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Pe3iome/Summary

Anti-inflammatory properties of new complexes of SnCl, with benzaldehyde and
4-bromobenzaldehyde salicyloyl hydrazones the were studied in the rats using models
on carrageenan and formalin-induced inflammation of paw. Solutions of benzaldehyde,
4-bromobenzaldehyde and salicylic acid were also used to determine their contribu-
tion to the anti-inflammatory activity of the complexes. The development of inflamma-
tory process was assessed by changes in the volume and width of the inflamed paw.
The use of complexes of SnCl, with benzaldehyde and 4- bromobenzaldehyde salicy-
loyl hydrazones for treatment resulted in normalization of the width and volume of the
inflamed paw following 3 days of treatment. . Six days after the start of the experiment
(carrageenan model), the volume of the affected limb almost reached the control val-
ues in animals that received complex compounds | and Il, benzaldehyde and salicylic
acid. During the experiment it was determined that complex compounds | and Il dem-
onstrated the best anti-inflammatory activity in both models of inflammation
Key words: anti-inflammatory activity, complex compound, benzaldehyde,
carrageenan, formalin.

MpoTmnsananbHi BAACTUBOCTI HOBMX KOMIMAEKCHMX CMONyK SnCI4 3 OeH3anbaerigom
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i 4-6pombeH3anbaerignomMm caniuinoinrigpa3oHoOB BMBYANM Ha LLypax Ha MOAensx Kap-
pariHaH- i popmManiH-iHaykoBaHOro Habpsiky nanun. Po3unHu 6eH3anbaoerugy, 4-6pom-
OeHzanbaeriny i caniumnoBoi KNCNOTU TakoX BUKOPUCTOBYBANNCS A1 BU3HAYEHHS
BKNaay ix GyHKUIOHANbLHUX rpyn y NpoTmM3anasnbHy akTUBHICTb KOMMJEKCIB. PO3BUTOK
3anasbHOro NPOoLEecy OLjiHBaNM 3a 3MiHaMM 00’eMy i LUMPUHM 3ananeHoi nanu. 3a-
CTOCyBaHHA komnnekcHux cnonyk SnCl, 6eHsanbaervay i 4-6pombeHsansaeriny can-
iLinoinriopa3oHiB NPU3BOAMNO A0 HOpPMani3auii WMpuHKW i 06’eMy 3ananeHoi nanu
yepes 3 gHi nicns novaTtky NikyBaHHS. Y TBApPUWH, ki OTPMMYyBaNn JlikyBaHHS KOMMeK-
cHuMM cnonykamu | i Il, 6eH3anbaerigom i caniumnoBoi KMCNOTO, BXe 4Yepes LWiCTb
OHIB nicng noyatky ekcnepuMeHTy (Ha Mogeni kappariHaH-iHOyKOBaHOro 3ananeHHs)
00CAr ypaxeHoi KiHLiBKM NPaKTUYHO A0CAr KOHTPOJIbHMX 3Ha4veHb. B xopdi ekcnepu-
MeHTYy Oyfi0 BCTAHOBNEHO, L0 KOMMNEeKCHi cnonyku | i [l npoaemMoHcTpyBanu Hankpa-
Ly NpOTM3anasibHy aKTUBHICTb HA 060X MOOENSAX 3anafieHHs.

KmoyoBi cnoBa: npotusanasibHa akTUBHICTb, KOMITIEKCHI Criosyku, 6eH3asbaeris,
KappariHaH, ¢opma’iiH.

