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ABSTRACT

Aim. To assess the anti-inflammatory and gastroprotective effects of ethowurtzine compared to the reference
drug diclofenac in a rat model of chronic inflammation; to evaluate the influence of ethowurtzine on nitric oxide
production as a possible mechanism of its anti-inflammatory effects.

Materials and methods. The object of the study was a new patented ethowurtzine from the class of hexaazaizow-
urtzitane derivatives with an acceptable safety profile.

The gastroprotective and anti-inflammatory effects of ethowurtzine compared to diclofenac were studied in a
model of chronic inflammation using 69 female SD rats. The compound (12.5-100 mg / kg) and a non-selective
COX inhibitor diclofenac (5 mg / kg) were administered intragastrically for 7 days, 1 hour before subcutaneous
implantation of a cotton swab. On day 8, the proliferative response (%), the exudative response (%), and the
ulcerogenic effect of the compounds were assessed.

Nitric oxide (NO) synthesis by macrophages obtained from peritoneal cavity of 25 C57Bl/6 mice (in vitro
inflammation model) was evaluated by the concentration of nitrites in the cell supernatant after incubating
cells in the presence of ethowurtzine and / or lipopolysaccharide (LPS) for 48 hours. The classical MTT test
(3-[4,5-dimethylthiazol-2-yl1]-2,5-diphenyltetrazolium bromide (MTT, Sigma, USA)) was used to assess the effects
of ethowurtzine on macrophage proliferation.

Results. A comparative study of ethowurtzine and diclofenac in a rat model of chronic inflammation revealed the
predominant anti-exudative effect of the new substance and a suppressive effect on granulation tissue proliferation
comparable to that of NSAID.

The macroscopic examination of the gastric mucosa in rats receiving ethowurtzine did not reveal any ulcer
damage. On the contrary, in 30% of the rats receiving diclofenac, the severity score of ulcer was 2. In the in
vitro inflammation model, the addition of LPS to the macrophage culture resulted in a significant increase in
NO synthesis. The introduction of ethowurtzine at different concentrations together with LPS dose-dependently
reduced the NO production. A statistically significant decrease in the NO synthesis was noted at high doses of the
test substance compared to the group of isolated LPS use. However, the introduction of ethowurtzine at different
concentrations together with LPS did not cause statistically significant changes in the proliferation of macrophages
compared to the group with the isolated LPS use.

Conclusion. The newly synthesized ethowurtzine had a pronounced anti-inflammatory effect and caused a significant
decrease in granulomatous infiltration and exudative edema in the chronic inflammation model. Suppression of the
NO synthesis is one of the possible mechanisms in the anti-inflammatory effect of ethowurtzine. The obtained
data allow to suggest possible administration of the new patented analgetic ethowurtzine in chronic pain treatment
associated with inflammation.
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].Ie.]'l])! H3YYCHUE TIPOTUBOBOCIAIUTEIIBHOTO W TaCTPONMPOTEKTUBHOI'O JIEUCTBUS 9TOBIOPIIMHA B CPABHCHUU C
,HI/IKJIOCI)eHaKOM Ha MOJEJIA XPOHUYCCKOT'0 BOCAJICHUA; NCCIICTOBAHUE €TI0 BJIUAHUA Ha MPOAYKIIUIO OKCHU A a30Ta.

Matepuajbl 1 MeTobl. OOBEKT HCCIIEI0BaHNs — BIICPBbIC CHHTE3MPOBAHHBII STOBIOPLIMH M3 KJlacca reKcaasau-
30BIOPLUTAHOB C IPUEMJIEMBIM NTPOdHIeM 6€30IaCHOCTH.

lacTpo3amuTHOE M TPOTUBOBOCIIANNTENBHOE ACHCTBHE STOBIOPIIMHA B CPABHEHUH C TUKJIO()EHAKOM HCCIEI0BAIN
Ha MOJIEJIM XPOHHYECKOTro BocnajeHus y 69 camok kpsic ctoka SD. Bemectso (12,5-100 Mr/kr) u HecTepoua-
Hoe npotuBoBocnaiutensHoe cpeactBo (HIIBC) (5 Mr/kr) BBOAWIN per os B TeueHHe 7 CyT, HaUMHAs 3a 1 9 10
MOJIKOKHOW MMITTAHTALMH BaTHOTO TamrioHa. Ha 8-if cyT skcnepuMenTa oneHHBaiu nponudepatusHyto (%) u
9KCCYIaTUBHYIO peakiuio (%), yIbLeporeHHOe JeiCTBUE BEIIECTB.

