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The effect of benzilic acid derivatives on the pain threshold
using the “hot plate” test

The search for new highly effective analgesics is a topical issue of modern pharmacology since drugs currently
used in clinical practice do not meet the requirements of efficiency and safety.

Aim. To study of the effect of new derivatives of benzilic acid on the pain threshold using the “hot plate” test.

Materials and methods. The objects of the study were new derivatives of benzilic acid. Determination of the pain
threshold was carried out by the “hot plate” test. The substances studied were introduced orally as aqueous solutions
in the dose of 12 mg/kg. The latent periods of the first licking of the paw sole and the first jump were recorded during
the study.

Results. Six- and seven-membered thienolactames did not show the analgesic activity, and acid benzilic amides
yielded far exceeded their activity. Hence, formation of cyclic products led to a decrease of the activity. Introduction of
the chlorine atom into molecules also led to the decrease of activity. At the same time, the structural modification of
the amide group in thienopyrroles was effective. In the experiment the most active substance was KMS-49 containing
the dimethylacetyl group. Another active compound was a derivative of KMS-284 belonging to other chemical group of
compounds under study — benzilic acid amides.

Conclusions. The most active compounds under research appeared to be KMS-49 and KMS-284 after their
introduction the latent period of the first licking of the paw sole increased by 2.2 and 1.6 times, respectively; and the
latent period of the first jump — by 2.8 and 2.5 times, respectively, compared to the control group at the significance
level p < 0.05.

Key words: benzilic acid derivatives; analgesic activity; “hot plate” test

H. M. Tpuwyk, I. B. Kipee, C. B. KonicHuk, K. M. CuTHik

HdocnigxeHHs BNNMBY NOXiAHUX O€H3UOBOI KNCIOTU Ha Nopir 60NbLOBOI Yy TNMBOCTI
3a JOMOMOIoK0 TECTY «rapsA4oi NacTUHUY

Molwyk HOBMX BMCOKOEMEKTUBHMX aHaNreTUKIB € akTyarnbHOK Npobnemoto cyvacHoi dhapmakornorii, OCKinbKku BuU-
KOPUCTOBYBaHI HWHI B KMiHIYHI NpakTULi NpenapaTtu He 3aBXAu1 BiANOBiAaTb BUMOram epekTMBHOCTI Ta 6e3neku.

MeTta po60Tu — JOCNIOKEHHST BNMBY HOBMX NOXiAHUX BEH3MMOBOT KMCNOTU Ha Nopir 60nboBOT YyTNMBOCTI 3a A0-
MOMOIOI TECTY «rapsiyoi NIIaCTUHMY.

Marepianu Ta metogu. O6’ekTammn SOCNIOKEHHS CTanu HOBI MOXiAHI 6eH3MNOoBOI KnCcnoTu. BusHayeHHs nopory
60nbOBOI YyTNMBOCTI NPOBOAMIW 32 AOMOMOTO TECTY «rapsiva nrnactuHay. [locniaxysaHi pe4oBVHY BBOAUIM Nepoparb-
HO y BUMSAI BOAHMX PO34mMHIB y 003i 12 mr/kr. ig Yac gocnigxeHHs peecTpyBanu NnaTeHTHUIA Yac nepLuioro obnmay-
BaHHSA MiAOLWBM flan Ta NlaTeHTHUIA Yac NepLuoro cTpubka.

Pe3ynbraTy Ta ix o6roBopeHHs. LlecTu- Ta ceMuyneHHi TieHonakTamn He BUSIBUIN aHanreTUYHOT akTUBHOCTI,
BUXiOHI amign 6eH3WUNoBOI KMCNOTM 3HAYHO MEepeEBULLYBanM iX 3a aKTUBHICTHO, OTXKE YTBOPEHHS LUMKMIYHMX NPOAYKTIB
NpY3BOAWIIO OO 3MEHLUEHHS aKTMBHOCTI. BBeOeHHs 4O MOnekynyM atoMa Xnopy TakoX NPU3BOAMMO OO 3MEHLUEHHS
aKTMBHOCTI. Y TOM e Yac eeKTUBHOI BMABUNACL CTPYKTYpHa MoamdikaLis aMigHOro yrpynoBaHHS y cknagi TieHo-
niponie. B ekcnepMMeHTi HanakTUBHILLOKW BusiBUNack cybctaHuis KMS-49, sika MicTUTb y CBOEMY cknagi AuMeTuna-
LeTUnbHY rpyny. [HWOK aKTMBHOK crnonykok BusBunocb noxigHe KMS-284, ske HanexuTtb 40 iHWOI XiMiYHOT rpynum
[oCniaXKyBaHUX CNOMyK — amifiB 6eH3MMIOBOI KUCIOTH.

