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THE INFLUENCE OF INDOLINOREN ON KIDNEY FUNCTION
WATER AND SALT LOAD

IN CONDITIONS OF
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Jliypemuku wupoxo 3acmocogyroms 015 KOpeKyii nopyuienv OisnbHOCMI HUPOK. B ceow uepey, ionnuti ckiad
NPOOYKMI8 XapuyeaHHs, OLIbUWOW MIpOI [OHU HaAmpilo, AKI 0e3nocepeOHbo GNIUBAIOMb HA BUOLTbHY (QYHKYIIO
HUPOK, MOJICYMb SUCIYRAMU SIK MOOYASAMOPU Ofi Ce402iHHUX 3ac00i8.

Memoro OocniddxcenHs 0yI0 8UBYEHHA 0COOAUBOCMEU BNIUBY HOB020 NOXIOHO20 2-OKCOIHOONIHY Ni0 YMOBHOH
Hazeor “Inooninopen” na cman udiNbHOL PYHKYIT HUPOK 3a YMO8 BOOH020 MA CONLOBO2O HABAHMAICEHHSL.
Mamepianu ma memoou. Jjocriou npogederi Ha OLIUX HENIHIUHUX wypax. Boone nasanmasicenns mooentosanu
66e0eHHSM OUCMUNLO8aHOL 600U (5 ma na 100 e macu mina meapunu); Colbo8e HABAHMANCEHHS — GHYMPIUHbLOU-
JayHKosum yeedennsm meapurnam 0,45 % posuuny nampiio xaopudy 6 xintekocmi 3 % 6i0 macu mina. Inooninopen
ma npenapam NOpisHAHHSL PYyPOCcemio YE0OUIU BHYMPIUHbOULTYHKO80 6 0031 29,5 me/ke ma 5 me/ke 8i0nosioHo.
Pesynomamu ma 062080penns. Bcmanosieno, o 3a yMo8 600H020 HABAHMAICEHHS THOONTHOPEH BUABTAE Ca-
Jlypemudnull epexm, aKull Cynpo8ooAICyeEmMbCsi 30ibeHHAM exckpeyii nampiro na 132 % i kaniro na 2,4 %. Ha
mii ygeOeHHs iHOOIHOPeH) 6CMAHOBNIEHO OOCMOBIPHe 3POCMARHS HAMpIli-Kaniesoeo Koeghiyienma ceui 6 2,3 pa-
3u (p<0,05), wo ceiouums npo Ginbuw eupazHull Hampilypes, Hidc Kaaiuypes. 3a yMo8 CONb08020 HABAHMANICEH-
Hs [HOONIHOpEH Chpuse 00CmogipHomy niosuwjennio eudinenns ceui na 381 % (p<0,05), nocumoe exckpeyirno
nampiio — na 127 % (p<0,05), kanito — na 7 %. He usaeneno 0ocmosiprux 3min ekckpeyii kpeamuHiny. 3a eupa-
3HICMIO OIypemuyHOi aKMUBHOCMI 3a YMO8 CONbOBO20 HABAHMANCEHHS THOONIHOPEH nepesasxcae hypocemio i He
Mae 00CcmogipHOI pi3HUYi 3a YMO8 800HO20 HABAHMAI}CEHHS.

Bucnosku:. 36invuenns nampiiypesy i MeHuwo0 Mipoio Kauniiype3y i 8i0CYMHICMb GiPOSIOHUX 3MIH eKCKpeyil
KpeamuHiny (Mapkepa Kiyboukoeoi (inempayii) Ha mii 66e0enHst IHOONIHOPEHY C8LOUUMb, WO 1020 Olypemut-
HUll eghekm peanizyemovcsi 3a PAXYHOK NPUSHIYEHHS KAHALbYesoi peabcopbyii. ¥ mexanizmi Oii inOoniHopeHy be-
pe yyacmov npueSHiyeHHs MiHepaioKOpMuUKOiOH020 KOHMPOMO 6UOLTbHOI (YHKYIT HUPOK, HA WO BKA3YE 3POCMAH-
Hs Hampii-Kaniegozo koeiyicuma ceui. Ompumani 0ani 00TPYHMOGYIOMb HeOOXIOHICMb NOOAILULO2O NO2TUD-
JIeH020 BUBYEHHS THOONIHOPEHY K NePCHEKMUBHO20 OIyPemutHo20 3aco0y