Ha moznenm Bocmanenus in vitro npoxykiuio okcuza asora (NO) makpodaramu (M), momydeHHyIo U3 mepu-
TOHHANBHOH monoctu 25 mbrmel muann C57Bl/6, omeHmBanym 10 KOHIEHTPAIMM HUTPUTOB B CyIIepHATaHTE
KJIETOK TTocie 48-9acoBOTO KyJIbTHBHPOBAHHS B NMPUCYTCTBHU PA3IMIHBIX KOHIIGHTPAILWH 3TOBIOPIMHA U (WIIH)
mmnonucaxapuaa (JIIIC). Bimsane sToBroprmHa Ha mponudepanuio Makpodaros ompenemsi B tecte MTT
(3-[4,5-dimethylthiazol-2-yl1]-2,5-diphenyltetrazolium bromide (MTT, Sigma, CIIIA)) B mu3ate MO.

Pe3yabTaThl. CpaBHUTENBHOE HCCIEA0BAHNE STOBIOPLIUHA U TUKIO(EHAKA HA MOAEIH XPOHHUECKOTO BOCTIATIEHHS
Y KPBIC BBISIBHJIO MPEUMYLIECTBEHHOE aHTHIKCCYIATUBHOE JelcTBHE BeulecTBa mpu cpasHumoM ¢ HIIBC moxa-
BIIAIOIIEM BIUSIHUM HA TPONU(EPAINIO TPAaHy IIIUOHHON TKaHM.

B cnusucToit 06010UKe CTEHKHU KeTyAKa Y KPbIC, MOTYYaBIINX STOBIOPIIMH, HE 00HAPYKEHO SI3BEHHBIX IECTPYK-
muit. Hampotus, y 30% >KHBOTHBIX, MOJYYaBIIMX TUKIOPEHAK, TSKECTh YIIBIECPOTCHHOTO TTOBPEKICHUS COCTa-
Buta 2 Gamna. Ha Mojienu BociasieHus in vitro BHECEHHE STOBIOPIMHA B PA3IMYHBIX KOHIICHTPAIUAX COBMECTHO
¢ JITIC cHmxaso BeIpabOTKY OKCHIA a30Ta, a MPH KCIIOIb30BAHHH BBICOKUX 103 BEIIECTBA HAOIIOIAIOCH CTATH-
CTUYECKH 3HAaUMMOe yMeHbleHue npoaykuuu NO 1o cpaBHeHUIo ¢ rpynnoi npumenenus JINC. Opnako nucnosb-
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30BaHKe dToBIOpIMHA coBMecTHO ¢ JITIC He 0Ka3bIBaslo CTATHCTHYECKH 3HAYMMOTO BIHMSHHS Ha TPONU(EpaIHio
Makpo(aroB 0THOCHTEIbHO Tpymibl mpumeHenus JIIIC.

3akiaouenue. CpaBHUTEIHLHOE UCCIIEIOBAHUE POTUBOBOCIIANIUTEIBHOTO JCHCTBUS BIIEPBbIE CHHTE3UPOBAHHOTO
STOBIOPLMHA HA MOJIEJIM XPOHUYECKOTI0 BOCHAJIEHUS Y KPBIC BBISIBUIO €ro MPEUMYILECTBEHHYIO aKTUBHOCTh OT-
HOCHUTEIBHO TUKIIO(EHAKA U OTCYTCTBUE FACTPOTOKCHYHOCTH. [TomydeHHbIC pe3ybTaThl CBUICTEILCTBYET 00 €ro
aJbTEPHATUBHOM MEXaHH3ME IPOTHBOBOCIAIUTEIBHOTO JACHCTBHUS, HE CBA3aHHOM C MHTUOMPOBAHHUEM IIUKJIOOK-
cureHasbl. [loaBieHne BpIpaOOTKH OKCHJIA a30Ta MOXKET OBITh OJIHUM U3 MEXaHU3MOB €TI0 MPOTHBOBOCIAINTEITb-
HOT'O JICHCTBHUSI.