BucHoBKkM. HalakTuBHiWMMKM 3 gocnigpkeHnx pevyoBuH BusiBunmce KMS-49 ta KMS-284, npu BBeOEHHI SKMxX
36inbLUyBaBCSA NaTeHTHUI Nepiod nepLuoro obnusysaHHA nanv B 2,2 i 1,6 pa3n, BianoBiaHO; Ta NaTeHTHWI nepioa, nep-
woro cTpubka B 2,8 Ta 2,5 pasw, BiaNoBIAHO, y MOPIBHAHHI 3 rPYNo0 KOHTPOIIO MpW piBHI 3HavyLwocTi p < 0,05.

Knrouoei cnoea: rnoxioHi 6eH3un060i Kucrnomu,; aHaneemu4yHa akmueHicmb, mecm «2apsiya rninacmuHay

H. M. Tpuwyk, U. B. Knpees, C. B. KonecHuk, K. M. CbITHUK

UccnepgoBaHue BNUsHUs nNPOon3BOoAHbLIX 0eH3UNoBOM KUCNOTbI Ha nopor 6oneBom
HYYyBCTBUTEJIbHOCTU C NOMOLLbIO TeCTa «I'Opil‘-leﬁ nnacTUHbI»

Mounck HOBbIX BbICOKOA((EKTUBHBLIX aHANbLIETUKOB SIBMSETCA akTyarnbHOW npobrnemoli coBpeMeHHON dapmako-
norum, NOCKONbKY MCMNOmNb3yeMble B HACTOsILLIee BpeMs B KITMHUYECKOW MpakTUke npenapartbl He oTBevaloT TpeboBa-
HMAM 9P DEKTUBHOCTU 1 GE30MACHOCTH.

Llenb paboThkl — nccnenoBaHve BAVSIHUSA HOBbIX MPOM3BOAHBLIX OEH3MNOBOW KUCIOTbI Ha Nopor 6oneBow YyBCTBU-
TENbHOCTW C NOMOLLbIO TECTa «rOpsYen NNacTUHbI.
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Martepuanbi n metogbl. O6bekTaMu UCCreaoBaHys CTanu HoBble NPOU3BOAHbIE GeH3WNoBoN kcnoTbl. OnpenenexHue
nopora 60neBon YyBCTBUTENLHOCTU NPOBOAUNM C MOMOLLBIO TECTa «ropsivyas nnactuHa». Mccnegyemble BellecTsa
BBOAWUIN NMepoparbHO B BUAE BOAHbLIX pacTBOPOB B Ao03e 12 Mr/kr. B xoge nccnegoBaHnst permcTpupoBanu nateHTHoe
BpeMsi NepBoro ob6nm3abiBaHNsi NOAOLLBLI Nan 1 NTaTeHTHOE BPEMS NMEePBOro NpbbKKa.

Pe3ynbrathl n ux obcyxaeHue. LLlectn- n cemmuneHHble TUEHONAKTaMbl HE NMPOSIBUNN aHanNbreTU4eCcKon ak-
TUBHOCTU, UCXOOHbIE aMuabl GEH3UMOBONM KUCMOTbI 3HAYMTENbHO MPEBLILLANU UX MO aKTUBHOCTW, CrieoBaTeNbHo,
06pasoBaHMe LUKIMYECKMX NPOAYKTOB NPMBOAUT K YMEHbLUEHWIO aKTUBHOCTW. BBeaeHne B Monekyrnbl aToMa xropa
Takke NPMBOAUIIO K YMEHbLLEHWIO akTUBHOCTU. B TO e Bpemsi adhdekTUBHONM Okasanack CTPYKTypHas moamdmvKaums
amMugHouW rpynnupoBKM B COCTaBe TMEHOMUPPOIOB. B akcnepMmeHTe camon akTMBHOWM okasanack cybctaHuma KMS-49,
KOTOpasi COAEPXUT B CBOEM COCTaBe AUMETUNALETUNBbHYIO rpynny. [lpyruM akTMBHbIM COEAMHEHNEM OKa3anoch Npo-
n3sogHoe KMS-284, koTopoe OTHOCUTCS K MHOWM XMMMUYECKON rpynne nccneayemblx CoeauHeHnin — ammagam 6eHamno-
BOW KUCNOTbI.