Knrouosi cnosa: diypemuyna akmuericmos, 600He HABAHMANCEHHS, CONbOBE HABAHMANCEHHS, IHOONIHOPEH, NOXi-

OHI 2-0KCOIHOOMIHY, (hypocemio

1. Introduction

The close relationship between water-salt metabo-
lism and homeostasis is determined by the evolution of
living organisms [1]. With the development of civilization,
a large number of people got free access to fine salt. It is
this that brought the human body to new, unusual condi-
tions of sodium overload. The high proportion of canned
products in the structure of modern nutrition, stable behav-
ioural reactions and socio-cultural traditions, the complexi-
ty of quantitative control of sodium in the daily diet, com-
plicate its limitations in physiologically acceptable con-
sumption standards [2]. Today, there is no doubt that in-
creased consumption of cooked salt is one of the causes of
the spread of arterial hypertension and disruption of the
normal functioning of the kidneys. The value of excess
sodium increases with a simultaneous decrease in potassi-
um levels [3]. In turn, the low-sodium diet can negatively
affect the mechanisms of regulation of water-salt homeo-
stasis, activating the system of delayed sodium, especially
the renin-angiotensin-aldosterone system [3].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Violation of water-electrolyte balance is the
leading link in the pathogenesis of many diseases
(kidney disease, disruption of the cardiovascular sys-
tem, etc.) [4, 5]. Kidneys as one of the components of
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the functional system of water-salt metabolism pro-
vide maintenance of the main constants of the internal
environment of the organism of animals and humans,
modulating the state of its functional reserves and
mechanisms. The tension of the systems of regulation
of water-salt balance creates preconditions for the
development of renal failure [4]. Warning and correc-
tion of water-electrolyte and metabolic disorders are
among the tasks of medical therapy, along with the
restoration of intravascular volume [6]. Diuretics are
one of the groups of drugs used to correct kidney dis-
orders and to establish their functional balance [6]. In
turn, the ionic composition of foods (to a greater ex-
tent, sodium ions), which directly affects the excretory
function of the kidneys, may act as a modulator of
diuretic activity [3].

3. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

Today, the data concerning the modulation of the di-
uretic effect of the diuretic salt regimen are quite controver-
sial. In particular, R. Babini et al. [7] found that in rabbits at
a decrease in salt content in the diet, the diuretic effect of
furosemide increased. According to another data [3], with
prolonged (1 month) consumption of sodium chloride in
rats, the saluretic efficacy of furosemide and dihydrochloro-
thiazide in a single dose is somewhat reduced.
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4. Formulation of goals (tasks) of article

The purpose of this work was to determine the pe-
culiarities of the effect of a new acylated derivative of
propyl ester N - [(2-oxoindolinylidene-3) -2-oxoacetyl]
valine — leader on diuretic activity among esters deriva-
tives of N - [(2-oxoindolinylidene-3) 2-oxaacetyl] amino
acids, to the condition of excretory renal function under
the conditions of water and salt loading. The new com-
pound already has diuretic activity [8] and the ability to
improve excretory renal function in acute glyceryl renal
insufficiency [9].

5. Presentation of the main research material
(methods and objects) with the justification of the
results

Materials and methods of research. The object
of the pharmacological study was propyl ester N - [(2-
oxoindolinylidene-3) -2-oxaacetyl] valine (conventional
name "Indolinoren"), synthesized at the Department of
Analytical Chemistry of NUPH under the direction of
prof. S. V. Kolesnik.

Experiments were conducted on 60 non-linear rats
weighing 200 + 20 g. Animal care was carried out in
accordance with the Law of Ukraine No3447-IV "On the
protection of animals from cruel treatment" [10] and in
accordance with the EU Directive of 10/10/2010 on the
protection of vertebrates animals used for experimental
and other scientific purposes [11].

Water loading (WL) was modelled by the introduc-
tion of distilled water at a rate of 5 ml per 100 g body
weight of animals [12]. Salt loading (SL) was reproduced by
intragastric administration to animals 0.45 % solution of
sodium chloride in the amount of 3 % of body weight [13].

