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Abstract. Influence of substituted quinones on the excretory function of the rat kidney and evaluation of the
prospects of their use as potential diuretics. Sokolova K.V., Podpletnya O.A., Konovalova S.0.,
Avdeenko A.P., Kovalenko S.I. Diuretics are widely used to treat pathologies of various genesis. However, the
development of side effects during their long-term use remains a problem of traditional treatment regimens. The
search for diuretics that would be aimed at inhibiting a key target molecule that is involved in the regulation of salt
or water balance in the kidney, and certainly have a low level of toxicity and side effects, is an urgent task for
researchers. Our preliminary screening of substituted quinones using in silico and in vitro methodology identified
a number of effective compounds that outperform or compete with diuretics. The compounds are not "classic”
carbonic anhydrase 11 inhibitors, but the pronounced diuretic effect of a number of compounds requires additional
explanation. Therefore, the aim of the work was to study the effect of substituted quinones on the excretory function
of rat kidneys to assess the prospects of their further structural modification and use as potential diuretics.
Considering the experimental data, it should be noted that compounds AVD-6, AVD-7, AVD-8 and AVD-9 have
pronounced diuretic activity. Thus, according to indicators of excretory indices of electrolytes, it is possible to note
the predominant influence of compounds AVD-6, AVD-7, AVD-8 and AVD-9 on excretion of sodium, potassium and
chlorine from the body. Compounds AVD-6, AVD-7, AVD-8 and AVD-9, in contrast to Hydrochlorothiazide, which
blocks carbonic anhydrase in the proximal part of the convoluted tubules and accelerates the excretion of potassium
with from the urine, have a much lower excretory index as for these ions. Thus, our conducted research made it
possible to identify a new, little-known class of hybrid molecular structures, namely (N'-(4-[(aroyloxy)imi-
nojcyclohexa-2,5-dien-1-ylidene) aroylhydrazides (AVD-6, AVD-7, AVD-8 and AVD-9), which, in addition to
affecting the excretory function of the kidneys, have significant diuretic activity and are potential diuretics.

Pedepat. BniiuB 3amimeHux XiHOHIiB Ha BHAINbHY (PYyHKIi0 HUPOK IIYPiB Ta OLiHKA NMepCHeKTUB iX 3aCTO-
CyBaHHSl fIK NOTeHUiHUX aiyperuunux 3aco6iB. CoxoJoBa K.B., Ioanierus O.A., KonoBanosa C.O.,
ABneenko A.IL., Kosanenko C.I. Jiypemuuni 3acobu wupoxo 3acmocogyiomo 05l JIKY8AHHS NAMOLO2IU PI3HO20
2eneszy. Oonax po3eumox nobiuHux egexmis npu 00620MPUBANIOMY IX BUKOPUCMAHHI 3ATUMAEMbCI NPOOAEMOIO
mpaouyiunux cxem aikyeanus. Ilowyx diypemuxis, axi 6 HanpasieHo iH2iOysamu Ki0408y MONeKYLy-MilUeHb, SKd
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bepe yuacmv y pecynsayii convosoco abo 600H020 banaucy 6 Hupkax, I, Oe3nepeyHo, Mae HU3bKUL pieeHb
mokcuuHocmi ma nobiuHux egexmis, € akmyaibHolo 3adauero 0asi 00CHionuxie. Ilposedenutl namu nonepeoHii
CKpPUHIHZ ceped 3aMiujeHux XIHOHI8 3 suKopucmanusam in silico ma in vitro memooonoeii 00360.1us i0eHmugiKygamu
pAO epexmusHux Cnoayk, sAKi nepesuwyyroms abo KOHKYPYIOmv 3 cedolinnumu 3acobamu. Cnoayku He € «Kia-
cuuHumMuy iHeibimopamu Kapbooaneiopaszu ll, ane eupadcenuil ceuoliHHull egexm psdy CnoxyKk nompeoye
000amr06020 nosicuenns. Tomy memorw pobomu cmano 6USUEeHHs GNIUSY 3AMIUJEHUX XIHOHIE HA GUOILbHY (YHKYIIO
HUPOK wypie 015 OYIHKU NepCnekmus ix nooansuioi CmpyKkmypHoi moou@ikayii ma 3acmocy8ants K NOMeHYIHUX
Jdiypemuynux 3acobie. Ypaxoeywouu Oawi excnepumenmy, Heob6xioHo iomimumu, wo cnoayku AVD-6, AVD-7,
AVD-8 ma AVD-9 maroms eupasiceny Oiypemuuny axmugHicms. Tax, 3a NOKA3HUKAMU eKCKPEeMOPHUX iHOeKCi8
eneKmponimie ModiCHA GiOMIMmumu nepesgasichuii 6naug cnoayxk AVD-6, AVD-7, AVD-8 ma AVD-9 ua eudinenns
Hampito, Kanrito ma xaopy 3 opeauizmy. Cnoayku AVD-6, AVD-7, AVD-8 ma AVD-9, na eiominy 6io 2iopo-
Xaopmiazuody, akuil O10Kye Kapboan2iopasy y NpoKCUMAIbHOMY GI00LNT 36UMUX KAHAILYIE MA NPUCKOPIOE BUGECOCHHS
i3 ceuero [OHIG KANIO, MAIOMb 3HAYHO HUNCYUL eKCKPEeMOPHUL IHOeKC w000 yux ionis. Omoice, nposedeni Hamu
00Cni0CeHHsT 00360UMU  GUOLIUMU HOBUL MANOGIOOMULL KIAC 2iOPUOHUX MOJEKYIAPHUX CMPYKMYp, a came
(N'-(4-[(aroyloxy)imino]cyclohexa-2,5-dien-1-ylidene) aroylhydrazides (AVD-6, AVD-7, AVD-8 ma AVD-9),