MpoTBOBOCMANINTESIbHBIE CBOWCTBA HOBbIX KOMIIEKCHbLIX coeanHeHunin SnCl, ¢
OeH3anbaerngom n 4-6pomMmbeH3anbaermaoM CcanuuuaonnrnapasoHoB n3ydanu Ha
KpbICax Ha MOAEnsx KapparmHaH- n GopMannH-nHAYLUMPOBAHHOIO OTéka nanbl. Pa-
CTBOpbI 6eH3anbaernga, 4-6pombeH3anbaernaa n CanuumMiIoBON KACIOTbI TakKe UC-
NONb30BaNMCh ANS onpeneneHns Bknana nx GyHKUMOHANbHbBIX FPynn B NPOTUBOBOC-
nannTesnbHYKD akKTUBHOCTb KOMIMJEKCOB. Pa3BmnTtne BOCNanmnTenbHOro npoLecca oue-
HMUBaNM NO N3MEHEHNAM 0O6beMa M LIMPWHBI BOCNAneHHOoW nanbl. NpumMmeHeHne komMn-
nekcHblx coeauHennt SnCl, 6eHsanbaernna n 4-6poMbeHsanbaernia canmumunons-
rMApPasoHOB MPUBOOWIO K HOPpManM3aumu LWMPUHBbI 1 0O6bemMa BOCMANIEHHOW narbl
cnycTs 3 OHS Nocfie Havana fiedeHus. Y XNUBOTHbIX, KOTOPbIE NoaydYanu neYyeHne KoM-
MAeKCHbIMU coeanHeHnamun | n |l, 6eHsanboeruoom v canuuuioBoOii KUCOTOM, yXe
yepes LWECTb AHEN MOCSie Havyana aKkCrnepmMeHTa (Ha MO4eNn KapparmHaH-nHaoyLmpo-
BAHHOIr0 BOCNaNiEHUs1) OObEM MOPAKEHHOM KOHEYHOCTU MPaKTUYECKM OOCTUI KOHT-
POSbHbIX 3Ha4YeHwuii. B xope akcnepumeHTa OblNo YCTAaHOBMEHO, YTO KOMMJIEKCHbIE
coeanHeHns | v Il NpoAEMOHCTPUPOBAIN HaUy4LLYIO NMPOTMBOBOCMNANNTENBHYIO ak-
TUMBHOCTb Ha 06enx Moaensix BocnaneHus.

KnrodyeBble cnoBa: rnpoTrBOBOCHAINTEIbHAS aKTUBHOCTb, KOMIMJIEKCHbIE coeaunHe-
Hus, 6eH3anbaernd, kapparvHaH, opMaiH.

Complex compounds tin (IV) chloride (SnCl,) with salicyloyl hydrazones benzal-
dehyde and 4-bromobenzaldehyde [1] were previously synthesized at the Department

of General Chemistry and Polymers and salicyloyl hydrazones benzaldehyde and
anti-inflammatory activity of these com- 4-bromobenzaldehyde.

pounds was determined on models of

trypsin, histamine and carrageenan-in-

duced inflammation [2, 3]. Among ob-

tained compounds, it was interesting to H /

study anti-inflammatory activity of benzal- \ Cl

dehyde, 4-bromobenzaldehyde and sali-

cylic acid on carrageenan- and formalin- O—»S/n—CI
induced inflammation in order to deter- OH Cl

mine their role in the anti-inflammatory

activity of complex compounds SnCl, with Complex compound |
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OH cl Cl

Complex compound Il

Carrageenan-induced inflammation
is an acute inflammation that is easily to
replicate in the lab and used for studying
the new prospective anti-inflammatory
medicine, as well as the mechanism of
development of the inflammatory process.
Oedema, hyperalgesia and erythema de-
velop immediately after inoculation of the
of phlogogen injection, the mechanism of
inflammation is based on increasing the
release of inflammatory mediators (brady-
kinin, serotonin, histamine), nitric oxide
and prostaglandins [4], as well as accom-
panied by nociceptive changes and the
migration of inflammatory cells to the site
of phlogogen inoculation. Development
mechanism of the anti-inflammatory ac-
tivity is due to the involvement of cycloox-
ygenase-2 (COX-2) that is induced by
COX isozyme and it develops in the cells
and tissues during development of the
inflammatory reaction.

