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The results of screening of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives on
the antihypoxic activity are presented in the article. It has been determined that under the conditions
of acute hypobaric hypoxia compounds 4, 14 and 15 have shown the increase of the integral index
of the antihypoxic activity of substances — the overall lifetime of animals at the “high-altitude plateau”.
However, the mortality rate of animals reached 20% for compound 4, and it significantly exceeded
the control data. At the same time, compound 14 by its antihypoxic activity significantly increased the
overall lifetime of animals by 150% compared to the control data, but its effect was significantly weaker
than the effect of the reference drug mexidol, which increased the lifetime of animals by 197% (p<0.05). For
compound 15 the overall lifetime of animals increased by 186% compared to the control data (p<0.05)
and did not differ significantly from that of the reference drug. The data obtained indicate that most
of the substances studied — derivatives of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid —
demonstrate certain antihypoxic properties, as well as derivatives of 2-(2-oxoindolin-3-ylidene)acetic
acid previously researched. Moreover, only compound 15 corresponds to the antihypoxic efficacy of
the reference drug, and by the index of recovery of the animals’ physical activity after their staying at
the “high-altitude plateau” (the posture recovery time) it exceeds the effect of the antihypoxant drug

mexidol.

Hypoxia is a pathological condition that occurs when
there is an insufficient supply of oxygen to tissues or dis-
order of oxygen uptake during the process of oxidation.
It occurs under the conditions of oxygen deficiency in
the environment, and as a result of various pathological
processes and diseases associated with disorders of the
respiratory and cardiovascular systems, the blood trans-
port function or metabolism [1, 4]. In addition, very high
“hypoxic risk” is related to certain professions, such as
pilots, astronauts, mountaineers, alpine tourists, divers
and submariners, i.e. such working conditions that are
associated with the low partial pressure of oxygen in the
inhaled air. In everyday life people are influenced by the
physiological hypoxia. Under the physiological condi-
tions hypoxia develops during an intense muscular work,
mental activity, significantly enhanced physiological acti-
vity of the liver, kidneys and gastrointestinal tract, fe-
tal development and in old age. Consequently, practical
medicine regularly faces the problem of protecting the
body from complications arising from oxygen deficien-
cy [9]. In this regard, drugs affecting the metabolism du-
ring hypoxia — antihypoxants, which are agents that im-
prove oxygen consumption by the body and reduce oxy-
gen demand of tissues and organs, thereby increasing the
body’s resistance to oxygen deficiency, are of particular
interest. A wide choice of medicines with the antihypoxic
activity is presented at the pharmaceutical market of Uk-
raine; mexidol is considered to be one of the most active

and widely used drugs [3, 7], however, in many cases
its action is not sufficiently effective. Thus, the search
and introduction of new effective antihypoxants into cli-
nical practice is a topical issue of medicine and pharmacy.

The aim of the current study was to conduct scree-
ning of the antihypoxic activity among 2-(benzoyilami-
no)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives
under the conditions of acute hypobaric hypoxia.

Materials and Methods

24 Biologically active substances (BAS) — derivatives
of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)ace-
tic acid — synthesized at the Department of Analytical
Chemistry of the National University of Pharmacy by
professor S.V.Kolisnyk were selected for study (Fig.).
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Fig. The structural formula of 2-(benzoyilamino)(1-R-2-oxoindolin-3-
ylidene)acetic acid derivatives (compounds 1-24).
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Table 1

The life parameters of rats with acute hypobaric hypoxia of the critical level and when introducing
2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives and mexidol (M+m, n=6)