AKI, OKpiM GNMAUGY HA  eKCKpemopHy Qyuyiio
€ nomeHyiuHuUMU OlypemuKamu.

Diuretics are a vast group of drugs with a versatile
mechanism of action, which are widely used in
medical practice for the treatment of pathologies of
various genesis. The main indications for the use of
diuretics, taking into account the nature and
mechanisms of their effect on nephrons, are heart,
kidney and liver failure, which are accompanied by
edema, arterial hypertension, diabetes insipidus of the
nephrogenic type (for thiazide diuretics), etc. [1, 2, 3,
4]. Today, the possibilities of genetics and molecular
physiology have fundamentally changed our
understanding of the molecular mechanisms of the
interaction of salts and water in the renal tubules due
to the discovery of new ion transport proteins or their
regulators (ROMK inhibitors, WNK-SPAK inhi-
bitors, pendrin inhibitors, urea transporters inhibitors
(UTA/B), SGLT?2 inhibitors, etc.) [5, 6, 7, 8]. Despite
the discovery of new targets, active target-oriented
search, understanding of the mechanisms of action,
unfortunately, the "ideal" diuretic agent has not been
found, and the existing ones are characterized by
significant side effects. Thus, the use of traditional
regimens of treatment with this group of drugs is
associated with a significant number of side effects
[9], for example, loop and thiazide diuretics disrupt
electrolyte (causing hypokalemia, hyperuricemia,
hyponatremia) and acid-base balance, cause meta-
bolic disturbances and hypovolemia. In patients with
chronic kidney disease and an increasingly lower
glomerular filtration rate, the effectiveness of the
drugs may decrease, requiring an increase in the
dose or the use of alternative drugs. To overcome
diuretic resistance, combinations of drugs that act in
different segments of the nephron and increase
diuretic efficiency are used. Thus, electrolyte im-
balance, resistance to diuretics and other problems
of clinical application require further search for
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those that would targetly inhibit molecules involved
in the mechanisms of uropoiesis in the kidneys,
with low toxicity and the absence of pro-
nounced side effects.

