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The results of the investigation of the hypoglycemic action mechanism of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide) are presented. The substance was administered intragastrically in the
dose of 11.64 mg/kg on the model of alloxan-induced diabetes mellitus in rats. It should be noted
that the test compound in terms of the theory of pharmacophore can be considered as a dimer
BU 224, but it is not its dimer in terms of organic chemistry. The information about the influence of
the test compound on carbohydrate metabolism is limited. There are data that this compound has
antitumor properties in vitro due to enhanced apoptosis and activation of caspase-3. Proceeding from
the chemical structure, the 2-substituted quinoline fragment is present in the structure of the known
antagonist of imidazoline receptors 1, such as 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride, so
it can be assumed that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) has the ability to interfere
with the mechanisms of the carbohydrate metabolism regulation. These results indicate that N,N’-(etha-
ne-1,2-dyyil)bis(quinolin-2-carboxamide) has an expressed hypoglycemic effect in alloxan-induced
diabetes mellitus reducing the blood glucose level by 71.50%. It is an agonist of imidazoline receptors
of both types, and it has been proven by blockade with selective antagonists such as efaroxan and
2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride. On the background of |,-imidazoline receptors
blocker efaroxan the glycemia decrease was 45.66% (p<0.05), and on the background of I12-imidazoline

receptors blocker 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride it was 54.01% (p<0.05).

Diabetes mellitus (DM) type 2 is a chronic disease
caused by decrease in sensitivity of the human tissues
to insulin [1, 14]. The frequency of diabetes on average
ranges from 1.5% to 3%; it is constantly increasing in
the developed countries up to 5-7%, in Ukraine the value
is twice lower — about 2.9%. There are about 200 mil-
lion of diabetics in the world; almost 90% of them suf-
fer from type 2 diabetes [5, 15].

The urgency of DM problem is caused by a signifi-
cant prevalence of the disease, severity of complications,
disability and early mortality. Microangiopathies and
neuropathies are the basis of diabetic complications. The
patients with diabetes have a significant risk of athero-
sclerosis and coronary heart disease. More than 40% of
amputations of lower limbs are a consequence of the
diabetic foot syndrome. Diabetes is also the most com-
mon cause of blindness in humans [12, 17]. All men-
tioned above stipulates the necessity of development
and research of new effective drugs with the hypogly-
cemic effect allowing to prevent development of the
severe course of DM.

The mechanism of action of different antidiabetic
drugs consists of a several links. There are data on the
role of imidazoline receptors in implementation of the

hypoglycemic effect, in particular for biguanides de-
rivatives such as metformin [7].

Imidazoline receptors are the independent type of
receptors represented by two subtypes: 1, and 1,. Sub-
types are distinguished according to the specific ligands
that bind with them. Imidazoline receptors mediate the
following effects: increase of glucose-dependent insulin
release and transport of glucose into the cells and, as a
result, decrease of hyperglycemia, improvement of the
energy supply of tissues by increasing aerobic oxida-
tion of glucose and increase of glycogen synthesis, re-
duction of lactate production, increase of sensitivity of
brain tissues to glucose, intensification of lipolysis, in-
crease of sensitivity to blood pressure decreasing, as well
as to hypoxia/hypercapnia of carotic glomeruli [10, 11].

Our attention has been attracted by a new compound
that has a hypoglycemic effect on the model of alloxan
diabetes in different routes of administration [13]. The
research of the possible role of I;- and I,-imidazoline re-
ceptors in the mechanism of the action of N,N’-(etha-
ne-1,2-dyyil)bis(quinoline-2-carboxamide), which can act
as a ligand to I,-imidazoline receptors and contains two
relevant pharmacophore fragments (Fig. 1), is of spe-
cial interest.
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Fig. 1. N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) with the pharmacophore

Fig. 2. 2-(4,5-dihydroimidazol-2-yl)quinoline hydrochloride
(BU 224) with the pharmacophore fragments
selected — ligands of |,-imidazoline receptors.

But the 2-substituted quinoline fragment is present
in the structure of the known antagonist of I,-imidazo-
line receptors such as 2-(4,5-dihydroimidazol-2-yl)qui-
noline hydrochloride (BU 224) [16]. It should be noted
that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-
de) in terms of the theory of pharmacophore can be
considered as a dimer BU 224, but it is not its dimer in
terms of organic chemistry (Fig. 2).