Experimental animals were divided into 6 groups
(10 animals per group): group I — intact control for WL
groups; group II — rats with WL treated with indolinoren;
IIT — rats with WL treated with the comparator prepara-
tion — furosemide (produced by the ZAT NVC
"Borschagovsky KhFZ", Ukraine); IV — intact control for
groups SL; V — rats with SL, which were given indo-
linoren; VI — rats with SL, which were administered a
comparison drug furosemide.

Indolinoren was administered once intravenously
in a conditionally effective dose of 29.5 mg / kg, which
was determined during previous studies with diuretic
activity, in the form of a fine aqueous suspension
stabilized by a tween-80, half an hour before loading.
Furosemide was administered in the same mode of
intragastric administration at a dose of 5 mg / kg as an
aqueous solution [3]. Within 2 hours after the
introduction, the animals were in the individual exchange
cages for collecting urine. The volume of urine was
measured. The excretion rates of creatinine, sodium, and
potassium were also determined. Determination of the
concentration of creatinine in blood plasma and urine
was carried out with the help of laboratory kits "Filisit-
diagnostics" [14]. The concentration of sodium and
potassium in urine and blood plasma was measured by
the method of flame photometry [15]. Calculations of
excretion of electrolytes were carried out according to
generally accepted formulas [12]. All received material
was statistically processed using parametric statistical
methods [16].

6. Results and discussion

Analysis of the data showed that in the conditions
of WL indolinoren increases urinary excretion by 167 %
relative to intact control (p <0.05) (Tab. 1). Under condi-
tions of WL, indolinoren exhibits a saluretic effect,
which was accompanied by an increase in excretion of
sodium by 132 % and potassium by 2.4 %, which may
indicate a decrease in their reabsorption in the tubules of
the nephrons. There was no significant difference in
creatinine excretion rates, which may indicate that indo-
linoren has no effect on the velocity of glomerular filtra-
tion. A significant increase in the sodium-potassium
urine ratio was established against the background of the
introduction of indolinoren and the furosemide compari-
son drug in 2.3 and 2.1 times, respectively, with regard to
intact control (p <0.05), which indicates a more distinct
natriuresis than kaliuresis is in the background of their
action [17]. There was no significant difference in the
diuresis value in rats given the indolinoren and the furo-
semide comparison preparation (Table 1).

Table 1

Influence of indolinoren on diuresis and electrolyte excretion under the conditions of water and salt load
(X £SX, n=10)

Conditions of experi- Diuresis for 2 Excretion, pmol /100 for 2 hours Ea—
.. . . Na'/K" coeffi-
ment hours, ml /100 g creatinine sodium potassium cient
Water loading (WL)
Intact control 1.95+0.56 3.65+0.19 53.95+2.10 80.56+3.15 0.67+0.06
Indolinoren, 29.5 mg/kg 5.20+0.50* 3.70+1.10 125.104+6.20* 82.5042.40%* 1.51+0.04*
Furosemide, 5 mg/kg 5.80+0.30* 4.10£1.40 127.00+6.40* 89.40+2.10* 1.42+0.05*
Salt loading (SL)
Intact control 1.85+0.32 3.61+0.14 61.95+1.25 80.45+3.10 0.77+0.05
Indolinoren, 29.5 mg/kg | 8.90:+0.8*/**/© 3.60+0.50 140.65+5.90%/© 86.05+2.94 1.63+0.04*
Furosemide, 5 mg/kg 6.10+£0.41* 4.30+0.63 155.80+4.20%/¢ 89.80+3.10 1.73+£0.05*

Notes:* — deviation is significant relative to intact control, p <0.05; ** — deviation is significant relative to furosemide, p<0.05;
@ - deviations are reliable relative to the corresponding indicator in the group WL, p <0.05; n — the number of animals in the group

Under conditions of SL in the intact control
group, increased sodium excretion was noted and no

significant changes in the creatinine excretion index were
noted. The removal of potassium and water was almost
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the same as with WL. The obtained data coincide with
the data of the literature, which indicate a delay in diure-
sis in dogs for the second hour after SL with 0.4 % solu-
tion of sodium chloride [12]. It is known that in the study
of excretory kidney function by the method of daily urine
collection, in most animals receiving SL, the excretion of
water and osmotically active substances increases in
parallel [3]. Therefore, the lack of expressive diuresis in
intact rats after SL in our experiment may be due to a
relatively short time interval for urine collection
(2 hours).