Formalin inflammation is the sub-
acute inflammation and along with the
local inflammation development and hy-
peraemia it also manifests itself as a sys-
tematic reaction that leads to chronic and
localized pain [5], as a result, the inflam-
matory mediators such as biogenic
amines, bradykinins, etc. start to produce.
Also, the model of formalin inflammation
is used for replication of arthritis in rats
that is similar to human arthritis [6,7].

Anti-inflammatory activity of benzal-
dehyde and 4-bromobenzaldehyde was
investigated and demonstrated in previ-
ously conducted studies using trypsin and

histamine inflammation model [8].
Materials and methods

Experiments were performed on
Wistar male rats with weight around 180-
220 g that were kept in vivarium condi-
tions on the standard diet with free access
to water and nutrition. All studies con-
formed to the rules of the “European Con-
vention for the Protection of Vertebrate
Animals used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986)
[9] and the principles of the Ukrainian
National Congress on Bioethics (Kiev,
2003) [10].

Inflammatory reaction for each type
of inflammation was induced by subplan-
tar inoculation 0.2 ml of 0.2% aqueous
solution of carrageenan (Sigma) and 0.1
ml of 2% formation (Sigma) solution
[11,12] into the back surface of the rat’s
hind limb.

Studies were conducted on 12
groups of animals (6 groups for each type
of inflammation), 3 rats each. Animals
were treated directly after 24 hours after
inflammation development. Control animal
group received no treatment. Each tested
animal group received treatment peroral:
groups 2 and 3 received emulsion solu-
tions of complexes SnCl, with salicyloyl
hydrazones benzaldehyde and 4-bro-
mobenzaldehyde prospectively; group 4
received emulsion of benzaldehyde in
Twin; group 5 received emulsion of 4-bro-
mobenzaldehyde in Twin; group 6 re-
ceived solution of salicylic acid (40 mg/
kg).

Result evaluation of the experimen-
tal study was based on volume changes
of limb (using digital plethysmometer
37140 (Ugo Basile, China)) and the width
of the affected limb (using an electronic
calliper YT-7201 (YATO, Poland)) before
and after 24-hours, as well as in the dy-
namics throughout the experiment. Ob-
tained experimental data were statistical-
ly processed by standard methods using
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Thus, within
one day after the
start of the experi-
ment, increased vol-
ume of the affected
limb for complex Il
compound was only
13%, for complex
compound | — 24%.

—e— control

—8®— Complex |

— & —Complex I
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---o---Saligylic Acid

Fig.1. The volume change of the affected limb with carrageenan-induced

inflammation (% of control)

Dynamics of changes in the width of the affected limb using carrageenan-induced

inflammation model

6 7 8  Then, for complex
compound Il there
was a gradual reduc-
tion in volume of the
affected limb within
Table 7 five days from the

start of the experi-

time after injection, days

ompound

ment and achieving

. Control Complex Benz- |4-bromobenz-
Z;’;‘z group | Complexl I aldehyde | aldehyde SA the volume measures
O(control) | 100%24 | 100%23 | 100£24| 100£30 | 10030 12_04* of intact animals.
1 15734 | 157,334 | 157434 | 135+70 | 135£7,0 1274* _Cor.lSIder_lng that sal-
421 icylic acid and ben-
2 158+39 | 128+2,6 | 109446 | 132+20 | 134+8,0 *

13535+ zaldehydes are part
3 14883 | 125673 109549 | 125£30 | 128590 | .7 of the complex com-
4 151+4,7 | 124445 | 107+4,2| 123+40 137 £8,0 15%* pounds | and Il, it was
5 143£4,0 | 1193+50| 113£50| 116£30 | 12350 1;7; assumed that they
6 139+38 | 1117+33| 11140 | 112+20 | 115+3,0 1;0; m'ght. pla}y the ma'_n
105 = contribution to their

7 126£68 | 102718 109£50 | 106:30 | 109£40 | 25 .
s anti-inflammatory ac-
8 122£54 | 1002£31 101220 | 101220 | 10220 | 'JG* tivity. From the ob-

the values of the arithmetic mean (M),
standard deviation of arithmetic mean (m),
Student’s t-test and confidence factor.
Anti-inflammatory activity of studied com-
pounds was expressed as a percentage
inhibition of oedema
Results and discussions
Carrageenan-induced model