According to the chemical structure, it can be as-
sumed that N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carb-
oxamide) has the ability to interfere with the mecha-
nisms of the carbohydrate metabolism regulation. There
are data that this compound has antitumor properties in
vitro due to enhanced apoptosis and activation of cas-
pase-3 [9].

The aim of this work is to study the possible role of
imidazoline receptors in the mechanism of the hypogly-

fragments selected — ligands of |,-imidazoline receptors.

cemic action of N,N’-(ethane-1,2-dyyil)bis(quinoline-
2-carboxamide).

Materials and Methods

The study was conducted in white outbread mature
male rats with the body mass of 0.20+0.02 kg. DM was
modeled by subcutaneous injection of alloxan monohy-
drate solution (Sigma, USA) in a single dose of 150 mg/
kg as 5% solution in acetate buffer, pH 4.5 [8]. Just this
model is recommended as a basic one in pre-clinical
studies of potential antidiabetic drugs [3]. The animals
previously were fasted for 24 h, but had free access to
water. In 10 days the rats with the basal glucose level
higher than 11 mmol/l were selected [3, 4]. Glucose
was determined in the blood samples taken from the
vessels of tip of the tail by the glucose oxidase method
using diagnostic kits (“Filicit”, Ukraine).

The receptor mechanism of the hypoglycemic ac-
tion was determined using efaroxan (Sigma, USA) as a
blocker of I,-imidazoline receptors in the dose of 5 mg/kg
intraperitoneally [2], as well as 2-(4,5-dihydroimidazol-
2-yl)quinoline hydrochloride in the dose of 1.5 mg/kg
intraperitoneally. The latter is known as Bu 224, which
is I,-imidazoline receptors selective blocker synthesized
at the department of Organic Chemistry of the Kharkiv
National University named after V.N. Karazin [6].

N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-

Table
The role of I;- and I,-imidazoline receptors in the mechanism of the hypoglycemic action
of N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide) administered intragastrically
Groun of animals " Blood glucose, mmol/I Decrease in the glucose level
P basal level in 90 min absolute value %

Intact control 12 3.50+0.21 3.37%0.26 0.13+0.37 +1.04+10.54
Diabetes (untreated) 6 20.32+1.92 21.47+2.22 1.15+0.79 +5.35+4.82
Diabetes + N,N'-(ethane- -71.50%%/***
1,2-dyyil)bis(quinoline-2- 9 25.41+2.53 7.39%£1.60 -18.03+£1.98 :'_4 82
carboxamide), 11.64 mg/kg -
Diabetes + (2-(4,5-dihydro-
imidazol-2-yl)quinoline hydro 54,0 %%k
chloride), 1.5 mg/kg + N,N'- 10 26.25+2.28 12.02*+1.67 -14.23+£1.97 ’ +

N T +5.62
(ethane-1,2-dyyil)bis(quinoline-
2-carboxamide), 11.64 mg/kg
Diabetes + efaroxan 5 mg/kg +
N,N’-(ethane-1,2-dyyil) M i -45.66% ¥ [¥r* [HxRR
bis(quinoline-2-carboxamide), 9 27.30+£3.23 14.18*£1.76 13.12+2.88 +8.15
11.64 mg/kg

Note: n —is the number of animals in the group; a statistically significant difference: * — with the basal value in the same group, p<0.01;
** — with the value of the intact control group, p<0.01; *** — with the untreated group value, p<0.01; **** — with the value of the group
“diabetes + N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxamide), 11.64 mg/kg’, p<0.05.
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de) was administered as an aqueous suspension stabi-
lized by polysorbate-80 in the dose of 11.64 mg/kg in-
tragastrically being equal to ED,, calculated in the pre-
vious experiment [13], per se, or in 20 minutes after ad-
ministration of imidazolin receptor blockers. The ani-
mals of the intact control group and the untreated dia-
betic group received an equivalent amount of the sol-
vent (water for injections). The blood glucose level was
determined before drug administration and in 90 min
after that [3].

Statistical differences were analysed using Wilcoxon
criterion T and Student t test [3].