Under conditions of SL, indolinoren contributed
to a significant increase in urine output by 381 %
(p <0.05), increased sodium excretion by 127 %
(p <0.05), and potassium - by 7 %. The drug comparison
of furosemide in high-sodium diet resulted in an increase
potassium and sodium by 11 % and 151 %, respectively,
and contributed to a 300 % increase in diuresis (p <0.05)
relative to intact control, that is, inferior to indolinoren in
diuretic activity (p <0.05) . In contrast to the data ob-
tained in our experiment, in the work of H. Herken
(1961, cit. by E. B. Berhine, 1967), an increase in the
effectiveness of diuretic action of furosemide in rats
under conditions of SL was established. The difference in
the results may be related to the conditions of the exper-
iment. In experiments, H. Herken administered intraperi-
toneally 0.9 % sodium chloride solution for 24 hours to
rats. The rats in our experiment were administered a
hypotonic solution of sodium chloride once [7]. On
the background of both agents, no reliable changes in
the creatinine excretion index were established
(Tabl. 1). There was a significant increase versus the
group of intact control of sodium-potassium ratio in
2.1 times under the influence of indolinoren and
2.3 times in the background of furosemide action,
which indicates a more pronounced growth of natriu-
resis than kaliuresis, and reflects a decrease in miner-
alocorticoid control of excretory renal function, that is
anti-aldosterone effect [3].

Consequently, under conditions of SL, the diuretic
and saluretic activity of indolinoren at a dose of 29.5 mg /kg

increases and prevails the relevant parameters in condi-
tions of WL. An increase in natriuresis and, to a lesser
extent, kaliuresis in the background of the introduction of
indolinoren in the conditions of WL and SL suggests that
the diuretic effect is realized through the inhibition of the
tubular transport and practically does not affect glomeru-
lar filtration, since the values of excretion of creatinine
acting as a marker of glomerular filtration remained at
the level of output indicators.

The obtained data concerning the enhancement of
indolinoren effects under the conditions of SL is an im-
portant feature in terms of the prospects for the use of
propyl ester of N-[(2-oxoindolinylidene-3)-2-oxacetyl]-
valin as a diuretic in patients both in normal diet and in
excess salt.

7. Conclusions from the conducted research
and prospects for further development of this field

1. According to the data of the study of the effects
of propyl ester N-[(2-oxoindolinylidene-3) -2-oxyacetyl]-
valin under the conditional name "Indolinoren" on the
functional state of the kidneys under the conditions of
water and salt loading, a clear diuretic and saluretic ac-
tivity was established.

2.The new study compound indolinoren
(29.5 mg/kg intragastric) with diuretic activity under salt
loading dominates in comparison with furosemide
(5 mg / kg intragastric) and does not have a significant
difference in the investigated parameters under water
loading conditions.

3. Increase in natriuresis and to a lesser degree of
kaliuresis and absence of probable changes in excretion of
creatinine - a marker of glomerular filtration - against the
background of the introduction of indolinoren under the
conditions of water and salt loading gives reason to sup-
pose that its diuretic effect is realized through the inhibi-
tion of tubular reabsorption, and an increase in urine sodi-
um-potassium coefficient indicates a decrease in mineralo-
corticoid control of excretory renal function. The obtained
data are the basis for further in-depth study of the com-
pound "Indolinoren™ as a perspective diuretic agent.
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DEVELOPMENT AND VALIDATION OF SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF MELDONIUM DIHYDRATE IN DOSAGE FORMS

© A. Donchenko, N. Nahorna, S. Vasyuk

Mema. Cnexmpoghomomempisi € 0OHUM [3 HAUOIILUL WUPOKO 3ACHOCOBYBAHUX MEMOOI8 V (PapmayeemuiHoMy
ananizi. Bucoka uymausicms, eKOHOMIYHICMb Ma 0OCMYNHICMb 051 OLILUWOCME 1A00PaAmOpitl KOHMPOIIO AKOCHE
JIKapcvKux 3acobie € be3nepeuHumMu nepeeazamu ybo2o abcopoyitinozo memoody. OOHAK iCHye HeoOXIOHICmb
NOULYKY HOBUX AHANIMUYHUX peazenmie 05l pO3pOOKU MemOoOUK KLIbKiCHO20 gusHaueHHs. Tomy memoro pobomu
CcmMano 00CiONHCEeHHs 83AEMOOIL MeNbOOHII0 OUiopamy 3 N-XA0PAaHiIOM ma po3poOKA HA OCHOBL OMPUMAHUX Od-
HUX CNeKmpopomoMempusHoi MemoouKy aHalizy npenapamy 8 AiKapcbKux popmax.

