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Introduction

Aim. Study of antioxidant (antiradical) activity of 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine
derivatives. Methods. Inn vitro study of antiradical/scavenging activity using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radicals inhibition assay; ICs, values determination. Results. The
series of 29 modified derivatives of 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine were evalu-
ated for their ability to scavenge DPPH radicals in conditions close to physiological at 5 mM
concentration, and the ICs, values were determined for the most promising compounds using
the serial dilutions method. The structure - antiradical activity correlations were performed
and possible mechanisms of action were discussed. Conclusions. Tested 6,7-dihydro-5H-
imidazo[2,1-b][1,3]thiazine derivatives possess a moderate level of antiradical/scavenging
activity.

Keywords: 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine; antiradical/scavenging activity;
DPPH; ICs; SAR

The last few decades brought enormous prog-
ress in our understanding of the role of redox
balance and reactive oxygen species (ROS) in
the regulation of physiological functions as
well as [in] the development and progression
of multiple diseases [1-3]. The oxidative stress

(OS), defined as redox imbalance with an ab-
solute or relative deficit of antioxidant power
to prevent cells/macromolecules from the dam-
age by ROS, plays important role in diseases,
such as cancer, diabetes, psychiatric diseases
[4], inflammatory diseases [5], neurodegen-
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erative diseases, and aging [6]. Thus, there is
no wonder that the potential correction of this
imbalance in cells and tissues is considered as
a massive unmet need and could be attractive
as a therapeutic intervention for either treat-
ment or prevention of related conditions [7-9].
Several alternative approaches, suggested to
address the modulation of redox balance, vary
widely from the introducing of exogenous
antioxidants to the modulation of endogenous
redox-regulation processes/pathways. This
field, therefore, attracts ever-growing interest
in the modern drug discovery experts [10]. So
far, the free radical scavengers [11], “multipo-
tent” antioxidants [12], ‘“sensor/effector
agents” [13] and “redox cyclers” [14] have
been designed and are currently studied as new
opportunities and strategies for the treatment
of OS-associated disorders as well as potential
prevention/delay of aging. {{Since redox dys-
regulations are widely spread among multiple
types of diseases and are not limited to cancer,
inflammation and infectious diseases, there are
many reasons to believe those novel drug mol-
ecules capable to selectively modulating the
intensity of ROS production enhance the uti-
lization or activation/inhibition of redox-sen-
sitive enzymes may provide new avenues to
tackle OS-related diseases and improve their
treatments.

The organic sulfur-containing molecules
present a large group of derivatives from dif-
ferent chemotypes and sources (natural, syn-
thetic) as potential regulators of formation/
neutralization of ROS and reactive nitrogen
species (RNS). For instance, the natural or-
ganic sulfur-containing molecules, such as
glutathione, S-adenosylmethionine, cysteine,
taurine, play a key role in antioxidant protec-
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tion and redox-regulation in cells [15-17]. On
the other hand, numerous heterocyclic mole-
cules with sulfur atoms are successfully stud-
ied due to their impact on free radicals, cells’
antioxidant mechanism as well as other pos-
sible molecular pathways [18, 19]. That is
why, the design of potential antioxidants and
redox-modulators using sulfur-containing het-
erocyclic matrix/scaffolds is a prospective
area in the modern bioorganic and medicinal
chemistry.

As a part of our ongoing interest in develop-
ing new and efficient pharmacological agents,
we recently reported the synthesis of new de-
rivatives with 6,7-dihydro-5H-imidazo[2,1-b]
[1,3]thiazine scaffold that possess promising
anti-inflammatory activity in the in vivo ex-
periments as well as satisfactory drug-like
properties [20-22]. Thus, considering the rela-
tion between pathophysiological pathways of
inflammation and oxidative stress/redox imbal-
ance [1-3] the main objective of the present
study was the in vitro evaluation of the anti-
oxidant (DPPH free radical scavenging) acti-
vity of the mentioned derivatives.

Materials and methods

Synthesis and characterization of the com-
pounds The synthesis and physico-chemical
properties of tested 6,7-dihydro-5H-imida-
zo[2,1-b][1,3]thiazine derivatives were de-
scribed in [20-22].