Results and Discussion

N,N’-(ethane-1,2-dyyil)bis(quinoline-2-carboxami-
de) in the dose of 11.64 mg/kg intragastrically has an
expressed hypoglycemic effect, significantly (p<0.01)
reducing the level of blood glucose by 71.50% compared
with the intact control group and the untreated group. On
the background of (2-(4,5-dihydroimidazol-2-yl)quino-
line hydrochloride — blocker of I,-imidazoline receptors —
the compound investigated decreases blood glucose levels
by 54.01%, and it is significantly (p<0.05) less than the
effect of the compound administered per se. Efaroxan
that is I,-imidazoline receptors blocker also prevented
the hypoglycemic effect of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide), glycemia decrease was 45.66%,
p<0.05 (Table).

The data obtained show the absence of significant
differences between the degree of reduction in blood
glucose on the background of both imidazoline receptors
antagonists, indicating approximately equal participa-
tion of [,- and I,-imidazoline receptors in implemen-
tation of the hypoglycemic effect of N,N’-(ethane-1,2-
dyyil)bis(quinoline-2-carboxamide).

Thus, on the basis of pharmacological analysis it can
be considered that the stimulation of both types of imidazo-
line receptors I, and I, is involved in the mechanism of
the hypoglycemic action of N,N’-(ethane-1,2-dyyil)bis
(quinoline-2-carboxamide) since specific blockers sta-
tistically significantly decrease its hypoglycemic effect.

CONCLUSIONS

1. It has been proven that N,N’-(ethane-1,2-dyyil)
bis(quinoline-2-carboxamide) in the dose of 11.64 mg/kg
has a significant hypoglycemic effect in alloxan-induced
diabetic rats.

2. The hypoglycemic effect of N,N’-(ethane-1,2-dyyil)
bis(quinoline-2-carboxamide) significantly decreases on
the background of the specific antagonist of I,-imidazo-
line receptors Bu 224 — 2-(4,5-dihydroimidazol-2-yl)
quinoline hydrochloride — and on the background of I,
receptor antagonist efaroxan. These data have proven
the role of I,- and I,-imidazoline receptors stimulation
in the mechanism of the hypoglycemic action of the
compound investigated.

REFERENCES

1. Banabonkun M.U. Juabemonozus. — M.: Meduyuna, 2000. — 471 c.
Kozaesa JI.1I., Kopobos H.B., Meoseoes O.C. // Dxcnepumenm. u kaun. papmarxon. — 2003. — T. 66, Ne5. —

C. 69-73.

3. Muponos A.H. Pyko8oocmeo no npogedenuto 0OKIUHUYECKUX UCCAe008AHUL 1eKapPCMBEHHbIX cpedcms. — M. :

Ipup u K, 2012. — 4. I. — 944 c.

4. Cmeghanosa O.B. Jloxniniuni 00cniodxncents aikapcokux 3aco0is: Memoo. pexomeno. — K.: Asiyenna, 2001. —

400 c.

American Diabetes Association // Diabetes Care. — 2006. — Vol. 29. — P. 1-42.
Cheng C.H., Tsao C.W., Huang S.Y. et al. // Neorosci. Lett. — 2009. — Vol. 467. — P. 147-149.

Dave K.R., Katyare S.S. // J. of Endocrinol. — 2002. — Vol. 175, Nel. — P. 241-250.

5
6.
7. Cheng J.T, Huang C.C., Liu .M. et al. // Diabetes. — 2006. — Vol. 55. — P. 819-825.
8
9

. Echeverria M., Mendivil B., Cordeuetal L. // Arch. Pharm. Chem. Life Sci. — 2006. — Vol. 339. — P. 182-192.
10. Ernsberger P. // Ann. NY Acad. Sci. — 1999. — Vol. 881. — P. 35-53.
11. Harron D. // N. Fundam. Clin. Pharmacol. — 1992. — Vol. 6. — P. 41-44.
12. Huang S., Zhong R., Liang M. // China J. Mod. Med. — 2004. — Vol. 14, Nel7. — P. 34-36.

13. Kalapko O.N., Shtrygol’S.Yu. // The XXI Intern. Sci. and Pract. Conf. of young Scientists and students “Actual
questions of development of new drugs” April 22, 2014, Kharkiv.

