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The experimental study of the antihypoxic and antioxidant
activity of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine derivatives

Aim. To study the antihypoxic and antioxidant activity of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine derivatives on
the models of the experimental pathology.

Materials and methods. The study of the antihypoxic activity of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine deriva-
tives was conducted on the model of acute hemic hypoxia, the antioxidant action was studied on the model of toxic
tetrachlorometane hepatitis.

Results and discussion. It was found that the activity of compounds KMS-161, KMS-164, KMS-166, KMS-168,
KMS-174, KMS-176, KMS-191 was lower compared to mexidol, and the antihypoxic activity of compounds KMS-162,
KMS-163, KMS-172, KMS-178, KMS-179, KMS-211, KMS-214, KMS-217 was close and slightly higher than the ac-
tivity of mexidol in its median effective dose of 100 mg/kg. The marked antihypoxic activity was found in all groups
studied. In the “structure — activity” analysis it was found that the antihypoxic activity among derivatives of 5,7-dihydro-
1H-pyrrolo-[2,3-d]pyrimidine was caused by their nature, the structure of the radical and the position of the substitu-
ent. The presence of the pyrrole ring in the molecule of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine led to the increased
antihypoxic activity. A comparative analysis of the effectiveness of the objects studied showed that substances with the
code of KMS-162, KMS-176, KMS-191, KMS-211, KMS-214, KMS-217 affected most positively on the state of AOS
and LPO in conditions of acute hepatitis.

Conclusions. In a series of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine derivatives the most active was compound
KMS-211, which showed the high antihypoxic activity (131 %) in relation to the control group and exceeded the reference
drug mexidol by 45 %. Synthetic derivatives of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine exhibited the antioxidant activity
(compound KMS-211 was the most active). The compounds studied may be the basis for the purposeful synthesis of
antihypoxants and antioxidants.

Key words: derivatives of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine; hypoxia; antihypoxic action; lipid
peroxidation; hepatitis; antioxidant activity
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EkcnepumeHTanbHe BUBYEHHA aHTUTINOKCUYHOI Ta aHTUOKCUOAHTHOI aKTUBHOCTI

noxigHux 5,7-pgurigpo-1H-nipono-[2,3-d]nipumignny

MeTa — gocnignTn aHTUrNOKCUYHY Ta aHTUOKCUMAAHTHY aKTUBHICTb NoXiAHUX 5,7-gurigpo-1H-nipono[2,3-d]nipumi-
OVHY 32 YMOB eKCrepvIMeHTanbHoi NaTonorii.

MaTtepianu Ta metoau. [locnigKeHHs aHTUMNOKCMYHOT akTMBHOCTI noXigHux 5,7-aurigpo-1H-nipono[2,3-d]nipu-
MiZVMHY NPOBOAMIM HA MOAENI FOCTPOI reMiYHOI FNOKCIi; aHTMOKCUAAHTHOI Aiil — Ha MOAEenNi TOKCUYHOro TeTpaxnopome-
TaAHOBOTO renaTuTy.