) The lifetime till the second Time of the posture
Group Time of the posture loss, s N

agonal inspiration, s recovery, s
Control 64.9+9.6 15.348.3 398.8+9.2
Mexidol 132.8+5.8% 25.6+8.6* 225.3+9.4*
Compound 1 66.7+4.7 25.0+3.2% 244.7+5.8*
Compound 2 43.8+10.7 15.0+£2.5 654.0+£7 4% /**
Compound 3 31.5+11.4 19.7+11.8 295.0+13.4*
Compound 4 131.3£18.7* 27.5+12.5 363.2+t14.4
Compound 5 60.0+10.6 14.0+5.2 240.0+£10.9%
Compound 6 57.5£7.8 27.5£5.2 263.6+6.9*
Compound 7 19.4+10.4% 9.6+7.2 333.0+10.0
Compound 8 23.0+5.9 9.2+8.3 257.3+4.2*
Compound 9 42.5+7.8 51.3£3.9%/** 278.2+6.2*
Compound 10 23.0+£10.5 28.0+9.8 264.2+10.0%
Compound 11 27.5+4.3 12.8+5.8 215.4+6.3*
Compound 12 39.0+10.3 29.249.2 310.8+7.5*
Compound 13 23.0+£9.5 14.0+10.3 205.2+8.8*
Compound 14 69.5+8.2 51.4+7.6%/** 265.4+5.7*
Compound 15 126.0+10.5* 23.5+5.7* 146.3+8.5%/**
Compound 16 13.4+8.4* 17.4+9.3 262.5+7.4%
Compound 17 15.5+5.4* 9.8+3.8 312.8+4.2*
Compound 18 61.0+6.7 37.8+4.8* 241.0+£10.6*
Compound 19 52.2+9.3 244+7.3 308.0+10.7%
Compound 20 25.2+4.8 19.0+5.2 276.2+£9.4*
Compound 21 53.8+7.4 17.4+6.4 289.8+9.7*
Compound 22 19.843.9*% 3.0+0.5*% 345.8+9.4
Compound 23 65.0+7.4 42.0+4.6* 341.4+8.7
Compound 24 70.046.5 28.0+7.5 309.8+7.3*

Note: * - significance compared to the control (p<0.05); ** - significance compared to mexidol (p<0.05).

2-(Benzoyilamino)(1-R-2-oxoindolin-3-ylidene) ace-
tic acids (compounds 1-4), and their phenyl- (compounds
5-11), naphthalen- (compounds 12-14) phenethyl- (com-
pounds 15-17), hydroxynaphthalenamides (compounds 23-24)
and ethyl esters of N-[2-(benzoyilamino) (2-oxoindolin-
3-ylidene)acetyl]glycine (compounds 18-22) were studied.

The animals were kept under the standard vivarium
conditions at a constant temperature and humidity with
free access to food and water. All manipulations were
carried out in accordance with the European Union Di-
rective 2010/63/EU on the protection of animals used for
scientific purposes.

The research was conducted under the conditions of
acute hypoxia on 156 nonlinear white mature male rats
weighing 180-200 g aged 3 months and moderately resis-
tant to hypoxia. The resistance of animals to hypoxia was
determined 2 weeks prior to the research by the known
method [2]. Acute hypobaric hypoxia was simulated in
the modified flow pressure chamber by imitation of the
lifting of rats to an altitude of 12000 metres. “Ascent”
and “descent” of animals were carried out at a speed of
50 m/s. At the “high-altitude plateau” rats were main-

tained until the second agonal inspiration, and then the
“descent” to the previous zero altitude was performed
[11]. The substances studied were administered intrape-
ritoneally 35 min before hypoxia modelling in the dose
of 15 mg/kg in the form of an aqueous suspension sta-
bilized by polysorbate 80 (Tween 80) (AppliChem GmbH,
Germany) [6, 8]. The reference drug — antihypoxant me-
xidol (ethylmethylhydroxypyridine succinate) was ad-
ministered in the dose of 100 mg/kg [10]. The animals
of the control group were injected with an equivalent
amount of an aqueous suspension with polysorbate 80.
Doses of substances were selected according to the pub-
lished data concerning the antihypoxic activity in expe-
rimental studies.

