ISSN 1562-725X (Print) KLINICNA FARMACIA. — 2018. — Vol. 22, No. 3 ISSN 2518-1572 (Online) 17

UDC 615.254.1:547.757 https://doi.org/10.24959/cphj.18.1469
A. Yu. Markina, O. Ya. Mishchenko

Institute of Pharmacy Professionals Qualification Improvement
at the National University of Pharmacy

THE STUDY OF THE PECULIARITIES OF THE DIURETIC ACTION
OF 2-OXOINDOLINE ACYLATED DERIVATIVE -
N-[(2-0XOINDOLINILIDEN-3)-2-0XYACETYL]-VALINE PROPYL
ESTER

An important issue of modern medicine is the pharmacological correction of regulatory mechanisms of the excretory
renal function aimed to normalize the changed water-electrolytic balance in a diseased body. In order to establish the
functional balance and correct renal disorders diuretics are used.

Aim. To study the effects of N-[(2-oxoindoliniliden-3)-2-oxyacetyl]-valine propyl ester (the conventional name is “In-
dolinoren”) on the excretory renal function when the repeated doses are administered in spontaneous diuresis and
water load, and to determine a possible mechanism of the diuretic action.

Materials and methods. The tests were conducted on white non-pedigree rats. The conditionally effective dose of in-
dolinoren (29.5 mg/kg) was intragastrically administered to rats with spontaneous diuresis and water load for 7 days.
The values of the excretory renal function were studied.

Results. Both under conditions of spontaneous diuresis and under conditions of water load the repeated administra-
tion of indolinoren promotes a significant increase of diuresis, which is associated with an increased excretory renal
function - natriuresis and, to a lesser extent, kaliuresis. A significant increase in uric acid excretion was observed (by
1.7 and 2 times on day 5 and 7, respectively). It may indicate the uricosuric effect of indolinoren.

Conclusions. It has been determined that the possible mechanism of the diuretic action of indolinoren is associated
with inhibition of tubular reabsorption, which is indirectly indicated by the increase of natriuresis and kaliuresis on
the background of the simultaneous urination increase. The uricosuric properties of indolinoren have been found, it is
indicated by an increase of uric acid excretion; these findings require further confirmation.

Key words: indolinoren; N-[(2-oxoindoliniliden-3)-2-oxyacetyl]-valine propyl ester; diuretic activity; excretory renal
function

A. 0. MapkiHa, 0. Al. MiwyjeHko

IHcmumym nidsuwjenus keasigikayii cneyianicmie gpapmayii HayionaabHozo papmayesmuyHozo
YHigepcumemy

BuBYeHHA 0COG/IMBOCTEN JiypeTH4YHOI Ail alU/IbOBAHOTO MOXiJHOTO 2-0KCOIH0/IiHY —
npomnisoBoro ecrepy N-[(2-okcoingoaininiaeH-3)-2-okcianeTua]-sanainy

Ba)xsiMBo10 Mpo6JIeMOI0 Cy4acHOI MeUIMHU € GpapMaKoJIoriyHa KOPeKIiisi pery/IsiTOPHUX MeXaHi3MiB BUALIbHOT GyHKIIT
HUPOK, CIPsIMOBAaHA Ha BUPIBHIOBAHHS 3MiH BOAHO-€JIEKTPOJIITHOTO 6alaHCy B opraHiaMi xBopoi JiroguHu. Jj1st Kopekiil
MOpYLIeHb AisIIbHOCTI HUPOK Ta 3 METOI BCTAHOBJIEHHS QyHKI[iOHA/JbHOI piBHOBAaru BUKOPUCTOBYOTLCS AiypeTUYHI
3aco6u.

MeTta gocaigKeHHs. BUB4eHHs 0cOG/IMBOCTEN BIUIUBY IporisioBoro ectepy N-[(2-okcoingonininifgen-3)-2-okcianeTua|-
Basliny (miZ yMOBHOI0 Ha3Bow «IH10IiHOpeH») Ha BUAIBHY QYHKIIiI0 HUPOK P 6araTopa3oBOMY yBe/leHHI 32 YMOB
CIIOHTAHHOIO Jiiype3y Ta BOJHOI'0O HABAHTAXKEHHS | BCTAHOBJIEHHA MOXJ/IMBOI'0 MeXaHi3My JliypeTHU4HOI Ail.