PesynbraTy Ta ix 06roBopeHHs. BctaHoBneHo, Lo akTuBHicTb cnonyk KMS-161, KMS-164, KMS-166, KMS-168,
KMS-174, KMS-176, KMS-191 6yna Hmx4a NOpPiBHSAHO 3 MEKCUAOOM, @ aHTUMMOKCMYHA aKTUBHICTb crionyk KMS-162,
KMS-163, KMS-172, KMS-178, KMS-179, KMS-211, KMS-214, KMS-217 HabnuxaeTbCca Ta AELL0 NepeBULLYE ak-
TMBHICTb MEKCHAoMy B oro cepenHboedekTuBHiIn fosi 100 mr/kr. Bca gocnigkyBaHa rpyna BUsiBUNa BUpaxeHy aHTu-
riNOKCWMYHY akTMBHICTb. [pn aHanisi «CTpyKTypa — aKTUBHICTb» BCTAHOBIIEHO, LLO aHTUMMOKCUYHA aKTUBHICTb Y paay
noxigHux 5,7-aurigpo-1H-nipono[2,3-d]nipumMianHy 3ymoBneHa NnpupoAoto, NOMOXEHHSAM 3aMiCHMKA | CTPYKTYpU paau-
kany. HasBHicTb niponbHoOro uukny B monekyni 5,7-aurigpo-1H-nipono[2,3-d]nipyumiguHy npuBoauTb 40 MiABULLEHHA
@HTUTINOKCUYHOI aKTUBHOCTI. MNOpiBHANBHWI aHani3 edpeKkTUBHOCTI A4OCNiAXyBaHMX 06’eKTiB NOKasas, Lo HanbinbLw
no3nTtneBHo Ha ctaH AOC Ta npouec NOJ1 3a ymMOB rocTporo TeTpaxropoMeTaHoOBOro renatuTy BNAMBaKTb CybcTaHLUil
nig wudppamm KMS-162, KMS-176, KMS-191, KMS-211, KMS-214, KMS-217.
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BucHoBku. B psgy noxigHux 5,7-gurinpo-1H-nipono[2,3-d]nipumiguHy HanakTusHiwoto € cnonyka KMS-211, saka
nposiBUNa HamBuLLY aHTUTMNOKCUYHY akTUBHICTb (131 %) BIOHOCHO KOHTPOMbHOI rpyny Ta nepeBuLLyBana npenapar
NOpiBHAHHA Mekcnaon Ha 45 %. CuHTeTu4HiI noxigHi 5,7-auriapo-1H-nipono(2,3-d]nipumianHy nposiBUNM aHTUOKCK-
OaHTHY aKkTUBHICTb (HanbinbLlu akTneHa cnonyka KMS-211). JocnigxysaHi cnonyku MoxyTs O6yTu 6a3oto ans uinecnps-
MOB@HOTO CMHTE3Y aHTUIMOKCAHTIB Ta aHTUOKCUAAHTIB.

Knrodoei cnoea: noxioHi 5,7-0u2iopo-1H-nipono[2,3-dJnipumiduHy; 2irnokcisi; aHmueirnokcu4yHa 0isi; nepeKucHe
OKUCHEeHHS ninidig; eenamum, aHMUoKcuOaHmHa akmusHicmp

B. A. Bonkosow, A. B. Cesptokos, C. B. KonecHuk, H. B. depkay, C. W. KpbikHas, M. A. Octaney,

JKkcnepuMeHTanbHOe N3yYeHUe aHTUrMNOKCUYECKOU U aHTUOKCUAAHTHOW aKTUBHOCTHU
npousBoaHbIX 5,7-guruapo-1H-nuppono-[2,3-d] nupumuanHa

Llenb — nccrnenoBatb aHTUIMMOKCUYECKYHO M @HTUOKCUAAHTHYH aKTUBHOCTb NMPOM3BOAHbIX 5,7-aurngpo-1H-nuppono-
[2,3-d]nMpumuanHa B yCrioBUsiX aKCnepuMeHTarbHOM NaTonormu.

Martepwmanbi u meToabl. VlccrnenoBaHmne aHTUIMNOKCUYECKON aKTUBHOCTM MPOM3BOAHbBIX 5,7-anrnapo-1H-nuppono-
[2,3-d]nMpumuguHa npoBoAMIM HA MOAENN OCTPON FEMUYECKON MTMMOKCUN; aHTUOKCUAAHTHOIO AENCTBUS — HAa MOgenu
TOKCMYECKOro TeTpaxnopMeTaHoOBOro renatura.