BbiBoAbl. Hanbonee akTMBHbIMK M3 MCCreaoBaHHbIX BELLECTB okasanuce KMS-49 n KMS-284, npu BBeaeHun
KOTOPbIX YBENMUYMBAIICA NATEHTHbIA Nepuog nepBoro obnmabiBaHus nansl B 2,2 1 1,6 pa3a, COOTBETCTBEHHO; U Nna-
TEHTHbIN Nepuog NepBoro npbikka B 2,8 1 2,5 pasa, COOTBETCTBEHHO, MO CPABHEHMIO C FPYMMOW KOHTPONSA Npy YPOBHE
3HaummocTu p < 0,05.

Knroveenle cnoea: npon3BoaHble 6EH3UMOBON KUCMOTbI; aHanbreTuyeckast akTMBHOCTb; TECT «ropsivasl nnacTuHay
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Determination of the body pain threshold is an es-
sential part of biomedical, physiological and psycho-
physiological studies. Indicators of the pain threshold
depend on the immune status, emotional state, stress fac-
tors and the degree of adaptation to it. Determination of
the pain threshold is important for the study of efficacy
of drugs with the analgesic action.

The search for new highly effective analgesics is a
topical issue of modern pharmacology since drugs cur-
rently used in clinical practice do not meet the require-
ments of efficiency and safety. Narcotic analgesics are
characterized by a strong analgesic effect, providing the
possibility of their use for injuries and diseases accom-
panied by pain. However, they also affect the central
nervous system: the first use cause euphoria, and fur-
ther there is addiction and dependence [1, 2].

To determine the pain threshold the studies on labo-
ratory animals are conducted using the “hot plate” test.
This test is based on behavioral reactions controlled by
supraspinal structures in response to the painful effect.
After placing the animals on a hot surface when reaching
the pain threshold there are motor anxiety reactions: with-
drawal of paws, paw sole licking, jumping characteri-
zed by the most complex organization of reflex involving
cortical and subcortical brain structures [3].

The aim of our work was to study the effect of new
derivatives of benzilic acid on the pain threshold using
the “hot plate” test.

Materials and methods

The objects of the study were new derivatives of ben-
zilic acid synthesized at the Department of Organic Che-
mistry of National University of Pharmacy.

The substances studied were introduced orally as aque-
ous solutions in the dose of 12 mg/kg. The control ani-
mals received the corresponding volume of saline. Ani-
mals were kept in the vivarium under standard condi-
tions on a regular diet and with free access to water.

Determination of the pain threshold was carried out
using the “hot plate” test. Laboratory animals were pla-
ced in chambers with the size of 200 x 200 x 300 mm, which
floor was heated to the temperature of 54-55 °C. The la-

tent time of the first licking of the paw sole and latent
time of the first jump were recorded during the study [3, 4].

The statistical analysis of the results was performed
using the parametric Student t-test. The difference was
considered to be significant at p < 0.05.

Results and discussion

The results of the effect of the benzyl acid deriva-
tives studied on the pain threshold in laboratory animals
are shown in Tab.