Marepiaau Ta MeToaM. Jlociiu npoBe/ieHi Ha 611MX HeJIiHIMHUX 1ypax. [HA0/iHOpeH YBOAU/IN B YMOBHO epeKTHUB-
Hilt 1031 29,5 MI'/Kr BHY TPIiIIHBOLITYHKOBO BIPOAOBXK 7 Ai6 32 YMOB CIIOHTAHHOTO Jilype3y Ta BOJHOTO HaBaHTaXKeH-
Hsl. BusHayasiv noka3sHUKY BUAI/IBbHOT QYHKIIT HUPOK.

Pe3ysbTaTH. [HA0/1iHOpeH npu 6araTopa3oBoMy yBeJleHHI SIK 32 YMOB CIIOHTAHHOTO /iiype3y, Tak i 3a yMOB BOZHO-
ro HaBaHTaXKeHHS CIPUSIE JOCTOBIpHOMY MiZIBUIIIEHHIO Jiiypesy, 110 MOB’s13aHO 3 MiAIBUILEHHSIM eKCKpeTOpHOi GyHKLil
HUPOK - HaTpilypesy i, B MeHLIi} Mipi, kanidype3y. BcTaHOB/IEHO CYyTTEBE MiZIBUILIEHHS eKCKpelii ce40BOi KUCJI0TU
(81,7 TaB 2 pa3u Ha 5 Ha 7 106y BiANOBI/{HO), 1110 MOXKe CBiAUUTH PO HASBHICTb YPUKO3YpPUYHOI Al y iHJ0TiHOpEHY.

BHCHOBKHU. BcTaHOBJIEHO, 1110 MOXJ/IMBUM MexaHi3M JiiypeTHuHo] Aii iHf0/iHOpeHy MOB’sI3aHUH 3 NPUTHIYeHHAM Ka-
HaJ/ibLeBoi peabcopbuii, Npo 10 onocepeKOBAaHO CBIYUTD MifABUILEHHS HATpilype3y Ta Kajidype3y Ha $oHi of-
HOYACHOTO IiIBUILleHHSA Ce40BU/iIeHH:A. BcTaHOBJIeHI ypUKO3ypUYHI BJIAaCTUBOCTI iHA,0/iIHOpPEHY, PO 110 CBIJYUTh
MiJIBUIILEHHS eKCKpel[il ce40BOI KUCJIOTH, 110 NOTPEOYE MOAANBIIOTO MiATBEPAKEHHS.

Katouosi cioea: inponinopen; nponisioBui ecrep N-[(2-okcoingoniHinifen-3)-2-okcianeTua|-BaniHy; AlypeTudHa
AKTHUBHICTb; BUJIIbHA QYHKIIisT HUPOK
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A. I0. MapkuHa, 0. AI. MuujeHKo

HHucmumym nosvlwenus keaaugukayuu cheyuaaucmos gapmayuu HayuornarbHozo gpapmayesmuyueckozo
yHusepcumema

HN3y4yeHHe 0COGEeHHOCTEN JUYyPETUYECKOTO0 el CTBHS alluJIMPOBAHHOTO NPOU3BOJAHOT0
2-0KCOUH/0/IMHA - NpOonu/IoBoro 3¢pupa N-[(2-0kcoOMHAOIMHNINAEH-3)-2-0KCHaLeTU/I]-BaJIuHa

BakHOH npo6/1eMoi COBpeMEeHHOM MeIULIMHBI ABJIsAeTCA GapMaKoIoruyeckasl KOppeKIUs pPeryasTOPHbIX MeXaHU3-
MOB BbI/IEJINTEbHON QYHKIIMH [I04€eK, KOTOpasi HallpaBJieHa Ha YCTaHOBJIEHHE PAaBHOBECHS H3MEeHEHH# BOJ[HO-3JIeK-
TPOJIUTHOI0 GasiaHca B OpraHu3Me G0JIbHOTO Yesi0BeKa. Jlyisi KOppeKL MY HapylleHUH J1esiTeIbHOCTH IT0YEK, a TAKKE C
11eJ1bI0 YCTAaHOBJIEHUS] GYHKLMOHAJIbHOI'O PABHOBECHUS HCIOJIb3YIOTCA JUypeTHYECKHE CPE/ICTBA.

