to stress significantly reduced TBARS.
Quantitative measurement of effect of ATB-340
demonstrated decreased in 32% (p < 0.05) vs
ASA+HFD fed group. It could be interpreted as
an anti-oxidative effect of ATB-340.

To further understand the efficiency of ATB-340
in comparison to conventional aspirin or H,S
donor NaHS and their combination, in meta-
flammation injury, the expressions of CBS, CSE
TST and SO activities involved in endogenous
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Fig. 5 TBARS levels in aged rats fed with a standard diet
(SD) or high fructose diet (HFD) without and with H2S
releasing therapy (NaHS, ASA and ATB-340) and induction
of acute stress (n = 6); (p < 0.05) vs SD fed groups
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H,S signaling were investigated (Fig. 6 and 7).
In aged rats on SD and ASA treatment, the ac-
tivities of CBS, CSE, TST and SO were reach-
ing 0.81+0.06 nmol/minx1 mg of protein,
1.1£0.07 nmol/minx1 mg of protein 1.0+£0.04
nmol/minx1 mg of protein, and 3.61+0.1 nmol/
minx1 mg of protein, respectively. In animals
on ASA treatment and fed with HFD exposed to
WRIS, enzyme activities were decreased (CBS,
CSE, TST) and increase SO activity in rats com-
pared to SD-fed rats. Aged rats on HFD had
much lower activity of CBS — 53%, CSE —
55%, TST — 29%, and SO — 31% compared
to SD group (p < 0.05). In contrast, the expres-
sion of CBS, CSE, and TST showed a tendency
to decrease in the aged rats on HDF, they have
lower enzyme activities of CBS, CSE, and TST
versus aged rats on SD. Notably, the increased
activities of all H,S-related enzymes during in-
duction WIRS were recorded, except SO, which
decreased (Fig. 7 A, B). We found, that in rats
exposed to stress on HFD, the efficiency of treat-
ment by ATB-340 was similar to NaHS. These
results indicate that ATB-340 has the potential
for regulating redox dysbalance in rats during
mesenteric injury induced by aging and HFD.

Discussion

In recent years, the importance of visceral
white adipocyte tissue was revealed, with their
functional roles depending on their location,
cellular composition, humoral mediators (ad-
ipokines, cytokinins) [24]. The etiology of
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obesity is still not fully elucidated, but it in-
volves a complex interaction between envi-
ronmental, host genetic, metabolic and un-
controlled immune-derived factors that are
responsible for metaflammation. Mesenteric
white adipocyte remodeling has the potential
to produce inflammatory mediators such as
adipokines, cytokines TNF-a, IL-6, and IL-1j,
hereby increasing tissue destruction and in-
ducing inflammation even more in local tis-
sues, but the whole understanding of the link
of its remodeling and metaflammation is still
incomplete [25, 26]. Studies in vivo rodent
models based on high fructose diet have con-
tributed significantly to our understanding of
the molecular events involved in remodeling
of white adipocytes and metaflammation and
their outcomes [27]. We found that in aged
rats fed with 28-day HFD of mesenteric ad-
ipocyte tissue remodeling demonstrated his-
tological changes: degenerative adipocytes
containing detective mitochondria, vessels
with perivascular edema, and fibroblasts
with incorporated fat drops. Recent advanc-
es in understanding the role of mitochondria
in numerous physiological processes, includ-
ing energy supply, excess of reactive oxygen
species, oxidative stress, and H,S signaling,
indicate their important role in metaflamma-
tion [28, 29]. Decreased bioavailability of H,S
during less catalytic activities of CBS, CSE,
and TST promotes changes in the endothe-
liocytes toward a vasoconstrictive and pro-in-
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Fig. 6. Activities of Cystathionine-B-synthase (CBS), Cystathionine-y-lyase (CSE) in aged rats (n = 6) fed with a
standard diet (SD) or high fructose diet (HFD) without and with H,S releasing molecule compound therapy (NaHS, ASA,
and ATB-340) and induction of acute stress (p < 0.05) vs SD fed group
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Fig. 7. Activities of Sulfide Oxidase (A, B) and Thiosulfate-dithiol sulfurtransferase (TST) (C, D) in adult (A, C) and aged
rats (B, D) (n = 6) fed with a standard diet (SD) or high fructose diet (HFD) without and with H,S releasing molecule
compound therapy (NaHS, ASA and ATB-340) and induction of acute stress; (p < 0.05) vs SD fed groups

flammatory state. Several current clinical and
experimental studies showed the prominent
effects of H,S-NSAIDs mostly based on potent
anti-oxidant, anti-inflammatory, and regulato-
ry redox system influences which are essen-
tial to maintain metabolic homeostasis and
dysregulated visceral adipocytes [30, 31, 32].
These observations led us to speculate that
novel H,S-NSAIDs may induce cytoprotective
and mitoprotective effects. Even though we
found a significant difference in ultrastructur-
al signs of MA mitochondrial injury in the ex-
perimental metaflammation model, during the
administration of H,S donors, the detective
mitochondria in MA were lower. Our findings
are in agreement with the latest studies in the
pathogenesis of obesity, which have recently
shown the impairment of endogenous H,S sig-
naling [33, 34]. Besides, our finding of nov-
el H,S-NSAIDs ATB-340 anti-oxidant effects
related to decreased TBARS and modulation
activities of H,S enzymes will enhance under-
standing of their bioregulatory role on redox
balance, underlying molecular mechanisms of
metaflammation during aging and overload
by high caloric fructose based diet [35], as
well as will helpful for the discovery of novel
therapeutic strategy able to ameliorate meta-
flammation. These findings were confirmed by
transmission electron microscopic studies of
efficiency ATB-340 on mesenteric adipocyte
remodeling, as well as mitoprotective and cy-
toprotective effects on the mesenteric stro-
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mal-vascular cells and decreased metaflam-
mation. To sum up, the present study is the
first demonstration of the role of aging and
overload of fructose as a driving force of mes-
enteric adipose tissue maladaptive responses
which contribute to metaflammation and effi-
ciency of H,S-aspirin in its ameliorating. Mi-
tochondrial alterations, endothelial and fibro-
blastic damage, and redox disbalance are key
factors for aged rat mesenteric adipose tissue
remodeling during HFD injury. H,S-ASA, nov-
el H,S-NSAIDs have the potential to modulate
mesenteric metaflammation by enhancement
H,S synthesis and redox regulatory and cyto-
protective activities.

Future perspectives: These findings may
contribute to a better understanding of the
cellular/molecular mechanisms of mesenteric
adipose remodeling pathogenesis, and pro-
vide new targets for the treatment of these
disorders.
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