Anti-oxidant activity (DPPH assay). The
DPPH radical inhibition assay was used for
evaluation of anti-oxidant properties following
the protocol described in [23] with some
changes. The stock solutions of the compounds
were prepared in Tris-HCI methanolic buffer
(pH =7.40). Then I mL of DPPH (8 mg/100 mL
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of methanol) solution was added to the sample
and the blank. This setup was left at room
temperature for 60 min (vortexed in between).
The absorbance value was taken at 517nm
against the ethanol by using a UV-1800 spec-
trophotometer (Shimadzu, Japan). Each sample
was analyzed in triplicate. The percentage of
inhibition was calculated against blank:

Yo = (Ablank - (Asample +DPPH — Asample))/ Ablank x 100 %’

where Ay 1S the absorbance of the control reaction
(containing all reagents except the tested compounds);
Agmplie+pppr 1S the absorbance of the tested compounds
after 60 min incubation with DPPH solution; Agpmpie 18
the absorbance of the tested compounds without DPPH
solution.

Statistical analysis. All values were ex-
pressed as mean values + SEM (standard error
of mean) and data were analyzed by applying
an analysis of variance (ANOVA) followed by
Student’s t-test. The results were considered
statistically significant if P < 0.05.
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Results and Discussion

Three sub-types of derivatives with 6,7-di-
hydro-5H-imidazo[2,1-b][1,3]thiazine scaffold
1a-l, 2a-f, 3a-k were in vitro screened for their
ability to scavenge DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) radicals [23] and the compounds’
structure are presented in Fig. 1.

In the experimental studies design, the ini-
tial stage included evaluation of the DPPH
radical scavenging activity of all derivatives
1a-1, 2a-f, 3a-k in conditions close to physio-
logical (methanol stock solution + Tris-HCI
buffer pH = 7.40, measurements after 60 min)
at 5.0 mM concentration. Such an approach
allows fast identifying of potential hit-com-
pounds as well as provides time and com-
pounds amount economy. Ascorbic acid was
used as a reference compound (standard). The
results of screening of radical scavenging ac-
tivity at 5.0 mM concentration of compounds
1a-1, 2a-f, 3a-k are presented in the Figure 2.

Overall, all tested compounds were found
active at 5 mM and exhibited a wide-ranging
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Fig. 1. Structures of the tested 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine derivatives 1a-l, 2a-f, 3a-k.
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Fig. 2. The inhibition of DPPH radicals by the 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine derivatives 1a-1, 2a-f,
3a-k at 5 mM concentration. Ascorbic acid (AA) was employed as a positive control (green). The highest activity was

observed for compounds 1¢, 3a, 3¢, and 3e (red).

of radical scavenging activity in DPPH assay
in the range 25.0 to 66.3 %. Such results sug-
gest that anti-radical activity is mostly deter-
mined by to electron nature of 6,7-dihydro-5H-
imidazo[2,1-b][1,3]thiazine core stabilized by
the hyper-conjugative effect and the electron-
withdrawing groups. The ICs, values were
determined in the next experimental stage for
the most active derivatives 1¢, 3a, 3¢, and 3e
that demonstrated the most promising behav-
iour at 5 mM concentration. The 1Cs, value
corresponds to the concentration of a sample,
which has ability to scavenge 50 % of the free
radicals present in the reaction mixture. Low
ICs, values indicate a high antioxidant activ-
ity of the sample compound. The serial dilu-
tions of stock methanol solutions at five or six
concentrations (1.0, 2.0, 4.0, 6.0, 8.0, 10.0 mM
+ Tris-HCI buffer pH = 7.40, measurements
after 60 min) were used for studies. The same
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experiment for the determination of the ascor-
bic acid ICs, value was performed as well. The
results of DPPH free radicals inhibition at
different concentrations and ICs, values are
presented in the Figure 3.

As a result, tested compounds 1a, 3a, 3¢
and 3e possess moderate activity in DPPH as-
say and the established 1Cs, values for com-
pounds were: 3.67 mM (1a), 4.13 mM (3a),
3.63 mM (3c¢), 3.06 mM (3e), whereas for
ascorbic acid ICs,= 0.056 mM. So, in the
context of the structure-radical scavenging
activity relationship (SAR) for screened com-
pounds it should be noted that pyridine-sub-
stituted derivatives (1g-1, 3f-k) possess low
activity compared to the appropriate benzene
analogues (Figure 4). At the same time, ben-
zene-condensed derivatives (3a-k) were more
active than diphenyl- (2a-f) or unsubstituted
(1a-1) ones. The presence of NO,-group was
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crucial for high activity level for compounds
1a, 3a. Interestingly, the introduction of next
one NO2-group (1b, 3b) leads to a lower acti-
vity level compared to 1a, 3a.The highest
activity level was observed for derivatives with
0-CN-group combined with p-CF; (3e) or m-Cl
(3¢) whereas the change of the CN-group po-
sition leads to the activity decrease (1d, 1i, 1j,
2¢, 2d, 3d, 3h, 3i) compared to compounds 3¢
and 3e.