Memoou. B 0ocniodcenHi 8UKOpUCINO8Y8AU POOOUUL CIMAHOAPMHUL 3pA30K MeNbOOHII0 0u2iopamy, n-XJa0pamii,
JIM®A, 3pasku eomoeux nikapcokux gopm. [ns eusnauennss OnmudHoi eycmuny npooyKkmie peaxyii 3acmoco-
sysanu cnekmpogpomomemp Specord 200.

Pezynromamu. B xo0i po3pobku memoouxu Oyau nioiopani ORMuMaibHi yMO8U NPOGEOeHHs CREeKMpPogdomoment-
puunozo ananizy. /locniosceno eniue na nepedie peakyii maxkux YUHHUKIG K NRPUPOOA PO3UUHHUKA, KOHYEHMPA-
yis peazenmy, memnepamypa ma 4ac Hazpieanhs. ExcnepumenmanbHo 6CmanosieHo, wo MeibOOoHill 63aEMo0ie
3 n-xaopauinom y cepeoosuwii MDA 3 ymeopenHam 3a0apenenoi ChoayKu 3 MAxKcumymom abcopoyii npu
556 um. Ilposedeno sanioayito po3pobrenoi memoouxu. Buznaueno ocHoeHi eanioayitiHi xapakmepucmuku, da
came, AIHINHICMb, NPEYUIIUHICMb, NPABUILHICIb, pobacHicmbs ma dianazon 3acmocysanHsi. 1lionopsokysarnns
3axoHy Bepa cnocmepicaemoca 6 mesicax konyenmpayin 8,00-20,00 me/100 mn, koegiyicum xopenayii cmarno-
sumv 0,9995. Ilapamempu HiHIlIHOT 3a1€HCHOCMI PO3PAXOBAHO 34 OONOMO20I0 PeSpeciliHo20 AHANIZY MemoOoM
HatlMeHwux keaopamis. 3anpononosana memoouxa sionosioac sumozam ADY, axi eucysaomes 00 Memooux
KIIbKICHO20 AHANI3Y NIKAPCOKUX PEYOBUH.

Bucnoexu. Po3pobneno ma 6anioo6ano cnekmpogomomempuiny MemoouKy KilbKiCHO20 GU3HAYEHHS Melb-
OOHiI0 ouziopamy, AKA YCNIWHO 3ACMOCO8AHA Ol AHANIZY AIKAPCbKux gopm. Pezynomamu docnioscenns ceio-
uamo, WO MEMOOUKA € MOYHOIO, NPOCMOIO Y GUKOHAHHI Ma NPUOAMHON0 Ol GUKOPUCMAHHSL 8 1AOOPAmMOpIsiX
KOHMPOI0 AKOCMI NIKAPCbKUX PeYOBUH

Knrouosi cnosa: cnexkmpogpomomempis, noxioni XiHOHY, N-XAOPAHLN, MeIbOOHII0 Ou2iopam, aHali3, KilbKicHe
BU3HAYEHHNS, 8ani0ayis

1. Introduction
Today, metabolic therapy is an important compo-

drugs that improves metabolic processes in ischemic
myocardium, increase resistance to hypoxia, eliminate
cellular metabolism disorders. To the well-known and

nent of the treatment of virtually any disease of the inter-
nal organs. Drugs affecting the metabolic processes in
the heart, brain, liver, muscles, are widely prescribed by
general practitioners and narrow specialists. A special
place among them take cardioprotectors — a group of

recognized by clinicians cardioprotectors also belongs
meldonium [1]. The drug was created at the Latvian
Institute of Organic Synthesis in the mid-1970s and was
used as a veterinary product. In clinical practice meldo-
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