KiroueBrble ciioBa: reéxkcaa3zau3oBHOpLHUTAaH, STOBIOPIUH, BOCHAJICHUE, TACTPOTOKCUYHOCTDH, OKCUI a30Ta

KondaukTt nHTepecoB. ABTOPHI AKIAPUPYIOT OTCYTCTBHE SBHBIX U MOTEHIMAIBHBIX HHTEPECOB, CBSI3AHHBIX C
myOIMKaMel HaCTOSIIEH CTaThH.

Hcrounuk ¢uuancupoBanmsi. PaGoTa BBINONHEHA B paMKax pealu3allddl TEeMbl TOCYIapCTBEHHOIO 3aaHHs
(122020200058-6) «Ilouck, paspadboTka 1 U3y4eHUE MEXaHU3MOB JACHCTBUS CUHTETHYECKUX U IIPUPOAHBIX OHOJIO-
I'MYECKH aKTHBHBIX CyOCTaHIMH, TOJyYEHHBIX, B TOM YUCJIe, HA OCHOBE OMOTEXHOJIOT UL, IS (hapMaKOIOTHIECKOM
KOPPEKINH PA3INYHBIX ATOJOTMYECKUX HPOIECCOBY.

CootBercTBHe mnpuHOHNAM JTHKH. lVccrenoBanue ono00peHo kommccuedt mo ©Oumostuke HUMOuPM
nm. EJI. Fonpi6epra (mpotokon JACUC Ne 19212021 ot 21.12.2021).

Jast uuruposanus: KpoutoBa C.I'., Kucenesa E.A., Kynaruna [I.A., Epemuna B.B., lllepcro6oes E.1O., Jlura-
yeBa A.A., Peibankuna O.10., 3yesa E.I1., Ceicomsarun C.B., XXnanos B.B. I[IporuBoBocnanuTenbHblii 3GHeKT
U BO3MOYKHBIF MEXaHHM3M JICUCTBHS aHAJbICTHKA TOBIOPIMHA M3 KJIacca T'eKCaa3an30BIOPIUTAHOB. broiemens
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INTRODUCTION

Inflammation is a universal pathological process
that underlies many nosologies, varies in clinical
manifestations, and is one of the central problems in
the treatment of pain syndromes of various etiologies
[1-4]. The modern concept of analgesic therapy
involves an integrated approach with the use of drugs
and treatment methods and affects different chains of
the pain pathogenesis [1-6]. The use of nonsteroidal
anti-inflammatory drugs (NSAIDs) as first-line therapy
is associated with a big role of inflammation in the
development of pain responses [1, 3, 6]. According
to the literature, hundreds of substances containing
steroidal and non-steroidal anti-inflammatory agents
have been synthesized worldwide over more than 140
years to control the inflammatory process [3—6].

Despitethe factthatdrugs fromotherpharmaceutical
groups, in particular some psychotropic, neurotropic
drugs, antihistamines, alpha- and beta-receptor
agonists, and others, somewhat resemble NSAID
action [4, 5], NSAIDs still remain the main drugs
for suppressing inflammation, pain, and fever [1, 6].
Nonetheless, the risk of developing dangerous adverse
effects, primarily in the gastrointestinal tract [2] and
the cardiovascular system (gastroduodenopathy,
nephro- hepato-, and hematotoxicity, cardiovascular

diseases, etc.) significantly limits the use of NSAIDs
even with high therapeutic efficacy [1-3]. Searching
for and designing new analgesics with different action
mechanisms and combined anti-inflammatory and
analgesic effects, which can become a safe alternative
to NSAIDs, remain urgent.