The antihypoxic activity of substances was assessed by
the animals’ survival indices at the “high-altitude plateau’:
the time of the posture loss; the lifetime — the time till
the second agonal inspiration; the posture recovery time
after termination of hypoxia and a gradual return of ani-
mals to the previous zero altitude; and the overall life-
time of animals — summation of the time of the posture
loss and the lifetime [5].
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Statistical analysis of the results was performed using
SPSS Statistics 17.0 and Microsoft Excel 2013 software.
Statistical significance was assessed using parametric Stu-
dent’s t-test (for normal distribution) and non-paramet-
ric Mann-Whitney U-test (in case of non-normal distri-
bution). The critical level of significance was accepted
as p<0.05.

Results and Discussion

The results of the antihypoxic activity screening of
the compounds studied compared to the control group
and the action of the reference drug mexidol are presen-
ted in Tab. 1.

Analysis of screening 2-(benzoyilamino)(1-R-2-oxo-
indolin-3-ylidene)acetic acid derivatives have shown that
the most significant prolongation of life parameters in
acute hypobaric hypoxia of the critical level according
to the highest index of the lifetime at the “high-altitude
plateau” after the loss of posture till the second agonal
inspiration (p<0.05) have animals treated with compo-
unds 1, 4, 9, 14, 15, 18, 23 and 24 (Tab. 1). The highest
index of the time of the posture loss at the “high-alti-
tude plateau” was for 2-(benzoyilamino)(1-propyl-2-oxo-
indolin-3-ylidene)acetic acid (compound 4) and for phe-
nylethylamide 2-(benzoyilamino)(1-methyl-2-oxoindolin-
3-ylidene)acetic acid (compound 15), it exceeded the cont-
rol data by 2 and 1.9 times (p<0.05), respectively. The
index of the posture recovery time after the beginning of
the “descent” of animals from the “high-altitude plateau”
was significantly lower compared to the control data for
almost all BAS under research except compounds 2, 4,
7,22,23. In the group of phenylethylamide 15 this index
was the lowest, and it significantly exceeded the antihypo-
xic efficacy of the reference drug mexidol by 1.5 times.

After administration of compounds 4, 9, 18, 23 and
24 such adverse reactions as convulsions and cyanosis of
the skin and mucous membranes were observed. It was
also found that among substances exhibiting the signi-
ficant antihypoxic activity only compounds 14 and 15
did not cause any external signs of side effects after their
administration when modelling hypoxia.

Compounds 4, 14 and 15 demonstrated the increase
of the integral index of the antihypoxic activity of sub-
stances — the overall lifetime of animals at the “high-al-
titude plateau” (Tab. 2). However, the mortality rate of
animals reached 20% for compound 4, and it significantly
exceeded the control data. At the same time, amide 14 by
its antihypoxic activity significantly increased the ove-
rall lifetime of animals by 150% compared to the cont-

Table 2

The integral antihypoxic activity of some
2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)
acetic acid derivatives under the conditions of acute
hypobaric hypoxia compared to the action of mexidol

(M+m; n=6)
Activity in | Activity in
Group .Ov.erall relation to relatipn to
lifetime, s the control, | mexidol,
% %
Control 80.2+17.9
Mexidol 158.4+14 4% 197 100
Compound 4 158.8+31.2*% 198 100
Compound 14 | 120.9+15.8*/** 150 76
Compound 15| 149.5+16.2*% 186 94

Note: * — significance compared to the control (p<0.05);
** _ significance compared to mexidol (p<0.05).

rol data, but its effect was significantly weaker than the
effect of the reference drug mexidol, which increased the
lifetime of animals by 197% (p<0.05). For compound 15
the overall lifetime of animals increased by 186% com-
pared to the control data (p<0.05) and did not differ sig-
nificantly from that of the reference drug.

The data obtained indicate that most of the substances
studied — derivatives of 2-(benzoyilamino)(1-R-2-oxo-
indolin-3-ylidene)acetic acid — demonstrate certain anti-
hypoxic properties, as well as derivatives of 2-(2-oxoin-
dolin-3-ylidene)acetic acid previously researched [8]. Mo-
reover, only compound 15 corresponds to the antihypoxic
efficacy of the reference drug, and by the index of reco-
very of the animals’ physical activity after their staying
at the “high-altitude plateau” (the posture recovery time)
it exceeds the effect of the antihypoxant drug mexidol.