Previous screening for diuretic activity among
substituted quinones using in silico and in vitro
methodology [10, 11] allowed identification of a
number of effective compounds that exceed or
compete with diuretics. Visualization of the mole-
cular docking of the active compounds showed that
they are not classical CA II inhibitors, but the
pronounced diuretic effect of a number of com-
pounds requires additional explanation. Thus, the
obtained results substantiate the study of their
effect on the excretory function of the kidneys of
rats in comparison with reference drugs for a more
detailed understanding of the mechanism of action,
as well as structural modification to enhance
diuretic activity.

The aim of the work is to study the effect of
substituted quinones on the volume and excretion of
urinary electrolytes in order to evaluate the prospects
of their further structural modification for use as
potential diuretics.

MATERIALS AND METHODS OF RESEARCH

To study the effect on the volume and excretion of
electrolytes with urine under conditions of fluid load
and spontaneous urination with a single injection,
compounds (YI-14, YI-13 ta AVD 1-9) were
selected. In this case it is 2,5-dibenzoylamino-1,4-
quinone  (YI-14), (N-(1-ox0-4-(tosylimino)-1,4-
dihydronaphthalen-2-yl)benzamide (YI-13) and (V-
(4-[(aroyloxy)imino]cyclohexa-2,5-dien-1-ylidene)-
aroylhydrazides (AVD-1-9), whose synthesis me-
thods are known [20, 21] (Fig.).
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N'O\ﬂ/ Ry AVD-1R;=H, R,= H
| AVD-2 R;= 2-BCgHur, Ry= 4-NO;
Y AVD-4 Ry= 2-CICgH, Ry=3-NOy;
AVD-5 R1= C6H5y R2= 2,4-N02;
0 AVD-6 Ry=2-IC¢H, R,=4-Br;
NI AVD-7 R{=CgHs R;=4-Cl;

N AVD-8 R¢= CgHs, Ry= 3,5-(OMe);
H R,  AVD-9 Ry=2-MeCgH, Rp=2-Me

Chemical structure of substituted quinones

Screening was performed on 90 white male Wistar
rats weighing 100-185 g, which were kept under
standard conditions in the vivarium of the Dnipro
State Medical University. The research was
conducted in accordance with the "General Ethical
Principles of Animal Experiments" (Ukraine, 2001),
the provisions of the "European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes" (Strasbourg,
1986) and the conclusion of the Biomedical Ethics
Commission DSMU (protocol No. 3 dated 16.02.2022)
[12]. Determination of the effect of compounds on the
excretory function of the kidneys of rats was
evaluated under the conditions of spontaneous daily

pr&
Vi

where:
V| — urine volume of animals that received the studied compounds;
Vi — urine volume of the control group of animals

DA =

where:
DI — diuretic index of the experimental group of animals;
DI, — diuretic index of the control group of animals (is 1.00).

Reference drugs selected Triamterene 25 mg (dose
for a rat 2.6 mg/kg), Furosemide 40 mg (4.1 mg/kg),
Hydrochlorothiazide 25 mg (2.6 mg/kg), Acetazola-
mide 250 mg (25.8 mg/kg) [13]. Doses for animals
were calculated according to generally accepted
formulas [19].

Biochemical studies of blood plasma and urine
were carried out using standard test kits of LLC
NPV "Filisit-Diagnostika" (Ukraine). The concen-
tration of potassium ions was determined by the
reaction with tetraphenylborate in an alkaline en-
vironment [21], sodium — by the reaction with
phosphonazo III [21], chlorides — by the reaction in
a strongly acidic environment of rhodanide ion
(released from rhodanide of mercury (II)) with iron
ions (I1T) [20].

6

diuresis and water load. Before the experiment, the
animals were kept without food for three hours. The
diuretic effect of the compounds was studied both
under fluid load and without it (room temperature
drinking water was administered intragastrically to
the animals) at the rate of 5 ml per 100 g of animal
weight. The compounds were administered to rats
once intragastrically in doses of 2.6 mg/kg of body
weight in the form of an aqueous suspension simul-
taneously with water load. Animals were placed in
individual cages for urine collection for three hours
and 24 hours. Additionally, the diuretic index (DI)
and diuretic activity (DA) were determined according
to equations 1 and 2.