Pe3ynbTrathl U X 06CYyXAeHMe. YCTaHOBIEHO, YTO aKTUBHOCTb coeanHeHun KMS-161, KMS-164, KMS-166,
KMS-168, KMS-174, KMS-176, KMS-191 Gbina Huxe no cpaBHEHMIO C MEKCMAOIOM, @ aHTUIMNOKCMYecKas akTuB-
HoCTb coeamHeHnn KMS-162, KMS-163, KMS-172, KMS-178, KMS-179, KMS-211, KMS-214, KMS-217 npubnmxa-
€TCS U HECKOINbKO NPEeBbILLIAET akTMBHOCTb MeKcuaona B ero cpegHeaddektnsHom gose 100 mr/kr. Bo Bcex nccneny-
eMblX rpynnax obHapyxeHa BblpaKeHHas aHTUTMMOKCUYECKas akTUBHOCTb. [1pu aHanm3e «CTPyKTypa — akTUBHOCTbY
YCT@HOBIEHO, YTO aHTUIMMNOKCMYECKas akTMBHOCTb B PsSAy NpousBoaHbIX 5,7-aurngpo-1H-nuppono-[2,3-dlnupumu-
AvHa obycrnoBneHa npupoaon, NonoXeHMeM 3aMecTUTENS U CTPYKTYpOW pagukana. Hanuyne nupponbHoro umkna B
monekyne 5,7-gurnapo-1H-nuppono-[2,3-djnMpumMuanHa npuBoauT K NMOBBILLIEHNIO aHTUIMMNOKCUYECKOW aKTUBHOCTU.
CpaBHUTENbHbIN aHanm3 adeKTUBHOCTY UccneayeMbiXx 0ObEKTOB Nokasar, YTo Haubonee NoNoXUTenbHO Ha COCTO-
ssHne AOC u npouecc MOJT B ycnoBmsx 0CTPOro TeTpaxyiopMeTaHOBOIo renatuTa BNUAT cyOcTaHumy nog wudpamm
KMS-162, KMS-176, KMS-191, KMS-211, KMS-214, KMS-217.

BeiBoabl. B psay npoussogHbix 5,7-aurnapo-1H-nnppono-[2,3-djnupummnanHa akTMBHbLIM SBRSETCA COeauHe-
Hve KMS-211, koTopoe NposiBUMO BbICOKYK aHTUIMMNOKCMYECKY0 akKTMBHOCTb (131 %) OTHOCMTENBHO KOHTPOSbHOW
rpynnbl 1 NPEBOCXOAMUIIO NpenapaT cpaBHeHUs Mekcuaon Ha 45 %. CuHTeTnyeckue nponssogHele 5,7-gurngpo-1H-
nuppono-[2,3-djnMpumMuanHa NposiBUIIN aHTUOKCUAAHTHYH0 akTUBHOCTb (Hanbornee akTuBHoe coeanHeHne KMS-211).
Vccnepnyemble coeamMHeHnsa MOryT ObITb 62301 Ansi ueneHanpaBneHHOro CMHTE3a aHTUMMMOKCAHTOB U aHTUOKCUAAHTOB.

ISSN 2415-8844 (Online)

Knrodeenie cnoea: rnpoussodHsie 5,7-0ueudpo-1H-nuppono-[2,3-dinupumuduHa; 2unokcusi;
aHmueuriokcuyeckoe Oelicmeue; NepekuCcHoe oKuceHue nunudos; eenamum; aHmMuUokcuGaHmMHasi akmueHOCMb

In development of most pathological processes hypoxia
plays an important role. At the bottom of any hypoxia
is deficiency of the cell energy. When hypoxia occurs,
the intensity of lipid peroxidation and formation of free
radicals in the membranes of endothelial cells increase,
it leads to disturbance of membrane structures and ion
channels [1]. To protect organs and systems in the hu-
man body it is necessary to create drugs with a pronoun
ced antihypoxic effect. Thus, it is advisable to study the anti
hypoxic and antioxidant activity of new synthetic com-
pounds — derivatives of 5,7-dihydro-1H-pyrrolo-[2,3-d]
pyrimidine [2].