Ilenb uccaemoBaHus. M3yyeHrne ocobeHHOCTeN BJIMAHUS NponuaoBoro adpupa N-[(2-0KCOMHAOJUHUIN/EH-3)-2-
OKCHaLeTUJI|-BaJIMHA (C YCIOBHBIM Ha3BaHHeM «MHJ0IMHOpeH») Ha BblAeIUTeNbHY0 QYHKILHIO T0YeK IPU MHOTO-
KpPaTHOM BBeJleHWH B YCJOBUAX CIIOHTAaHHOTO AWype3a U BOJAHOW Harpy3KH; onpe/ie/ieHne BO3MOXXHOTO MeXaHHU3Ma
JAUYpPEeTUYeCKOro JeHCTBHUS.

MaTepuasbl 4 MeToAbl. MccienoBaHus NpoOBe/ieHbl Ha GeJlbIX HeJIMHEWHbBIX KpbIcax. IH0IMHOpeH BBOAWJIN B yC-
JIOBHO 3¢ deKTHUBHOM J103e 29,5 MT'/KTI' BHYTPHIKEJIYIOYHO B Te4eHHe 7 HEH B YCJIOBUSX CIIOHTAHHOTO JIMype3a U BOAHOH
Harpysku. Onpeiesisiiiv OKa3aTeu BbIeJUTeNbHON PYHKLIUY OYEK.

Pe3sysbTaThl. UH0/IMHOPEH TP MHOIOKPATHOM BBE/IEHUH KaK B YC/I0BUAX CHOHTAHHOTO JUypPe3a, TaK U B YCJIOBHUAX
BO/IHOHM Harpy3KH CIOCOGCTBYeT JJOCTOBEPHOMY IOBBILIEHHIO JUYPE3a, UTO CBSI3aHO C MOBBILIEHUEM 3KCKPETOPHOU
GYHKIMM [TOYEK — HATPUIype3a U, B MeHbLIEeH CTeNneHH, KaJluiypesa. YCTaHOBJIEHO CYLeCTBEHHOE IIOBBILIEHHE IKC-
KpeLuy Mo4yeBOH KucaoTel (B 1,7 1 B 2 pa3a Ha 5 ¥ 7 JileHb COOTBETCTBEHHO), YTO MOXET CBU/IeTEIbCTBOBATD O Ha-
JINYUH YPUKO3YPUYECKOTO JIEHCTBUSI UH/0JUHOPEHA.

BBIBOABI. YCTAaHOBJIEHO, YTO BO3MOXHBIA MeXaHU3M IUyPETHYECKOTO JeCTBUSI NH/I0JIMHOPEeHA CBsI3aH C yTHETeHH-
€M KaHaJIbLleBOH peabcopOLMH, 0 UeM ONOCPE0BAaHHO CBHU/IETE/IbCTBYET MOBbIIIEHE HATPUHYpe3a U KaJuiypesa Ha
¢$boHe 0JHOBPEMEHHOTO MOBBILIEHHS] MOYEOT/e/IeHUs. YCTAaHOBJIEHbl YPUKO3ypUYECKHe CBOWCTBA UH/I0JIMHOPEHA, O YeM
CBU/IETEILCTBYET MOBbIIIEHHE 3KCKPEIUY MOYEBOH KHUCJIOTHI, UTO TPeGyeT JaJbHeHIIero NoTBEPK/eHUS.

Katuessle ci06a: uHA0MMHOPEH; NPONUI0BbIN 3¢up N-[(2-0KCOMHOMMHUIN/EH-3)-2-0KCUALeTUI |-BaJINHA; JUY-
peTHyecKast akTUBHOCTb; Bbl/leJINTe/NbHAsA QYHKIUSA TOYEK
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n important issue of modern medicine is

the pharmacological correction of regula-
tory mechanisms of the excretory renal function
aimed to normalize the changed water-electrolytic
balance in a diseased body [1-4]. In order to estab-
lish the functional balance and correct renal disor-
ders diuretics are used [5].