14. Kekalainen P, Sarlund H., Pyorala K. // Diabetes Care. — 1999. — Vol. 22, Nel. — P. 86-92.

15. Lebovitz HE., Austin M.M., Blonde L. et al. // Endocrin. Pract. — 2006. — Vol. 12 (Suppl. 1). — P. 6-12.
16. Lee J.P, Chen W., Wu H.T. et al. // Horm. Metab. Res. — 2011. — Vol. 43, Nel. — P. 26-30).

17. Ong K.L., Cheung B.M., Wong L.Y. et al. // Ann. Epidemiol. — 2009. — Vol. 18. — P. 222-229.



ISSN 1562-7241 NEWS OF PHARMACY 3(79)2014

77

OOCNIOXEHHA PO IMIOA30NIHOBUX PELIENTOPIB I, TA I, TUMIB Y MEXAHI3MI
MMNOrMIKEMIYHOI Aii N,N’-(ETAH-1,2-AliM)BIC(XIHOMIH-2-KAPEOKCAMIZLY)

O.M.Kananko, C.FO.llImpuzonsb, b.B.lManoHoe, C.B.JIbeoe

Knrouosi cnoea: N,N’-(emaH-1,2-0iin)bic(xiHoniH-2-kapbokcamid); sinoanikemiyHa Oisi;

imidasoniHoei peuenmopu; yykposul Oiabem; echapokcaH; 2-(4,5-0uzidpoimidasorn-2-in)xiHormniH
2idpoxmopud (BU 224); anokcaH

HaesedeHi pe3ynbsmamu docridxeHHsI MexaHi3amy UyKkpo3HuxysanbHoi 0ii N,N’-(emaH-1,2-0iin)bic
(XiHoriH-2-Kkapbokcamidy) rpu 8HympiLHBOWITyHKO8OMY 88e0eHHi y 003i 11,64 me/ke Ha Modeni arokca-
HOB020 UyKpoeozo Oiabemy y wypie. [ocnidxyeaHa criofyka 3 moyku 30py meopii ghapmakoghopis
Moxe po3sensidamucs sk oumep 2-(4,5-0ueiopoimiOason-2-in)xiHoniHy 2idpoxnopudy, 6riokamopa imi-
dasoniHosux peuenmopie mury I, 8idomoeo nid wugppom BU 224, ane He € (1020 OuMepOM 3 MOYKU
30py opeaHIiYHOI Ximil. € OaHi, W0 ys crioniyka mMae npomuryxuHHi eracmugocmi in vitro 3a paxyHOK
rocuneHo2o anonmosy ma akmueauii kacrnasu-3. Bidomocmi wjo0o ernnusy 0ocrnioxyseaHoi cronyku
Ha 8yanesodHuUl obMiH obmexeHi. Buxods4u 3 xiMiyHoi bydosu, a came HasieHOCcmi 2-3aMiljeHo20
XIHOMIHOB020 chpazmeHmy, xapakmepHoeao 0ns 2-(4,5-0uzidpoimidasorn-2-ir)XiHomiH 2i0pox1opudy,
gucyHymo npurnyuweHHs, wo N,N’-(emaH-1,2-0iin)6ic(xiHoniH-2-kapbokcamid) mae 30amHicmb 8mpy-
yamucs 8 MexaHi3mu peaynsauii eyarneeodHo20 0bmiHy. OmpumaHi pesyrnbmamu ceid4yamab,Wo rnpu
anokcaHosomy Giabemi N,N’-(eman-1,2-0iin)bic(xiHoniH-2-kapbokcamid) YUHUMb 8UpPa3Hy UyKPO3HU-
XKy8saribHy 0ito, 3HUXYIOYU pigeHb arikemii Ha 71,50%, ma € azoHicmom imida3oniHogux peuenmopie
0box munig, wo 6y1o doeedeHo winsixom ix briokadu cenekmueHUMU aHmazoHicmamu — eghapokca-
HOM ma 2-(4,5-0ueidpoimidasorn-2-in)xiHoniHy 2idpoxnopudom. Ha ¢oHi briokamopa imida3oniHogux
peuenmopie muny |, ecpbapokcaHy 3HUXeHHS enikemii cmaHosurso 45,66% (p<0,05), a Ha mni 6i10-
Kamopa imida3soniHogux peuyenmopie muny |, 2-(4,5-0uzidpoimida3on-2-in)xiHomiH 2idpoxaopudy —
54,01% (p<0,05).