Materials and methods

The objects of research were 15 derivatives of 5,7-
dihydro-1H-pyrrolo-[2,3-d]pyrimidine (KMS-163, KMS-164,
KMS-166, KMS-168, KMS-172, KMS-174, KMS-178,
KMS-179, KMS-191, KMS-185, KMS-190, KMS-191,
KMS-211, KMS-214, KMS-217). The study was per-
formed at the premises of the Central Research Labora-
tory of the National University of Pharmacy. The experi-
ments were conducted on nonlinear white mice weighing
20-25 g; they were divided into several groups. The anti-
hypoxic activity was studied on a model of acute hemic
hypoxia caused by a subcutaneous injection of sodium
nitrite in the dose of 225 mg/kg. The antihypoxic effect

was assessed observing the life expectancy of animals
[3].The antihypoxic properties of the compounds were
studied on the models of acute hepatitis caused by tetra-
chloromethane. The animals of the experimental groups
and the control group received intragastrically 50 % oil
solution of four-chloride carbon at the rate of 0.04 ml
per 10 g of the body weight. Tetrachloromethane solu-
tion was not injected to the group of control animals.
In 2 hours the mice were injected with the substance
again, the reference drug and an equivalent amount of
water (intact control groups and control pathology) [4].
The intensification of free radical processes in the liver
in this condition was assessed by the quantitative con-
tent of the organ homogenate LPO — TBA-reagents in
the final product using the generally accepted methods.
The degree of functionally important cells of antioxi-
dant molecules was determined by the content of redu-
ced glutathione (RGT) using the method of E. L. Beutler
etal. [5, 7].

The results obtained were compared with the referen-
ce drug — mexidol, a widely known as an antihypoxant
and antioxidant in medical practice [6, §].

Results and discussion

The analysis of the results shows a high antihypoxic
activity of these substances in terms of the life expectan-
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Table 1

The antihypoxic activity of 5,7-dihydro-1H-pyrrolo-
[2,3-d]pyrimidine derivatives on the model of acute
hemic hypoxia (X+S),n=6

Table 2

The antioxidant activity of 5,7-dihydro-1H-pyrrolo-
[2,3-d]pyrimidine derivatives on the model of toxic
hepatitis on day 3 of the experiment (X £S),n=6

The The activity The activit Conditions
average life | inrelationto | . HviEy of the LMC, % RGT TBA-reagents
Substance in relation to .
expectancy, | the control, . experiment
. N mexidol, %
o & Intact 492+066 | 57.06+3.10 | 5521562
KMS-161 53 £0.31* 151 95 control Tt T T
- *¥*
KM5-162 | 66+0.29 189 118 Control 1 ¢ 934 0.25% | 23,67+ 1.92* | 11648+ 4.1*
KMS-163 70 +£0.27 200 125%/#% pathology
KMS-164 50 + 0.62* 143 89 KMS-161 6.76 + 0.36* 42;&1 f*i* 3438 78'73;?2 *6-1 8
KMS-166 | 47 +0.37 134 84 = /
KMS-168 | 49 +0.42* 140 88 KMS-162 | 674+037% | P304 1458 | 76827568
KMS-172 71+0.63 203 127%* 6234+337 | 9823%772
KMS-174 48 + 0.24* 137 86 KMS-163 | 6.91 £0.18% | "y s -
KMS-176 51+0.30 146 91
5882+£3.22 | 92.72+22
KMS-178 | 64+0.61 183 114** KMS-164 | 6.92£0.11* o By Sy
KMS-179 68 +£0.21 194 121%* 64.72 +2.37 | 88.62 +6.02
) " J2+£2. 6216
KMS-191 47 +£0.58* 134 84 KMS-166 6.91+0.17 WAk *EEx
KMS-211 81 +0.38 231 145%* } xx | 2663 =1.89 | 90.85+5.94
KMS-214 68 + 0.18* 194 121% fM>168 | 688=04 A L
KMS-217 60+0.15 171 107%/** i x | 30.58+2.19 | 98.60 £ 3.21
Control 35 100 65 (Ms172 | 69102 Wi Wi
Mexidol 56* 160 100 KMS-174 | 68903+ | 288 2256 | 79622694
Notes: * - p < 0.05 compared to the control group; ** — p < 0.05 66.43 + 4.00
compared to the mexidol. KMS-176 6.72 £ 0.43* | 54.83 £ 4.8*** -
cy compared to mexidol in mice. It was found that the |KMS-178 6.87 £ 0.31*% 3:1/2*5 /l;*i'z 86'5*3,§*7‘85
activity of compounds KMS-161, KMS-164, KMS-166, 20352294 | 80422547
KMS-168, KMS-174, KMS-176, KMS-191 was lower |KMS-179 6.92 + 0.42% By yivee
compared to mexidol, and the antihypoxic activity of
compounds KMS-162, KMS-163, KMS-172, KMS-178,  |KMS-191 | 6.54 039 | >3#2£4.82 | 6682 +4.06
KMS-179, KMS-211, KMS-214, KMS-217 was close
and slightly higher than the activity of mexidol in its |KMS-211 | 6,57 +0.42% | >>16£2.14 | 65.30£5.31
median effective dose of 100 mg/kg (Tab. 1). 67621469
The marked antihypoxic activity was found in all |KMS-214 6.56 + 0.4% |51.23 +3.8%** s
groups studied. In the “structure — activity” analysis it 81483 | 68725504
was found that the antihypoxic activity among deriva- |KMS-217 6.62 £ 0.42% s s
tives of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine was 862162 | Toeaze
caused by their nature, the structure of the radical and the | Mexidol 6.63 + 0.48* R S

