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On the model of acute normobaric hypoxic hypoxia with hypercapnia the antihypoxic action of new
derivatives of benzilic acid, namely — N-heterylamides of benzilic acid and products of their intramolecular
cyclodehydration — thienolactams with five-, six- and seven membered cycles, respectively. Amides
have also been studied on the basis of five-membered lactam — derivatives of thieno[3,4-bjpyrrol-
6-carboxylic acid. According to the result of our studies the following regularities have been found.
The cyclization products of benzilic acid amides significantly exceed the antihypoxic activity of the
parent compounds, and it indicates the prospects of conducting the studies among the products of
heterocyclization of N- heterylamides of benzilic acid. It should also be noted that modification of the
ester group in position 6 of 2-oxo-3,3-diphenyl-2,3-dihydro-1H-thieno[3,4-b]pyrrole-6-carboxylic acid
appeared to be appropriate. Amides based on this compound (KMS-68, KMS-69, KMS-71) during the
experiment showed the maximum life span of the animals under research.

Hypoxia occurs with the lack of oxygen in the in-
haled air and blood, as well as in disturbance of the bio-
chemical processes of tissue respiration. Because of this
oxygen deficiency the irreversible changes occur in or-
gans. The central nervous system, heart muscle, kidney
tissues, and liver are the most sensitive to the lack of
oxygen.

To reduce hypoxia pharmacological products the me-
thods that increase the supply of oxygen to the body and
improve its utilization are used [3, 4]. The aim of this
work was to determine the antihypoxic activity of the
new pharmacologically active compounds synthesized
in the range of benzilic acid derivatives.

Materials and Methods

The object of the study of the antihypoxic action was
the new group of compounds of benzilic acid derivati-
ves synthesized at the Organic Chemistry Department of
the National University of Pharmacy, namely — N-hete-
rylamides of benzilic acid and products of their intramo-
lecular cyclodehydration — thienolactams of five-, six-
and seven membered cycles, respectively. Amides also
were studied on the basis of five-membered lactam —
derivatives of thieno[3,4-b]pyrrol-6-carboxylic acid.

The studies of the antihypoxic activity of new de-
rivatives of benzilic acid were conducted on the model
of acute normobaric hypoxic hypoxia with hypercapnia
(ANHHH). Determination was conducted according to
the guidelines “Preclinical studies of drugs” edited by
0O.V.Stefanov in outbred mice weighing 20-26 g; they
were kept in the vivarium of the Central Research La-
boratory of the National University of Pharmacy in stan-
dard conditions on a normal diet with free access to food
and water [5]. Animals were divided into 17 groups; 5 mice
in each group. Animals in the groups under research re-
ceived once an aqueous solution of the substance studied
orally by gavage in the dose of 12 mg/kg 60 min before
the experiment. Control animals were injected with the

corresponding volume of saline. ANHHH was modelled
by placing the mice in isolated containments. The ob-
servation lasted until the death of animals [1, 6, 7].

The antihypoxic activity was assessed by the life span
(min) in relation to the control taken as 100% by the
formula:

AA = t,/t,x100%,

where: AA — is the antihypoxic activity (%); t, — is the
life span of the experimental animals; t, — is the life span
of control animals [2].

The statistical processing of the research results was
performed using Student’s t-test. Differences were con-
sidered significant at p<0.05.

Results and Discussion

The data obtained in the study of the antihypoxic ac-
tivity of the new pharmacologically active compounds
synthesized in the range of benzilic acid derivatives are
given in Table and Fig. 1, 2. As seen from the results,
14 of the compounds studied showed the antihypoxic
activity out of 16, including 13 compounds that caused
significant changes. The most effective substances were
amides of thieno[3,4-b|pyrrol-6-carboxylic acid (KMS-68,
KMS-69, KMS-71), and thienolactams (KMS-229 and
KMS-258). Introduction of substance KMS-68 led to 8.8 min
increase of the life span of animals in the study group; it
was by 73.68% more than in the control group. In ani-
mals treated with the dose of N-3-indolyl amide (KMS-69)
and benzylamide (KMS-71) there was 8.3 and 8.4 min
increase of the life span, respectively. It is by 69.32% and
69.90% above the control value. KMS-229 and KMS-258
also revealed the antihypoxic activity: they increased the
life span of laboratory mice by 66.86% and 55.78%,
respectively.