The development of a prototype of the efficacious
non-toxic analgesic thiowurtzine (120 mg capsules)
based on a first-in-class molecule from the
hexaazaisowurtzitane class has marked the beginning
of a priority national research area — modeling
pharmacologically active candidate molecules
from a pharmacophore — a high-energy compound
2,4,6,8,10,12 hexaazatetracyclo[5,5,0,0*!1,0°9]
dodecane (hexaazaizowurtzitane) [7, 8]. Within this
research area, the compound 4,10-di(ethoxyacetyl)-
2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyc
10[5,5,0,0*>!1,0>°] dodecane (ethowurtzine) from the
class of hexaazaizowurtzitanes was first synthesized
at the Institute for Problems of Chemical and
Energetic Technologies [9]. The analgesic effect of
the substance is comparable and superior in some
parameters to the activity of the reference agent
tramadol in models of the somatogenic pain of
various origin [8, 9]. The statistically significant anti-
exudative activity of ethowurtzine was revealed to be
comparable to that of diclofenac only in carrageenan-
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induced edema when evaluating the anti-inflammatory
effect of ethowurtzine in models of carrageenan- and
histamine-induced inflammation [9, 10]. In a model
of chronic inflammation, the substance is not inferior
to the selective cyclooxygenase (COX) inhibitor
meloxicam in terms of the studied parameters of
anti-inflammatory action, while demonstrating no
ulcerative damage to the gastrointestinal mucosa
secondary to the death of animals in the NSAID group
due to severe gastrotoxicity [10]. It is advisable to
examine experimentally the anti-inflammatory and
ulcerogenic effects of ethowurtzine compared to the
non-selective COX inhibitor diclofenac and a possible
mechanism of the specific activity of the substance.

The aim of this study was to assess the anti-
inflammatory and gastroprotective effects of
ethowurtzine compared to the reference drug
diclofenac in a rat model of chronic inflammation, as
well as to evaluate the influence of ethowurtzine on
nitric oxide production as a possible mechanism of its
anti-inflammatory effects.

MATERIALS AND METHODS

The experiments were carried out on 69 mature
female SD rats of the first category (172—176 g), which
were obtained from the Department of Experimental
Biomodeling of Goldberg Research Institute of
Pharmacology and Regenerative Medicine of Tomsk
NRMC. Animal housing and the experimental design
were approved by the Bioethics Committee of Goldberg
Research Institute of Pharmacology and Regenerative
Medicine of Tomsk NRMC (IACUC Minutes No.
19212021) and complied with Directive 2010/63/EU
of the European Parliament and the European Union
Council and GOST R no. 33044-2014 “Guidelines for
Good Laboratory Practice” dated August 01, 2015.

The experimental design, sample size, experimental
protocol, and choice of statistical analysis methods
were determined optimally for this type of study and
allowed for the acquisition of reliable data for result
interpretation. The animals were divided into groups
randomly using body weight (£10%) as a criterion.
The animals were euthanized in a CO, chamber.

Thesubstrateforthestudywas4,10-di(ethoxyacetyl)-
2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracy
clo[5,5,0,0*!,0>]dodecane  (hereinafter  referred
to as "the ethowurtzine") from a new class of
hexaazaizowurtzitanes, with an acceptable safety
profile (LD,,> 2,000 mg/kg with no animal lethality).
This molecule is a colorless crystalline product with
an assay of 99.6% (as per the HPLC method) and a

melting point of 230.5-231.5 °C. The ethowurtzine is
water-insoluble.

Ethowurtzine was administered per os through
an atraumatic probe in the dose range of 12.5—
100 mg/kg [11]. The reference drug diclofenac (Ozon
LLC, Russia) was administered per os at a dose of
5 mg/kg, equivalent to the average daily dose for
humans; purified ampoule water was used as the
solvent [5]. Purified water was used as the solvent
for the ethowurtzine, with an addition of 20 pl Twin-
80 (Polysorbate LAUROPAN T/80, Italy) per 1 mL
water. The substances were administered at 0.7 mL
solvent / 200 g rat body mass. The animals in the
control group had a water — Twin-80 solution received
in a similar fashion.