(D,

D1
DIK

2,

The urine Na'/K" ratio which indicates the degree
of mineralocorticoid control of electrolytes was
calculated.

The obtained results were statistically processed
using the Statistica 6.1 software package (StatSoft
Inc., serial number AGAR909E415822FA). Ari-
thmetic mean values and their standard errors (M+m)
were calculated. The probability of intergroup
differences was determined using the Student's
parametric t-test and one-way analysis of variance
(ANOVA). Differences were considered statistically
significant for values of p<0.05 [14, 18].

RESULTS AND DISCUSSION

The results of the effect of the studied compounds
on diuresis are shown in Table 1. In the animals, in
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the first hours of the experiment, against the
background of water stress, moderate changes in the
volume of wurine under the influence of the
compounds were observed in most groups. Diuretic
index exceeded from 8% to 32% (p<0.05). Com-
pounds YI-13, AVD-5, AVD-6, AVD-8 did not affect
diuresis and had no probable changes compared to the
control group. However, against the background of
spontaneous urination by the 24th hour of the
experiment under the influence of quinonoximes
(AVD-6, AVD-7, AVD-8, AVD-9), probable
changes in diuresis were observed relative to both
control and comparison drugs. Diuresis exceeded
control values from 51% to 93%, compound AVD-7

had the strongest effect relative to control (+93%),
relative to Triamterene (+90%), relative to Furosemide
(+10%), Hydrochlorothiazide (+1%) and Acetazo-
lamide (+38%). It is important that quinonoximes
AVD-6, AVD-7, AVD-8, and AVD-9 had a diuretic
index (DI) of more than 1.50 units, which makes it
possible to assert their high diuretic activity (Table 1).
For compounds AVD-1 and AVD-2 no diuretic
activity was detected. In other quinone derivatives, DI
is in the range of 1.02-1.32 units, they show moderate
diuretic activity. It is noteworthy that compounds
AVD-8 and AVD-9 exceed the reference drugs
Triamterene and Diakarb in terms of diuretic activity.

Table 1

The effect of the studied compounds and reference drugs on the volume of urine in rats under
conditions of water stress and spontaneous urination in a single administration (M+m)

A group Diuresis. Diuresis.

ofanimals | ™/PEr100g | ppw | oparwe | oparve | paiwe | paawe | miper100g oy e fop cmsu | parse | pamssu | passe
(n=6) in 2 hours in 24 hours
(p<0.05) (p<0.05)

K 3.39+0.30 1.00 3232028  1.00
T 4.00£0.23* 118 1.00 3.28+0.17 1.2 1.00
F 44120.17% 130 1.10 1.00 561£0.38* 174 171 1.00
H 4744038  1.40 1.19 1.07 1.00 6.13£0.27* 190 187 109  1.00
A 3.79+0.68 112 0.95 112 0.80 1.00  4524030* 140 138  0.81 0.72 1.00
YI-13 3.25+0.28 0.96 0.82 0.74 0.69 0.86  4.27+021* 132 130 076 070  0.94
YI-14 3.67£0.06*  1.08 0.92 0.83 0.77 113 331£024* 102 101 059 054 073
AVD-1 447£0.56*  1.32 112 1.03 0.94 136 2.97+029* 092 091 053 048  0.66
AVD-2 4324029 127 1.08 0.98 0.91 1.33 3.07£0.14 095 094 062 050  0.68
AVD-4 3.880.23 1.15 0.97 0.88 0.82 1.19 3912045 121 1.03 070  0.64  0.87
AVD-5 3.29+0.31 0.97 0.82 0.75 0.69 101 4.0420.11* 125 123 072 0.66  0.89
AVD-6 2.99+0.33 0.88 0.75 0.68 0.63 092  540+0.64* 167 165 096 088 119
AVD-7 3.45+0.38 1.02 0.86 0.78 0.73 1.06 622072 193 190 110 101 1.38
AVD-8 2.99+0.31 0.88 0.75 0.68 0.63 093  4.89+0.48* 151 149 087 080  1.08
AVD-9 3.5120.47 1.04 0.88 0.80 0.74 1.08  527¢028* 1.63 1.6l 094 086 117