Represented data [figure 1] indicat-
ed that the volume of affected limbs of all
tested animals after 24 hours after phl-
ogogen inoculation (carrageenan) in-
creased by 60%, but 2 days after the start
of the experiment there was a clear trend
of decreasing of the inflammatory foci in
animals that perorally received complex
compounds | and Il

tained data it is
known that salicylic acid, as well as ben-
zaldehyde and 4-bromobenzaldehyde,
has an anti-inflammatory effect, which
leads to a decrease in the inflammatory
process during the first days of the exper-
iment. Six days after the start of the ex-
periment, the volume of the affected limb
almost reached the control values in ani-
mals that received complex compounds |
and ll, benzaldehyde and salicylic acid.
It should be noted that dynamic
change in the width of the affected limb
(Table 1) was similar to the volume chang-
es of the affected limb and demonstrated
no statistical differences.
Formalin-induced inflammation.

According to obtained data, [figure 2]
demonstrated that both complex com-

ACTUAL PROBLEMS OF TRANSPORT MEDICINE + # 1 (55), 2019



AKTYAJIbHbIE MPOBNEMbl TPAHCMOPTHOW MEAMUMHBI 4+ N2 1 (55), 2019 .

200
190 e

=-%-=Complex Il

- =» - Benzaldehyde

- =% - 4-brombenzaldehyde
------- SalicylicAdd

tion (14" day of treat-
ment) the volume of
the affected limbs
reached initial values.
Salicylic acid demon-
strated the best anti-
inflammatory activity
and on the 7" day of
treatment the values
of the affected limbs
of rats decreased by
around 37%, but the

Complex |

Fig. 2. The volume change of the affected limb with formalin-induced

inflammation (% of control).

pounds absolutely showed an anti-inflam-
matory effect using the formalin inflamma-
tion model.

Thus, three days after formalin inoc-
ulation the volume of affected limbs in rats
of all tested groups increased by 72%
comparing to intact values. Starting from
the second day of the treatment with per-
orally inoculation of the complex com-
pound I, the volume of affected limbs of
rats decreased by around 19% and this
tendency continued in the following days
of the experiment. After 16 days of ob-
servation (14" days of treatment) values
of the group that was treated with peroral-
ly inoculation of complex compound I,
almost reached the values of intact group
of animals. During the peroral inoculation
of the complex compound Il the anti-in-
flammatory effect was also observed. Until
8" days of observation the decreasing of
the volume of affected rat limb was slow-
er than it was in the rat group that were
treated with complex compound | and it
was 5-9% per day in average. However,
all value of the volume of the affected rat
limbs reached the control on the 14" day
of treatment. Benzaldehyde and 4-bro-
mobenzaldehyde also demonstrated some
anti-inflammatory activity throughout the
experiment, on the 16" day of observa-

12 13 14 15

time after injection, days values of volume of

affected limbs in rats
did not return to the
intact level until the
end of the experiment
in this investigation. During the visual ob-
servation of the rat limbs demonstrated no
external signs of inflammation, in contrast
to the control group of animals, which
signs of inflammation were sufficiently
pronounced on the 16" day of observa-
tion.

Obtained data from the determina-
tion of the width of affected limbs of rats
using the formalin-induced model demon-
strated that, in general, the dynamic
changes of the width of affected limbs
matched with dynamic change of the vol-
ume, during the usage of all tested com-
pounds, the values did not reach the con-
trol values, and 16 days after phlogogen
inoculation which, apparently, related with
physiology of resorption.

Conclusion

Thus, during the experiment it was
determined that complex compounds |
and Il demonstrated the best anti-
inflammatory activity in both models of
inflammation. Obviously, the components
of complex compounds | and Il — salicylic
acid and benzaldehydes were involved in
the anti-inflammatory activity of these
complexes.
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