Chronic inflammation [11] was modeled in
female SD rats. A sterile cotton swab (13 mg) was
implanted under the spinal skin using a needle (A1-20
x 40-117125). The ethowurtzine and diclofenac were
administered intragastrically an hour before placing
the cotton swab for 7 days. On day 8, the rats were
euthanized. The cotton swabs with granulation tissue
around them were excised, weighed on an Adventurer
electronic balance (USA), and dried in a thermostat
at 60 °C to the constant weight. The proliferative
response (%) was evaluated by the difference between
the mass of the dry granuloma tissue and the initial
mass of the cotton swab. The exudative response (%)
was evaluated by the difference between the wet and
dry weights of the granuloma tissue (exudate).

ULCEROGENIC EFFECT OF ETHOWURTZINE

The ulcerogenic effect of the ethowurtzinewas
examined upon completion of the chronic
inflammation modeling in female SD rats by the
standard method [11]. At day 8, during autopsy, the
rat stomachs were excised using tweezers and sharp-
ended scissors, dissected along the lesser curvature,
rinsed with cold normal saline to remove the contents,
spread flat on a white substrate, and examined
macroscopically using a special backlighting lens to
assess the ulcerogenic effect by a 4-grade scale: 0 —
no damage, 0.5 — hyperemia, 1 —single minor damage
(1 or 2 hemorrhages), 2 — multiple hemorrhages
(erosions, single hemorrhages); 3 — significant and
multiple damage (erosions, single hemorrhages), 4 —
extensive damage encompassing the whole mucosa
(massive hemorrhages, erosions, and perforations).
The average number of ulcerations per animal in the
group and the percentage of animals with ulcers were
estimated. The criterion for the ulcerogenic effect
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was considered to be manifestations corresponding
to grade 2 and higher.

In an in vitro inflammation model, the nitric oxide
(NO) production by macrophages isolated from
the peritoneal cavity of 25 intact C57Bl/6 mice was
evaluated by the concentration of nitrites in the cell
supernatant following 48-h cell incubation in the
presence of various concentrations of the ethowurtzine
and/or lipopolysaccharide (LPS) by adding the
Grace’s insect medium (Sigma-Aldrich, USA)ina 1:1
ratio and measuring the optical density of the solution
on the Titertek Multiskan® MCC multichannel
spectrophotometer (Labsystems, Finland) at a
wavelength of 540 nm [12]. Macrophages (2.5-3 x
10°) were cultured for 48 h (37 °C, 5% CO,, 100%
humidity) in a complete growth medium (CGM)
RPMI-1640 (Sigma, USA) supplemented with 10%
fetal bovine serum (FBS, Hyclone, UK), 20 mM
4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid
(HEPES, Sigma, USA), 0.5 mM 2-mercaptoethanol
(Sigma, USA), 50 pg/ml gentamicin (Sigma, USA),
and 2 mM L-glutamine (Sigma, USA) in 96-well
plates in the presence of various concentrations of
ethowurtzine and/or 0.1 pg/ml LPS (Sigma, USA).

The effect of the ethowurtzine on the macrophage
proliferation was determined by the classical MTT
test (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide (MTT, Sigma, USA)) in the
macrophage lysate by adding it 4 h before the
end of the incubation at a final concentration of
200 pg/ml. The supernatant was then dissolved with
dimethyl sulfoxide (Sigma, USA), and the optical
density was measured on the Titertek Multiskan®
MCC multichannel spectrophotometer (Labsystems,
Finland) at a wavelength of 540 nm.

The statistical analysis of the obtained data was
carried out using Statistica 8.0 software. The Shapiro

— Wilk test was used to check for normality of
distribution of random variables. The distribution in
the in vivo experiment was non-normal; therefore,
the Kruskal-Wallis test was used for multiple
comparisons, the Wilcox-Mann—Whitney U-test
was applied for intergroup comparisons, and the
Fisher’s angular transformation (@) was used to
find statistical significance of qualitative variables.
The distribution of random variables in the in
vitro experiment was normal; therefore, the one-
way ANOVA and the Dunnett’s test for multiple
comparisons were employed to compare group means
of several experimental samples with a control. For
each sample, the mean and the standard error of the
mean (X + m) were estimated, which are presented
in the summary tables together with the value n (the
number of variants). In all cases, the null hypothesis
was rejected at p < 0.05 [13].