Notes: n — number of animals in the group; * — significant differences with respect to the control group (K) at p<0.05; DI"" — diuretic index under conditions of
water load; DA™ — diuretic activity under conditions of water load relative to the comparison drug Triamteren; DAFV: — diuretic activity in conditions of water
load relative to Furosemide; DA"WY — diuretic activity in conditions of water load relative to Hydrochlorothiazide; DA*™" — diuretic activity in conditions of
water load relative to Acetazolamide; DIV — diuretic index in conditions of spontaneous urination; DA™Y — diuretic activity in conditions of spontaneous urination
relative to Triamterene; DA™Y — diuretic activity in conditions of spontaneous urination relative to Furosemide; DA™Y — diuretic activity in conditions of
spontaneous urination relative to Hydrochlorothiazide; DAPSY — diuretic activity in conditions of spontaneous urination relative to Acetazolamide; K — control; T

— Triamterene; F — Furosemide; G — Hydrochlorothiazide; A — Acetazolamide.

24/Tom XXIX/2



TEOPETHUYHA ME/[UI[HMHA

Daily urine samples collected for 24 hours were
analyzed for the content of electrolytes (Na*, K and
CI) (Table 2). All compounds increased sodium ex-
cretion from 2% to 339% compared to control. The
analysis of excretory indices showed that compounds
AVD-7, AVD-6, AVD-9, AVD-8 exerted the
strongest probable influence (p<0.05) on sodium
excretion, the changes were from +249% to +339%
(AVD-7 +339%, p<0.05) compared to the control. A
less pronounced but probable effect was observed in
groups AVD-5 (+195%, p<0.05), AVD-4 (+131%,
p<0.05), YI-14 (+34%, p<0 .05), AVD-2 (+31%,
p<0.05). Excretion of potassium increased against the
background of administration of all compounds (from
7% to 121%). Compounds AVD-7 (+121%, p<0.05),

AVD-6 (+120%, p<0.05) and AVD-9 (+105%,
p<0.05) most potently increased kaliuresis. Other
quinonexime compounds moderately increased
urinary potassium excretion. YI-13 and YI-14
probably increased kaliuresis by +38% and +42%,
respectively. All compounds probably increased
chlorine excretion from +26% to +700%. It should be
noted compounds AVD-9 (+700%, p<0.05), AVD-6
(+617%, p<0.05), AVD-7 (+568%, p<0.05), which
significantly outperformed the reference indicators
and the comparison drug Furosemide. Quinonexime
compounds (AVD-7, AVD-9, AVD-8, AVD-6,
AVD-5, AVD-4) had a probable effect on the urine
Na'/K" ratio and increased it from 47% to 98%.

Table 2

The effect of the investigated compounds and reference drugs on the excretion
of electrolytes from the urine of rats under conditions
of spontaneous urination in a single administration (M+m)

Excretion, pmol/ per 100 g in 24 hours Coefficient
A group of
animals (n=6)
Na* K* Cr Na* /K" urine
(p<0.05) (p<0.05) (p<0.05) (p<0.05)
K 2.19+0.50 16.33+2.58 0.37+0.08 0.13+0.02
T 4.01+0.67* 24.14+1.83* 1.59+0.30% 0.16+0.02
F 11.83+1.50% 40.46+2.21% 2.224+0.52% 0.29+0.02*
H 13.53£1.73* 45.86+1.38* 6.05+0.82* 0.29+0.03*
A 4.21+0.86* 28.48+1.89* 0.72+0.09* 0.15+0.02
YI-13 2.56+0.14 22.53+1.01* 0.47+0.03* 0.11+0.01
YI-14 2.94+0.41* 23.24+1.04* 0.64+0.06* 0.13+0.02
AVD-1 2.27+0.32 17.43+0.78 0.59+0.07* 0.13+0.02
AVD-2 2.88+0.31 19.78+1.16 0.68+0.05* 0.15+0.01
AVD-4 5.07+0.80* 25.74+0.55* 1.86+0.26* 0.20+0.03*
AVD-5 6.48+0.57* 29.23+1.53* 1.35+0.17* 0.22+0.01*
AVD-6 8.92+2.53* 35.95+3.23* 2.65+0.48* 0.25+0.05*
AVD-7 9.62+1.85* 36.09+2.35% 2.46+0.43* 0.27+0.03*
AVD-8 7.66+0.97* 31.07+0.77* 1.86+0.35* 0.25+0.03*
AVD-9 8.78+0.86* 34.48+1.17* 2.95+0.17* 0.26+0.03*