It should be also noted that when introducing the ori-
ginal methyl ester (KMS-10) to the group of experimen-
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Table

The antihypoxic activity of the new pharmacologically
active compounds synthesized in the series of benzilic
acid derivatives

Compound Life span, min Aancttiir\])i@?;i) ¢
Control 12.0+0.1 -
KMS-10 11.6+£0.2* -3.70%*
KMS-19 13.2+1.2 11.42%
KMS-49 17.6+£0.9% 46.75%*
KMS-68 20.8+1.3* 73.68%*
KMS-69 20.3+1.2% 69.32%*
KMS-70 16.7+1.3% 38.77%*
KMS-71 20.4+1.6% 69.90%*
KMS-73 15.5+2.0% 28.96%*
KMS-228 16.3+1.3% 35.71%*
KMS-229 20.0+1.5*% 66.86%*
KMS-230 13.7+0.9% 14.37%*
KMS-258 18.7+1.4*% 55.78%*
KMS-282 15.4+1.4% 28.22%*
KMS-283 15.1+0.7*% 25.51%*
KMS-284 15.7+0.4* 31.01%*
KMS-303 11.0£1.6 -8.23%

tal animals there was decrease of the antihypoxic activity
by 3.70%, and introduction of the six-membered cycle
thienolactam (KMS-303), unlike seven-membered lac-
tams, led to 1 min reduction of the life span of labora-
tory mice.

The analysis of statistically processed data concerning

survival in ANHHH of laboratory animals showed that
the most effective substances were KMS-68, KMS-69,
KMS-71, KMS-229 and KMS-258.

Thus, according to the result of our studies the fol-
lowing regularities have been found: the cyclization pro-
ducts of benzilic acid amides significantly exceed the
antihypoxic activity of the parent compounds. This ten-
dency is observed in pairs: KMS-10 — KMS-19, KMS-228 —
KMS-229, KMS-230 — KMS-258, and indicates the pro-
spects of conducting the studies exactly among the pro-
ducts of heterocyclization of N-heterylamides of ben-
zilic acid. It should also be noted that modification of
the ester group in position 6 of 2-ox0-3,3-diphenyl-2,3-
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3 - KMS-19 8 - KMS-71 13 - KMS-258

4 - KMS-49 9 - KMS-73 14 - KMS-282

5 - KMS-68 10 - KMS-228 15 - KMS-283

Fig. 1. The life span of animals in the experiment
(* — p=0.05 for control animals).
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Fig. 2. The antihypoxic activity of the substances of benzilic acid
derivatives under study (* — p<0.05 for control animals).

dihydro-1H-thieno[3,4-b]pyrrole-6-carboxylic acid ap-
peared to be appropriate. Amides based on this com-
pound (KMS-68, KMS-69, KMS-71) during the expe-
riment showed the maximum life span of the animals un-
der research. A slightly inferior activity was observed for
seven-membered thienolactams — 5-0x0-6,6-diphenyl-
5,6-dihydro-4H-2-thia-4-asa-benzo[e]azulen-3-me-
thylcarboxylates. Introduction of the chlorine atom in
position 8 of the molecule resulted in an insignificant
loss of the activity of compound KMS-258 compared to
compound KMS-229.

CONCLUSIONS

1. On the model of acute normobaric hypoxic hy-
poxia with hypercapnia the antihypoxic activity of 16
new derivatives of benzilic acid have been studied.

2. The most active substance appeared to be KMS-68,
its introduction led to increase of the life span of animals
in the study group by 73.68% more than in the control

group.

REFERENCES

1. Anexcanoposa A.E. // Dxcnepumenm. u kaun. papmaron. — 2005. — T. 68, Ne5. — C. 72-78.
bazcaypi O.B., Peovkin PI., Xooakiscvokuii O.A. // Bicnuk ¢papmayii. — 2013. — Ne2. — C. 63-65.

3. Bexemos A.U., Canecun U /1., [lonesux U.B. Dxcnepumenmaivroe (OOKIUHUYECKOE) UsyueHue hapmakoniocu-
YeCcKUX cpedCms, BIUAIUUX Ha M032080€ Kposoobpausenue: Memood. pexomeno. — K.: Asuyenna, 2002. — 33 c.

4. bBypew A., Bypewosa O., Xorocmon J.I1. Memoouku u ocrosHble dKCnepumMenmsl no U3y4eHuro Mo3ed u no-
seoenus / Ilep. ¢ anen. E.H JKusonucyesotl. I100 peo. A.C.Bamyesa. — M.: Boicui. wik., 1991. — 399 c.



ISSN 2415-8844 (Online) NEWS OF PHARMACY 2(86)2016 ISSN 1562-7241 (Print)

53

5.

6.