In recent years, the range of diuretics has not
changed. To date, 71 trade names of diuretics based
on only 10 active substances have been registered
at the domestic pharmaceutical market. Among them
62 % are diuretics of foreign manufacture, and only
38 % of them are of domestic manufacture (in par-
ticular, due to diuretics of the plant origin) [6, 7].
The data analysis indicates the shortage of diuret-
ics of domestic production. Taking into account all
the foregoing and the data on side effects of diuretics
the search for new effective and safe diuretics is re-
levant. The new compound - propyl ester of N-[(2-
oxoindoliniliden-3)-2-oxyacetyl]-valine (which con-
ventional name is “Indolinoren”) is a high-poten-
tial diuretic with the already determined significant
activity observed in the conditionally effective dose
in spontaneous diuresis and water load within 24 hours
and the related pharmacological activities, such as
antioxidant and antihypoxic ones [8, 9].

The aim of the work was to study the effects of
Indolinoren on the excretory renal function when
the repeated doses are administered in spontane-
ous diuresis and water load, and to determine a
possible mechanism of the diuretic action.

Materials and methods

The tests were conducted on white non-pedigree
rats weighing 200+20 g. Manipulations with ani-
mals (including euthanasia) was carried out in ac-
cordance with the Law of Ukraine No. 3447-1V “On
protection from cruelty to animals” [10] and the
EU Directive 2010/10/63 for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes [11]. The animals were kept with
a routine balanced diet with a free access to wa-
ter in the vivarium of the National University of
Pharmacy.

Indolinoren was injected intragastrically in the
dose of 29.5 mg/kg in the form of a fine water sus-
pension stabilized with Tween-80.

When studying the effects of repeated adminis-
tration (within 7 days) of indolinoren on the renal
function in conditions of free access to water and
spontaneous diuresis the animals were placed to
metabolic cages adjusted to record the amount of
the drunk water and extracted urine. On day 5 and
7 of the experiment the indicators of the drinking
irritability and excreted urine, the blood creatinine
content, and indicators of excretion of uric acid, pro-
tein, sodium, and potassium were recorded. In con-
ditions of water load (5 ml per 100 g of the animal
body weight) indolinoren was administered daily
for 7 days. The indicators of diuresis and drink-
ing activity, glomerular filtration rate (GFR), water
reabsorption, sodium and potassium electrolytes
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Table 1

The results of the effect of the repeated indolinoren administration on the renal
excretory function in rats under conditions of spontaneous diuresis, (X + S;, n = 10)

=
o Excretion for 2h
Conditions | £ o | Diuresis, Drinki Blood Xeret :
S rinking L Urinary
of the 2 E ml/100gfor| . . | creatinine, Na*/K- rati
experiment | 3 © 2h  [ACvitmil oL uricacid, | protein, | sodium, potassium, | Na*/K"ratio
o pmol/100 g | mg/100g | umol/100g | pmol/100 g
Intact Day 5| 1.26+£0.24 | 3.35+0.22 | 55.33+2.70 | 2.41+0.23 | 0.12+0.02 | 41.84+5.13 75.10+£6.6 0.57+0.03
control Day 7| 2.07£0.32 | 3.10+£0.30 | 56.30+£3.20 | 2.00+0.36 | 0.13%£0.02 | 38.40+4.03 78.57+9.06 0.51+0.04
Indolinoren Day 5| 5.10+£0.54* | 3.00+£0.33 | 40.25£2.90* | 4.17+£0.14* | 0.10+0.03 | 104.60+5.6* | 157.71£12.7* | 0.71£0.05*
Day 7 | 5.47+0.67* | 3.38+0.40 | 33.54+2.10* | 4.22+0.22* | 0.09+0.03 | 88.32+4.9* | 146.43+10.83* | 0.64+0.04*
Notes:
1) * - reliable deviations in relation to the intact control values on the corresponding day of the experiment, p<0.05;
2) n — the number of animals in the group.
excretion for 2 hours were determined. The creati- Table 2

nine concentration in the blood plasma and urea
was determined using the “Felicit-diagnostics” la-
boratory Kkits [12]. The content of urea was deter-
mined by the unified diacetylmonoxime method using
the “Felicit. Urea-D” laboratory kit [12]. The urinary
protein was determined by the reaction with sul-
phosalicylic acid [12]. The content of uric acid in
urea was determined by the reaction with the phos-
photungstic reagent [12]. The sodium and potas-
sium concentration in the urea and blood plasma
was determined by flame photometry [13]. GFR,
electrolytes excretion and water reabsorption were
calculated using generally accepted formulas [14].
All digital material obtained was statistically pro-
cessed using parametric statistical methods [15].