CONCLUSIONS

1. The results of screening have shown that deriva-
tives of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)
acetic acid are a promising class of compounds for crea-
ting antihypoxic medicines on their basis, and it is the
basis for further pre-clinical studies of pharmacological
properties of these compounds.

2. Compound 15 corresponds to the action of the re-
ference drug mexidol by its antihypoxic activity, and sig-
nificantly exceeds its effect by the index of recovery of
the physical activity after the animals’ staying at the “high-
altitude plateau”.
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CKPUHIHI NOXIAHUX 2:(EEH30'I'J1AMIH9)(1 -R-Z-QKCOIH.D,OHIH-3-IJ1IJJEH)OLI,TOBO'I'
KUCNOTU NPU TOCTPIN NNOBAPUYHIU TINMOKCII

I.I.3amopcskkull, KO.C.Bykamapy, E.J1.JleHza, C.B.KonicHuk, O.0.Anmyxoe

Knrovoei criosa: aHmueinokcaHmu; 2inobapuyHa 2iroKcisi;

noxioHi 2-(6eH3oinamiHo)(1-R-2-okcoiHdoniH-3-inideH)oymosoi kucriomu, Mekcudor

HasedeHi pesyrnsmamu CKpUHiHay noxiOHux 2-(6eH3oinamiHo)(1-R-2-okcoiHAoniH-3-irideH)oumosor
Kucriomu Ha aHmueiriokcaHmHy akmueHicmb. BcmaHoeneHo, wo 3a ymos 2ocmpoi 2inobapuyHoi ai-
MOKCIi 36iNbWeHHsT iIHmeepanbHO20 MoKa3HUKa aHmMu2inoKcaHmMHOI akmueHOCMi Pe408UH — 3a2allb-
HuUU Yac Xummsi meapuH Ha «8UCOMHOMY riamox» — OeMOHCMpy8asiu PedyosuHuU rid Homepamu 4, 14
i 15. lpome 0Ornisi pe4yosuHU 4 pieeHb CMepPmMHOCMIi MmeapuH fpu nPo8edeHHi 00CNidKeHb cmaHo8u8
20%, wo 3Ha4yHO nepesuwlysano KoHmporsbHi daHi. lNpu ybomy crionyka nid Homepom 14 3a aHmMu-
2imoKcaHMHOK akmuegHicmio 00CcmoegipHO 36inbWyeana 3a2alsibHy mpueasicmb Xumms meapuH Ha
150% w000 OaHUX KOHMPOJIIO, asne 8ipo2iOHO nocmyrasnacek fpernapamy MopieHSIHHSA MeKkcudony: uel
nikapcbKul 3acib 36inbuwysas Yac xumms meapuH Ha 197% (p<0,05). [ns pe4oguHuU nid HOMEpPOM
15 3acanbHa mpuearsnicme Xumms meapuH 3pocmara Ha 186% y nopieHsIHHI 3 daHUMU KOHMPOITHO
(p<0,05) i 8ipociOHO He siOpisHsnacs 8id nokasHukie peghepeHc-npenapamy. OmpumaHi OaHi ekasy-
tomb Ha me, wo binbwicms 00CidXy8aHUX PEY08UH, MOXiOHUX 2-(6eH3oinamiHo)(1-R-2-0KCcoiHOOMIH-
3-inideH)ouymoesoi Kucriomu rnposiensAoms rneeHi aHmueairnokcaHmHi enacmusgocmi. BoOHodac minbku
peyosuHa 3a Homepom 15 He nocmynaembcs 3a aHmMua2inoKcaHmMHo eghekmusHicmio i npenapa-
my MOPI8HSIHHS, a 3a MOKa3HUKOM 8iOHOBTEHHST (Yi3UYHOI akmueHOCMi meapuH ricsisi ix nepebysaHHs
Ha «8UCOMHOMY r/1amoy (4acom 8i0HO8IeHHs Mo3u) nepesepuwye Oit0 8i00M0O20 aHMuU2irnokcaHma
mekcudorny.