OOCNIMKEHHA AHTUIMNMOKCUYHOI AKTUBHOCTI HOBUX MNOXIAHUX

BEH3MITI0OBOI KWCNOTU

I.B.Kipees, C.B.KonicHuk, H.M.Tpuwyk, K.M.Cum~Hik

Knroyosi croea: aHmuzinokcu4yHa akmugHicmb; noxiOHi 6eH3un0eoi kucriomu

Ha modeni 2ocmpoi Hopmobapuy4HOI 2iMOKCUYHOI 2iMOKCiT 3 2inepkariHieto docnioxeHa aHmueirnokKcuy-
Ha 0is Hogux noxiOHUx 6eH3unoeoi kucnomu, a came — N-eemepunamidie 6eH3uUI080iI KucIOMU ma
rpodyKmig ix 8HympiwHbLOMOMEKYapHOI yuknodeeidpamauii — mieHonakmamis 3 m’smu-, wecmu- ma
ceMuYnIeHHUMU yuknamu. Takox 6ynu OocridxeHi amidu Ha OCHO8I ’sMUYIeHHo20 flakmamy — ro-
XiOHi mieHo[3,4-b]nipon-6-kapboHosoi kucriomu. 3a pe3ynbmamamu 0ocnidxeHb 6yru ecmaHo8rneHi
HacmyrHi 3aKoOHOMIpHOCcMI: MPOAYKMuU UuKIisauii amidie 6eH3U10801 KUC/I0mMU 3Ha4YHO MepesuLyoms
3a aHMUR2IMOKCUYHOK aKkmueHICMI0 8UXIOHI CrIONyKU, WO 8Ka3ye Ha repCcrieKmueHicmb rnpo8edeHHs
docnidxeHb came ceped npodykmis eemepoyuknidauyii N-eemepunamidie 6eH3unosoi kucriomu. Criid
makox 3a3Haqumu, w0 O0UiNbHOK 8usigunack MoOuikauyiss eCmepHOI 2pyrnu 8 rofoXeHHi 6 2-0Kco-
3,3-0ucpeHin-2,3-0uzidpo-1H-mieHo[3,4-b]nipon-6-kapboHoesoi kucriomu. AMiOU Ha OCHO8I ujei criony-
Ku (KMS-68, KMS-69, KMS-71) e x00i ekcriepumeHmy MakcumMarsbHO Mpo/IoH208ys8asiu mpuearsnicmes
XXummsi niddociOHUX MeapuH.

UCCIIEQOBAHUE AHTUTMNOKCUYECKON AKTUBHOCTU HOBbIX MPOU3BOAHBLIX
BEH3UNOBOWU KUCIIOTbI

N.B.Kupeee, C.B.KonecHuk, H.M.Tpuwyk, K.M.CbimHuk

Knroueenie croea: aHmuaunokcu4yeckass akmugHoCMab; npou3eodHblie 6eH3u080l KUCTOMbI

Ha modenu ocmpol Hopmobapu4ecKoU aurnoKkcu4ecKol auroKcuu ¢ aurnepkarnHuel onpedeneHa aHmu-
2urnoKcuYyeckasi akmueHOCMb HOBbIX MPOU3800HbIX BEH3UM080U KUC/IOMbI, @ UMEHHO — N-2emepuri-
amudos 6eH3uI080U KUCIOMbI U MPOOYKIMO8 UX 8HYMPUMOEKYspHOU yuknodeaudpamayuu — mu-
eHoriakmamos ¢ rnsimu-, Wecmu U CeMuYieHHbIMU yuknamu. Takxe 6binu uccrnedosaHbl amudbl Ha
OCHO8€ MsIMuY/IeHHO20 flakmama — rpou38odHble mueHo[3,4-bjnuppos-6-kapboHo80U KUCI0Mal.
B pesynbmame uccnedogaHuli bbisiu ycmaHo8neHbl crnedyruue 3akoHoMepHocmu: npodyKmabl
yuknudayuu amudos 6eH3un080U KUCIOMbI 3Ha4UMEIbHO MPesocxo0sm Mo aHmMuaurnokcu4yeckol
aKmueHOCMU UCXOOHbIe COeOUHEHUS], Ymo yKa3blgaem Ha repcrekKmueHOCMb MposedeHus uccre-
dosaHuli uMeHHO cpedu npodykmos eemepoyuknusayuu N-eemepunamudos 6eH3uI080U KUCIOMbI.
Takxke cnedyem ommemumab, 4mo yMecmHoU oKa3asiacb MoOUGUKaUUsi 3¢hUpHOU 2pyrirbi 8 rosioxe-
Huu 6 2-okco-3,3-0ucbeHun-2,3-0ueudpo-1H-mueHo[3,4-bjnuppon-6-kapboHosol Kucriomsl. AMudbI
Ha ocHoge amozo coeduHeHusi (KMS-68, KMS-69, KMS-71) e xo0e akcrnepumeHma mMakcumarbHO
MPosIoH2Upo8asu nMPoOO/KUMENIbHOCMb XKU3HU M000MbIMHbLIX XUBOMHbIX.
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