Results and discussion

When introducing indolinoren in the dose of
29.5 mg/kg in spontaneous diuresis and free access
to water for 7 days a significant increase (p<0.05)
of diuresis by 4 times on day 5 and by 2.6 times on
day 7 was observed (Tab. 1).

The analysis of dynamics of indicators of drink-
ing activity of animals did not show any reliable
changes due to the effect of indolinoren (Tab. 1).

Indolinoren showed a significant hypoazote-
mic effect - it significantly reduced the creatinine
content in the blood plasma of rats by 1.4 times
and 1.7 times on day 5 and 7 of the experiment,
respectively (Tab. 1).

A significant increase in uric acid excretion
(by 1.7 and 2 times on day 5 and 7, respectively)
was observed. It may indicate the uricosuric action
of indolinoren (Tab. 1). On the background of in-
dolinoren administration there were no significant
changes in protein excretion.

The marked saluretic action of indolinoren was
found. The maximum kaliuresis was noted on day
5 of the experiment (excretion of potassium ions
increased by 2.1 times). Natriuresis also tended to

The indicators of the renal excretory function
under the effect of indolinoren administration
in conditions of water load within 7 days,
(X + S}, n=10)

Conditions of the experiment
The indicators studied Intact Indolinoren,
control 29.5 mg/kg
Diuresis, ml /100 gin 2H | 1.90+0.41 2.85+0.45*
Drinking activity, ml 3.15+0.20 3.05+0.28
GFR, ml/min per 100 g 0.11+0.04 0.25+0.05
Urine urea, mmol/L 26.8+2.53 37.20+£1.51*
Water reabsorption, % 92.70+8.50 98.15+8.30
i‘r’fc')f/rrogxgriit'zog' 46.56+5.24 | 139.68+14.92*
ﬁ‘r’:f)ff;‘arggefgrzeﬂo”' 80.20+7.12 | 192.48+6.5*
Urinary Na*/K* ratio 0.63+0.03 0.74+0.03*

Notes:
1) * - reliable deviations in relation to the intact control, p<0.05;
2) n — the number of animals in the group.

increase with a maximum value on day 5 (excre-
tion of sodium ions increased by 2.5 times).

Under the effect of indolinoren a significant in-
crease in the sodium-potassium urine coefficient
approaching 1 was observed. This fact indicates the
more pronounced natriuresis than kaliuresis [16].

In repeated administration of indolinoren under
conditions of water load the significant increase in
diuresis by 1.5 times in the unchanged drinking ac-
tivity of animals was observed (Tab. 2).

An unreliable increase of GFR and water reab-
sorption was observed. It indicates the absence of
the effect of indolinoren on the glomerular filtra-
tion process.

On the background of the indolinoren effect nat-
riuresis significantly increased by 3 times, while
kaliuresis increased only by 2.4 times.
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The increase of the urine urea concentration by
1.4 times under the effect of indolinoren indicates
improvement in the renal excretion of nitrogen-
containing substances.

Therefore, in repeated administration of indo-
linoren both under conditions of spontaneous diu-
resis and under conditions of water load it contri-
butes to a significant diuresis increase associated
with an increase of the excretory renal function, i.e.
natriuresis and, to a lesser extent, kaliuresis.

The data obtained suggest that the mechanism
of the diuretic action of indolinoren is associated
with inhibition of tubular reabsorption, indirectly
indicating the increase in natriuresis and kaliure-
sis on the background of simultaneous increase of

CONCLUSIONS

1. A marked diuretic activity of 2-oxoindoline
acylated derivative - N-[(2-oxoindoliniliden-3)-2-
oxyacetyl]-valine propyl ester (which conventional
name is “Indolinoren”) under conditions of spon-
taneous diuresis and water load has been found.

2. It has been determined that the mechanism of
the diuretic action of indolinoren is associated with in-
hibition of tubular reabsorption, which is indirectly in-
dicated by the increase of natriuresis and kaliuresis on
the background of the simultaneous urination increase.

3. The uricosuric properties of indolinoren have
been found, it is indicated by an increase of uric acid
excretion; these findings require further confirmation.

Conlflict of interests: authors have no conflict

the urinary excretion [17].
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