RESULTS

The potential analgesic agents may have an
inhibitory effect on the development of inflammatory
reactions, regardless of the nature of the damaging
factor, phase, and stage of the process [1, 6], which
explains the relevance of studying their action in
modeling chronic inflammation in comparison with
NSAIDs of varying selectivity [ 1, 6, 11].

As can be seen from Table 1, the administration
of the ethowurtzine at all doses in the chronic
inflammation model resulted in a significant decrease
in the exudate burden: by 1.7 times at a dose of
12.5 mg/kg (p < 0.01, 40%), by 1.5 times at 25 mg/kg
(» <0.01, 35%), by 1.5 times at 50 mg/kg (p <0.01,
32%), and by 1.5 times at 100 mg/kg (p < 0.01, 34%)
compared to the controls. It should be noted that the anti-
exudative effect of the ethowurtzine was significantly
superior (44.5%) to that of diclofenac (8.7%).

Table 1

Parameters of Anti-Inflammatory and Anti-Ulcer Effects of Ethowurtzine (in the Dose Range of 12.5-100 Mg / Kg, Per Os)
Compared to Diclofenac (5 Mg / Kg, Per Os) in the Modified Proliferative Inflammation Model in Female SD Rats

Study eroun. dose Exudate weight | Exudation sup- | Weight of dry granu- | Weight of granu- | Proliferation | Number of rats with
Y group, X+m presion, % loma, X +m loma tissue X & m | suppression, % | ulcers per group, %
1.Control, n =19 144.1 + 109 0 97.2+9.7 84.2+97 0 0
2. Diclofenac 68.1+9.4 55.1+9.4 30%
’ +
5 mg/kg, n=10 127.0 + 6.8 12 1-2% 1-2% 3 [-2%*
+
3. Ethowurtzine, 861'13*2'0 40 549+6.2 419+6.2 50 0
12.5 mg/kg, n =10 93 1-3** 1-3%**
4. Ethowurtzine, 23 33 56.6+5.5 43.6+5.5 48 0
25 mg/kg, n=10 . 1—4%* 1-4**
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End of table 1

Study eroun. dose Exudate weight | Exudation sup- | Weight of dry granu- | Weight of granu- | Proliferation | Number of rats with
Y group, X+m presion, % loma, X +m loma tissue X + m | suppression, % | ulcers per group, %
5. Ethowurtzine, o7 32 58.6+5.5 445261 i 0
50 mg/kg, n =10 . 1-5%* 1-5%*
+
6. Ethowurtzine, BT 34 63.5+ 69 50.5+7.0 20 0
100 mg/kg, n =10 . 1-6%* 1-6%*

Note: the numbers of comparison groups are given in front of the significance level, n — the number of animals. * p < 0.05, ** p <0.01.

The statistically significant decrease in the
weight of fibrotic granuloma tissue showed that the
ethowurtzine in the dose range of 12.5-100 mg/
kg effectively suppressed proliferation of crude
granuloma burden by 50 and 40%, respectively, versus
35% for diclofenac (Table 1). However, the detected
activity of the compound did not differ significantly
from that of diclofenac. In previous studies, the anti-
inflammatory activity of the compound in the chronic
inflammation model was comparable to that of the
selective COX inhibitor meloxicam [11], however, the
current summary dataset indicated that the compound
exhibited a better effect than the non-selective COX2
inhibitor diclofenac. It should be noted that the
chemical and physical properties make it impossible
to calculate the ED,, due to the dose-independent
effect of the compound [8, 10].

The gastric mucosa of the rats that received the
ethowurtzine had no ulcers. The dataset clearly
indicated no gastrotoxicity of the compound and
supposedly no COX2-dependent mechanism of its
anti-inflammatory effect (Table 1). In contrast, in
3 out of 10 animals (30%, p < 0.01) who received
the non-selective COX inhibitor diclofenac in the
same administration regimen, grade 2 ulcers were
revealed.