position of the substituent. The presence of the pyrrole
ring in the molecule of 5,7-dihydro-1H-pyrrolo-[2,3-d]
pyrimidine led to the increased antihypoxic activity.

Among 5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidine
derivatives the most active was compound KMS-211,
which showed the high antihypoxic activity (131%) in
relation to the control group and exceeded the reference
drug mexidol by 45 %.

On day 3 in the control pathology group there was a
significant increase in the level of TBA active products
and decrease of RGT in the liver homogenate. The chan-
ges in these parameters indicate activation of LPO due
to the oxidative action of hepatotoxins. A significant in-
crease in the liver mass coefficient (LMC) compared to the
intact controls was also recorded, confirming the severity
of tetrachloromethane-induced pathology. Deaths of the

Notes: * - p < 0.05 compared to the intact control; ** - p < 0.05
compared to mexidol; *** — p < 0.05 compared to the control

pathology group.

experimental animals treated with compounds with the
code of KMS-162, KMS-163, KMS-174, KMS-176,
KMS-178, KMS-191, KMS-211, KMS-214, KMS-217
were not recorded.

The results of the studies of the antioxidant activity
of 5,7-dihydro-1H-pyrrolo [2,3-d] pyrimidine derivati-
ves are presented in Tab. 2.

Compounds with the code of KMS-174, KMS-178,
KMS-179, KMS-181, KMS-185, KMS-190, KMS-191,
KMS-211, KMS-214, KMS-217 significantly reduced
the content of TBA-reagents. These changes in the con-
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tent of TBA active products indicate the ability of the
abovementioned compounds to inhibit LPO, and it pro-
ves their antioxidant properties.

Compounds with the code of KMS-163, KMS-164,
KMS-166, KMS-168, KMS-172 did not have a signifi-
cant effect on the rate of TBA-active products, indicating
the absence of the antioxidant activity in the compounds
in the dose studied.

Thus, the analysis showed that compounds with the
code of KMS-185, KMS-190, KMS-191, KMS-211,
KMS-214, KMS-217 affected the state of LPO most po-
sitively in conditions of acute hepatitis. The most activity
was revealed by compound KMS-211.

CONCLUSIONS

1. In a series of 5,7-dihydro-1H-pyrrolo-[2,3-d]pyri-
midine derivatives the most active was compound KMS-211,
which showed the high antihypoxic activity (131 %) in
relation to the control group and exceeded the reference
drug mexidol by 45 %.

2. Synthetic derivatives of 5,7-dihydro-1H-pyrrolo-
[2,3-d]pyrimidine exhibited the antioxidant activity (com-
pound KMS-211 was the most active).

3. The compounds studied may be the basis for the
purposeful synthesis of antihypoxants and antioxidants.
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