According to the results concerning the effect of the
benzilic acid derivatives studied on physical endurance
of the experimental animals introduction of KMS-303,
KMS-258, KMS-230 and KMS-71 led to a decrease of
the latent period of the first licking of the paw sole with
significant changes observed in the groups of animals

Table

The effect of the benzilic acid derivatives studied on
the pain threshold in laboratory animals

Substance Th'?hlztf?rrg ﬁfl:ﬁg o The IatenF period
of the paw sole, sec of the first jump, sec

Control 98+1.3 15.8+2.4
KMS-49 214 +£2.3* 43.8 + 2.6*
KMS-69 12.8 £ 1.9% 304 £1.1%
KMS-228 13.6 £ 1.1% 29.0 + 1.6*
KMS-230 84+1.1 22.8 £1.9*%
KMS-71 82+1.3 172126
KMS-284 16.0 £ 1.6* 39.8 £1.5%
KMS-303 6.6 +1.1% 13.2+26
KMS-258 4.6+ 1.5% 13.2+1.6
KMS-68 12.8 £ 2.6* 226 £ 1.7%
KMS-73 14.0 £ 2.9% 18.8+2.2
KMS-229 10.0+0.7 21.2+£1.3%
KMS-282 112+£19 174 +£1.1

Note: * — p < 0.05 (vs. control animals).
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Fig. 1. The effect of the substances studied on the latent period of the first licking of the paw sole (* — p < 0.05 vs. control animals)

injected with KMS 303 and KMS-258 compared to the
group of control animals (Fig. 1). After introduction of
KMS-229 KMS-282 the pain threshold remained at the
same level compared to the control group. A significant
increase of physical endurance revealing in the exten-
sion of the latent period of the first licking of the paw sole
was observed in the groups of animals after introduction
of KMS-69, KMS-68, KMS-228, KMS-73, KMS-284
and KMS-49. The most active substance was KMS-49,
which introduction led to an increase of the pain threshold
in the experimental mice by 2.2 times compared to the
control group of animals.

The second parameter studied was the latent period
of the first jump (Fig. 2). Similarly, as in the previous
experiment, introduction of KMS-303 and KMS-258 re-
sulted in a decrease of the latent period of the first jump
compared to the group of control animals, and introduc-
tion of KMS-71, KMS-282 and KMS-73 did not signifi-
cantly affect this parameter. The rest of the substances

studied increased the latent period of the first jump. No-
tably that the most active substances were KMS-49 and
KMS-284.

In the experiment several compounds — benzilic acid
amides (KMS-228, KMS-230, KMS-282, KMS-283,
KMS-284), products of'its cyclization: KMS-229, KMS-258,
KMS-303 and six- and seven-membered thienolactames
and five-membered thienolactames with the function-
alized amide function (KMS-49, KMS-68, KMS-69,
KMS-71, KMS-73) were studied. Six- and seven-mem-
bered thienolactames did not show the analgesic activity
(at the level of the control group), and acid benzilic ami
des yielded far exceeded their activity. Hence, forma-
tion of cyclic products led to a decrease of the activity.
Introduction of the chlorine atom into molecules also
led to the decrease of activity (such compounds in pairs:
KMS-228 — KMS-230 and KMS-229 — KMS-258). At
the same time, the structural modification of the amide
group in thienopyrroles was effective. In the experiment

The latent period of the first jump, sec

1 — Control 4 — KMS-228 7 — KMS-284 10 — KMS-68 13 — KMS-282
2 — KMS-49 5 - KMS-230 8 — KMS-303 11 — KMS-73
3 - KMS-69 6 — KMS-71 9 — KMS-258 12 - KMS-229

Fig. 2. The effect of the substances studied on the latent period of the first jump (*— p < 0.05 vs. control animals)
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the most active substance was KMS-49 containing the
dimethylacetyl group. Probably in the body this group
is able to transform into the aldehyde or carboxyl group
effectively binding to the active sites of enzymes.
Another active compound was a derivative of KMS-284
belonging to other chemical group of compounds under
study — benzilic acid amides. In the molecule of this com-
pound there is 3-(5-methoxyindolil), which is a known
pharmacophore with the pronounced effects on the CNS.
Therefore, further search for effective substances with
the central analgesic effect among derivatives of ben-
zilic acid and functionalized derivatives of 6-0x0-4,4-

diphenyl-5,6-dihidro-4H-thieno[3,4-c]pyrrole-1-carboxy-
lic acid is promising.

CONCLUSIONS

The most active compounds under research appea-
red to be KMS-49 and KMS-284 after their introduc-
tion the latent period of the first licking of the paw sole
increased by 2.2 and 1.6 times, respectively; and the la-
tent period of the first jump — by 2.8 and 2.5 times, re-
spectively, compared to the control group at the signifi-
cance level p < 0.05.
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