Notes: n — number of animals in the group; * — significant differences relative to the group of control (K) at p<0.05; K — Control; T — Triamterene; F —

Furosemide; H — Hydrochlorothiazide; A — Acetazolamide.
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Considering the experimental data, it should be
noted that compounds AVD-4, AVD-5, AVD-6,
AVD-7, AVD-8, AVD-9 exhibit diuretic activity.
Thus, according to the indicators of excretion of
electrolytes, it is possible to note the predominant
effect of compounds AVD-4, AVD-5, AVD-6, AVD-
7, AVD-8, AVD-9 on the release of sodium,
potassium and chlorine ions from the body [15].
However, compounds AVD-4, AVD-6, AVD-7,
AVD-8, AVD-9, in contrast to Hydrochlorothiazide,
which blocks carbonic anhydrase in the proximal part
of the convoluted tubules [21] and accelerates the
excretion of potassium ions from the urine, have a
much lower excretion of these ions. Certain
quinonexime derivatives (AVD-4, AVD-6, AVD-7,
AVD-8, AVD-9) increased the excretion of sodium
and potassium and increased the Na'/K' ratio of
urine, which indicates a decrease in mineralocorticoid
control of the distal tubules of the studied groups. In
our opinion, this may be related to the peculiarity of the
structure of these compounds, namely the presence of
(N'-(4-[(aroyloxy)imino]cyclohexa-2,5-dien-1-
ylidene)aroylhydrazides (AVD) in the molecular
structure (AVD-4, AVD-5, AVD-6, AVD-7, AVD-§,
AVD-9) with different chemical properties of the
fragments. Thus, the aroylhydrazone fragment of the
molecule, which is characterized by tautomerism, can
provide the ability to inhibit carbonic anhydrase due
to the formation of coordination bonds of zinc cation
and amino acid residues of the active center of the
enzyme [10]. While the aroyloxime fragment of the
molecule, as more lipophilic, can provide interaction
with epithelial sodium channels (ENaC), which are
transmembrane channels and increase sodium ion ab-
sorption in exchange for ion secretion [16]. In
addition, an important factor is the ability of quinone
derivatives to participate in redox reactions. The
biological targets of quinone derivatives depend on
their reactivity, the location and speed of their
formation. In vivo, quinones can exert a cytopro-
tective effect due to the induction of enzymes
detoxification, anti-inflammatory activity and
modification of redox status [17].

CONCLUSIONS

The conducted studies made it possible to identify
a new, little-known class of hybrid molecular

structures, namely  (N'-(4-[(aroyloxy)imino]cy-
clohexa-2,5-dien-1-ylidene)aroylhydrazides (espe-
cially compounds AVD-6, AVD-7, AVD-8 and
AVD-9), which have significant diuretic activity and
are potential diuretics. It should be noted that these
compounds have a predominant effect on the
excretion of sodium, potassium and chlorine ions
with the urine. The ability of these compounds to
weaken the mineralocorticoid control of the distal
tubules of the nephron may be one of the links in the
mechanism of action of these drugs.

Recommendations. We identified a new, little-
known class of hybrid molecular structures, namely
(N'-(4-[(aroyloxy)imino]cyclohexa-2,5-dien-1-ylide-
ne)aroylhydrazides (AVD-6, AVD-7, AVD-8 and
AVD-9), which is promising from the point of view
of further structural modification, experimental con-
firmation and use as potential diuretics. This direction
requires in-depth research, which can be a
continuation of our work.
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