MCCNEOOBAHUE PO UMUOA3O0JIMHOBbLIX PELLENTOPOB I, U |, TUMOB B MEXAHU3ME
MMMNOrMMUKEMUYECKOIO OEUCTBUSA N,N’-(3TAH-1,2-AUNIT)BUC(XUHOJTUH-2-
KAPBOKCAMUIOA)

E.H.Kananko, C.FO.lUImpsizonb, 6.B.ManoHoe, C.B.JIbeoe

Knroveenie crnoea: N,N’-(amaHr-1,2-0uun)buc(xuHonuH-2-kapbokcamud),; aunoznukemMu4eckoe
Oelicmeue; uMUOGa30/1UHOBbLIE PEUENMOpPbI; caxapHbilti duabem, aghapoKcaH;
2-(4,5-0ueudpoumuda3son-2-un)xuHonuH audpoxmaopud (BU 224); annokcaH

lNpusedeHbl pe3ynbmamsl uccriedogaHusi MexaHu3Ma caxapocHuxaroweao detcmeusi N,N’-(amaH-
1,2-0uun)buc(xuHonuH-2-kapbokcamuda) npu eHympuxxesrnydodyHom eeedeHuu 8 dose 11,64 me/ke Ha
Modernu asnsoKkcaHo8o2o caxapHoeo duabema y Kpbic. Miccriedyemoe coeduHeHUe ¢ MOYKU 3peHUs
meopuu chapmakoghopos Moxem paccMmampusamscsi Kak dumep 2-(4,5-0ueudpoumuda3son-2-us)xu-
HonuH eudpoxrnopuda, 6riokamopa umudasonnuHo8bIX peuenmopos muna I, uzeecmHo2o nod wug-
pom BU 224, Ho He senisiemcsi e20 OUMEPOM C MOYKU 3PEHUST Op2aHU4ecKol xumuu. Ecmb OaHHble,
4Ymo 3mo coeOUHEeHUe umMeem MPoMmMuUBoOoyxoseabie ceolicmaa in Vvitro 3a c4yem ycuseHHo20 aror-
mo3a u akmusayuu Kacnasbl-3. CeedeHus 0 enussHUU uccredyemMoz20 CoeOUHeHUs1 Ha yare800HbIl
0bmeH oepaHuYeHbl. VIcxo0s1 U3 XUMU4YeCcKOo20 CmMpPOeHUs, a UMEHHO Hanu4us 2-3aMeweHHo20 Xu-
HOJTUHOB020 ¢hpasmeHma, xapakmepHoao 055 2-(4,5-0uaudpoumuda3sos-2-us)XuHonuH audpoxsio-
puda, ebid8uHymo npeodmnonoxeHue, Ymo N,N’-(amaH-1,2-0uun)buc(xuHonuH-2-kapbokcamud) obna-
daem crocobHOCMbIO 8MeWU8amMbCSI 8 MEXaHU3MbI peaynsiyuu y2rneeodHo20 obmeHa. [onyvyeHHble
pes3ynbmamel caudemeribcmeayom, 4Ymo rpu annokcaHogom Auabeme N,N’-(amaH-1,2-0uun)buc(xu-
HOMuH-2-kapbokcamud) okasbieaem 8bipaxkeHHOEe caxapoCHUXarouwee oelicmaue, CHUXasl ypO8eHb
enukemuu Ha 71,50%, u sienssemcs a2oHUCMOM UMUOa30/IUHO8bIX peyenmopos 0boux muros, 4mo
66110 OokasaHo rymem ux 6r1okadbl celeKmMuU8HbIMU aHmazoHUCmamu — aghapokcaHom u 2-(4,5-0u-
a2udpoumudasorn-2-usn)XuHonuH audpoxiopudom. Ha ¢poHe briokamopa umMudasonuHOBbIX Peyernnmo-
pos muna |, aghapokcaHa CHUXeHue ariukeMuu cocmaesurio 45,66% (p<0,05), a Ha choHe briokamopa
umudasonuHosbIx peuyernmopos muna |, 2-(4,5-0ueudpoumudasorn-2-un)xuHonuH audpoxmiopuda —
54,01% (p<0,05).