CKPUHUHI NPOU3BOAHbIX 2-(BEH30UITAMUHO)(1-R-2-OKCOUHOOJNTUH-3-UNUOEH)
YKCYCHOW KUCNOTbI NPU OCTPON TMNOBAPUYECKOW TMNOKCUN

U.N.3amopckul, FO.C.Bykamapy, 3.J1.JleHza, C.B.KonecHuk, A.A.Anmyxoe

Knroveenle crnioea: aHmuaunokcaHmsl; 2uriobapudyeckasi 2UrioKCUsi; npou3eo0HbIe
2-(6eH3ounamuHo)(1-R-2-0KcouHOOMUH-3-UnuGeH)yKCyCHOU KUCI0MbI; MeKcudon

[pusedeHbi pe3yribmamsl CKpUHUH2a rpou3so0HbIx 2-(6eH3ournamuHo)(1-R-2-0kcouHOOMUH-3-unudeH)
YKCYCHOU KUC/I0Mbl HA @aHMuU2UrnoKCaHMHY akmugHOCMb. YcmaHOo8eHo, Ymo 8 ycriogusix ocmpou
aurnobapuyveckol 2UroKcUU ysenuyeHue uHmezpanbHo20 rnokasamersisi aHmuauriokcaHmHouU akmus-
Hocmu seuwjecmes — obljee 8pems XU3HU XXUBOMHbIX Ha «8bICOMHOM r1/1amo» — 0eMOoHCmMpuposasnu
seujecmsa nod Homepamu 4, 14 u 15. OdHako, Onsi sewecmea 4 ypo8eHb CMEPMHOCMU XKU80M-
HbIX ripu nposedeHuu uccnedosaHuli cocmasusi 20%, 4mo 3Ha4umesibHO MPeeabILano KOHMPOsIbHbIE
OaHHble. [Mpu amom coeduHeHue nod Homepom 14 o aHmMuaurnokcaHmMHoOU akmugsHocmu 0ocmosep-
HO ygenu4uearsio obuyro npodomKUMeIbHOCMb XU3HU XU80MHbIX Ha 150% omHocumernbHO OaHHbIX
KOHMporis, HO 0CMO8EePHO ycmynarso npernapamy cpasHeHUss MeKkcudorly: 3mo fieKkapcmeeHHoe
cpedcmeo ysenuyuearno epeMs XU3HuU XueomHbix Ha 197% (p<0,05). [ns eewecmea nod Home-
pom 15 obwasi MPodormKUMenbHOCMb XU3HU XUBOMHbIX eo3pacmarna Ha 186% no cpasHeHuro ¢
OaHHbIMU KoHmporns (p<0,05) u docmosepHo He omruy4anack om riokasdamerel peghepeHc-rnpe-
rnapama. lornyyeHHble 0aHHbIe yKa3bigarom Ha mo, 4mo 60MbWUHCMEOo uccriedyembix eewecms, rnpo-
U3800HbIX 2-(6eH3ounamuHo)(1-R-2-0KkcoOUHOOMUH-3-UnudeH)yKCyCHOU KUCIomabl MPOsI8Isitom orpe-
OerieHHble aHMuUaunoKkcaHmHble ceolicmea. B mo xe epemsi mornbko sewecmeo nod Homepom 15
He ycmyrnaem o aHmuaurokcaHmHoU sghgpekmusHocmu delicmeauro riperapama cpasHeHus, a ro
rokazameJsito 80CCMaHo8IeHUs] (U3UYECKOU aKmUBHOCMU XUBOMHbIX 110C/e UX rpebbieaHusi Ha
«8bICOMHOM M1amo» (8peMsi 80CCMaHOBIEHUS MO3bl) npesocxodum delicmeue u3eecmHo20 aHmu-
eurnokcaHma mekcuoona.