The LPS added to the macrophage culture caused
a significant increase in NO production in the in vitro
inflammation model (Table 2). The added ethowurtzine
at various concentrations together with LPS reduced
the NO production in a dose-dependent manner, and
the NO production decreased significantly compared
to the group of LPS alone when the test compound
(750 and 1,000 pg/ml) was administered at high doses
(control 2).

The proliferative macrophage activity decreased
both when LPS alone and the ethowurtzine + LPS
were added compared to macrophage parameters with
no drugs used (control 1) (Table 2). However, the use

of the compound at different concentrations together
with LPS did not induce any significant changes in the
macrophage proliferation relative to control 2.

Table 2

The Effect of Ethowurtzine at Different Concentrations
on the Nitric Oxide Synthesis by Peritoneal Macrophages

of the Intact CS7BL/6 Mice, X £+ M

Nitrite Proliferation,
Concentra- . .
Test compound tion. we/ml concentra- | optical density
- HE tion, uM units
Control 1
(macrophages + - 5.58+0.21 0.514+0.005
medium)
Control 2
(macrophages + 0.1 87.13+£0.53* | 0.446+0.008%*
LPS)
50 81.52+0.28* | 0.449+0.005*
100 75.52+0.40* | 0.466+0.007*
N ) 200 75.86+0.23* | 0.462+0.002*
f:L‘l’,“SV;mZ‘ne 300 | 75.68£036% | 0.455:0.003*
500 75.13+£0.26* | 0.480+0.002*
750 67.09+0.40*# | 0.477+0.002*
1,000 63.70+0.27*# | 0.449+0.002*

Note: number of wells n=5. * p <0.05 compared to control 1; # p <
0.05 compared to control 2.

DISCUSSION

The overproduction of pain and inflammation
mediators, such as interferon gamma, tumor necrosis
factor, prostaglandins, interleukins-1,6, and bacterial
lipopolysaccharides that induce peripheral and
central pain sensitization, has a decisive role in the
development of a subclinical inflammatory reaction
[1,4, 14]. It has now been proven that these substances
are activators of the inducible calcium-independent
NO synthase isoenzyme, thereby enhancing the NO
production at the inflammation site [14], which in turn
stimulates the synthesis of proinflammatory cytokines
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and increases exudation, leukocyte migration, and
connective tissue proliferation [15].

Evidence behind the effect of ethowurtzine on
the production of NO, which is a pro-inflammatory
mediator and a key player in the pathogenesis of
inflammation [14], was obtained in the in vitro
inflammation model. The addition of the ethowurtzine
with LPS to the culture of peritoneal macrophages
of the experimental animals suppressed the NO
production in a dose-dependent manner, which may
be one of the mechanisms of the identified anti-
inflammatory effect of the substance.

CONCLUSION

The newly synthesized analgesic ethowurtzine
outperformed the non-selective COX inhibitor
diclofenac by its anti-exudative effect in the chronic
proliferative inflammation model while inhibiting
the granulation tissue proliferation to the same
extent as NSAIDs. A lack of ulcerogenic effect
of the ethowurtzine, as confirmed in this study,
may indicate an alternative mechanism of its anti-
inflammatory action not related to the blockade
of COX-2. The results obtained in the in vitro
inflammation model backed this assumption. The
addition of the ethowurtzine together with LPS to the
culture of peritoneal macrophages of the test animals
inhibited the production of nitric oxide which is a
pro-inflammator mediator and a key player in the
pathogenesis of inflammation. The revealed activity of
the test substance may be one of its anti-inflammatory
action mechanisms.

The analgesic and anti-inflammatory effects of
the ethowurtzine combined with its authentic action
mechanism and the lack of gastrotoxicity substantiate
the relevance of its further preclinical trials, while
the design of a drug on its basis for the treatment of
chronic inflammatory diseases associated with pain
may become a safe alternative to NSAIDs.
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