Taking into account that the antiradical
mechanism of DPPH assay is based on the
HAT (hydrogen-atom transfer) and SET (sin-
gle-electron transfer) it is possible to assume
that both mechanisms are acceptable for de-
rivatives with 6,7-dihydro-5H-imidazo[2,1-b]

[1,3]thiazine scaffold. Nitrogen and sulfur
atoms with undivided electron pairs in heteror-
ings (imidazo[2,1-b][1,3]thiazine moiety, pyr-
idine ring) together with a strong electron-
withdrawing groups could play a role of pos-
sible centres for stabilizing free radicals. Also
noteworthy, no significant correlation between
anti-radical and anti-inflammatory activity was
found. However, antioxidant activity/proper-
ties of 6,7-dihydro-5H-imidazo[2,1-b][1,3]
thiazines are an important point in the phar-
macological features of these heterocyclic
compounds. Further in-depth studies should
be conducted using alternative in vitro (ABTS,
ORAC etc.) as well as in vivo screening mo-
dels.
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Activity decrease

Fig. 4. Structure—anti-radical activity relationships for derivatives with 6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine

scaffold 1a-1, 2a-f, 3a-k
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Conclusions

In the present paper, the results of in vitro
evaluation of the antioxidant activity using
DPPH assay of a series of 6,7-dihydro-5H-
imidazo[2,1-b][1,3]thiazines are described.
The derivatives with a moderate level of radi-
cal scavenging activity and satisfactory ICs,
values were identified. The SAR correlations
were performed and possible mechanisms of
action were discussed. The obtained results are
promising for the search and design of new
potential antioxidants among 6,7-dihydro-5H-
imidazo[2,1-b][1,3]thiazine derivatives as well
as related hybrid molecules subtype.
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Oninka aHTHOKCHJIAHTHOI aKTHBHOCTI MOXiTHHUX
3 6,7-purigpo-SH-iminazo[2,1-b][1,3]riazunoBumM
KapKacom

H. YO. CauBka, C. M. T'onora, JI. M. CamnieBa,
E. M. Kagukano, M. A. Komimnrenieka, M. B. BoBk

MeTta. BuBueHHS! aHTHOKCHAAHTHOI (aHTHPAUKAaIbHOT)
aKTHBHOCTI OXigHMX 6,7-murinpo-SH-imigazo[2,1-H][1,3]
Tiazuny. Metonu. JIociipKeHHs in vitro aHTHOKCH/IAHTHOT/
AHTUPAINKAILHOI aKTUBHOCTI 3 BUKOPHCTaHHSIM METOIY
iHTiIOyBaHHS paauKaliB 2,2-mudenii- | -mikpuiriapasmry
(DPPH); Buznauenns 3HaueHb [Csy. Pe3yabratm.
[IposeneHo pocmimkeHAs 29 MoaudiKOBaHUX TOXITHUX
6,7-murinpo-5SH-imima3o[2,1-b][1,3]ria3uHy Ha TpeaMer
ix 3marHOCTI monuHaty paavkam DPPH B ymoBax, Omi3b-
KUX 710 (i3i0JIOTIYHAX MTPpY KOHIEHTpaIii 5 MM, a Takox
JUTST HAHOUTBIN TIEPCIIEKTUBHUX CITONYK BH3HAYEHO 3HA-
yennsi 1Cs, MeTofioM cepiiHuX po3BeneHb. [IpoBeaeHo
KOPEJIALII Mi>K CTPYKTYPOIO Ta aHTHPAANKAILHOIO aKTHB-
HICTIO Ta 0OTOBOpPEHO MOXKIIMBI MeXaHi3MH Jii. BucHOBKH.
Hocnimkeni noxinHi 6,7-guriapo-SH-iminazo[2,1-5][1,3]
Tia3MHy MalOTh NOMIPHHH piBeHb aHTHPaJIUKAJIHHOI aK-
TUBHOCTI.

Kawuosi caosa: 6,7-nurinpo-5SH-iminazo[2,1-b][1,3]
Tia3WHM, aHTHpaanKaibHa akTuBHICTH, DPPH; ICs); 3a-
JISKHICTh CTPYKTYPa-aKTHBHICTh
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