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The aim of the work was a phytochemical and pharmacological study of biologically active compounds (BACs) and Populus
rubrinervis Hort. Alb. buds preparations of various polarities.

Materials and methods. The object of the study was dry extracts of P. rubrinervis Hort. Alb. buds the samples of which
were prepared in January—March 2023 in the Botanical Garden of Samara University (Samara, Russia). The separation of the
amount of current substances was carried consecutively by the method of circulating extraction (chloroform), then, by the
method of fractional percolation, a tincture was received on 70% ethyl alcohol (1:5). Pinostrobin was used as the standard
sample (SS). The analysis of the substances was carried out by the TLC method. The electronic spectra registration was carried
out with a spectrophotometer "Specord 40" (Analytik Jena, Germany). The study of the pharmacological (diuretic) activity
of P. rubrinervis Hort. Alb. buds dried extracts was carried out on 60 white outbred rats of both sexes weighing 200-220 g in
the experiments with aqueous diuresis.

Results. P. rubrinervis Hort. Alb. buds dried extracts of various polarities (extract No. 1 (chloroform) and extract No. 2
(70% ethanol) were received. By the method of thin-layer chromatography, it was determined that the dominant complexes
of the lipophilic nature with pinostrobin are isolated in extract No. 1, phenolic substances of the glycoside nature prevail in
extract No. 2. Despite various polarities of the extragents, spectral characteristics of extract No. 2 have significant similarities
with extract No. 1. When studying the diuretic activity, it was established that when SS pinostrobin was injected at a dose of
1 mg/kg, for 4 h of the experiment, an isolated increase in diuresis was noted (from 1.7240.11 to 1.97+0.03 ml, p <0.05); at
the same time, an isolated increase in creatininuresis (from 1.50+0.29 to 2.39+0.15 mg, p <0.05) was observed during 24 h of
the experiment. When extract No. 2 was injected at a dose of 10 mg/kg, there was a moderate significant increase in diuresis
(from 1.82+0.02 to 2.07+0.04 ml and from 2.38+0.39 to 3.02+0.11 ml, p <0.05) and a significant increase in creatininuresis
(from 0.14+0.01 to 0.19+0.03 mg and from 2.31+0.42 to 2.79+0.51 mg, p <0.05) for 4 and 24 h of the experiment, respectively.
Conclusion. The extraction separation of the amount of P. rubrinervis Hort. Alb. buds by the polarity degree was carried out.
Pinostrobin SS at a dose of 1 mg/kg and extract No. 2 at a dose of 10 mg/kg had a diuretic activity, in connection with which
they are promising in terms of the development of effective drugs.

Keywords: Populus rubrinervis Hort. Alb.; dry extract; pinostrobin; UV spectrophotometry; diuretic activity

Abbreviations: HM — herbal medicine; SPh RF — State Pharmacopoeia of the Russian Federation; BAC — biologically active

compounds; SS — standard sample; DSA — diazobenzenesulfonic acid; PhM — pharmacopoeial monograph.

For citation: E.A. Urbanchik, V.A. Kurkin, E.N. Zaitceva, V.M. Ryzhov, A.V. Dubishcheyv, A.S. Tsibina, A.l. Altareva, Yu.D. Sirotkina. Phytochemical and
pharmacological study of biologically active compounds and dry extracts of Populus rubrinervis Hort. Alb. buds of various polarities. Pharmacy
& Pharmacology. 2023;11(4):301-311. DOI: 10.19163/2307-9266-2023-11-4-301-311

© E.A. Ypbanuuk, B.A. KypkuH, E.H. 3aiiyeea, B.M. Poixcos, A.B. flybuwes, A.C. ubuHa, A.U. Aamapesa, F0.[]. CupomkuHa, 2023

Ans untuposaHusa: E.A. YpbaHuuk, B.A. KypkuH, E.H. 3aliuesa, B.M. Pbixkos, A.B. ybuwes, A.C. UnbuHa, A.N. Antapesa, t0.[. CupoTKuHa.
dutoxmmmyeckoe u dapmakonormyeckoe uccnefoBaHMe OUONOTMYECKM aKTUBHbIX BELLEeCTB M CyXMX IKCTPAKTOB MOYEK Tomnons
KpacHoHepBHoOro (Populus rubrinervis Hort. Alb.) pasanyHoit nonspHoctn. ®apmayus u  papmakonoaus. 2023;11(4):301-311.
DOI: 10.19163/2307-9266-2023-11-4-301-311

Tom 11, Beinyck 4, 2023 301


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2023-11-4-301-311&domain=pdf&date_stamp=2023-12-01https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2023-11-4-301-311&domain=pdf&date_stamp=2023-12-01

RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

Putoxnmmyeckoe u papmakosriornyeckoe uccnegoBaHuve
OMONOrMYecKn akTUBHbIX BELECTB U CYXUX IKCTPAKTOB MNo4ek
Tonons KpacHoHepBHoro (Populus rubrinervis Hort. Alb.)

pasrM4HON NOMAPHOCTU

E.A. Yp6aHuuK, B.A. KypkuH, E.H. 3aiiueBa, B.M. Pbixxos, A.B. [ly6buwies,

A.C. Unbuna, A.U. Antapesa, 10.[l. CUpOTKUHA

depepanbHoe rocygapcTeeHHoe blogykeTHoe 06pa3oBaTe/ibHOE yUperkaeHWe Bbiclero obpasoBaHms
«CamapCcKuii rocyaapCcTBEHHbIM MEAULMHCKUIA YHUBEPCUTET»
MuHKUCTepcTBa 34paBooxpaHeHna Poccuiickon Geaepaumm,

443099, Poccus, r. Camapa, yn. Yanaesckas, 4. 89

E-mail: v.a.kurkin@samsmu.ru

MonyyeHa 18.07.2023 MNocne peueHsnposaHma 25.10.2023 MpuHAaTa K nevatn 30.10.2023

Lienb. MposegeHne GuUToXxMMUYecKoro U GapMaKosorMyeckoro UccaeoBaHna BUONOrMYeckM akTUBHBbIX BellecTs (BAB) u
npenapaToB Ha OCHOBE MOYeK ToNoAsA KpacHoHepBHOro (Populus rubrinervis Hort. Alb.) pasanyHoi nonsapHoCTy.
Martepuanbl u metoabl. O6BLEKTOM MCCNEAO0BaHUA CTAaAN CyXMe SKCTPAKTbl MOYEK TOMOAA KPacHOHePBHOro, obpasuibl
KOTOPbIX OblIM 3aroToBaeHbl B AHBape—mapTe 2023 roga Ha Tepputopumn boTaHnyeckoro caga CamapcKoro yHMBepcuteTa
(r. Camapa, Poccus). PasgeneHue cymmbl AeMCTBYHOLWMX BELLECTB NPOBOAW/IM MOCAEA0BATENbHO METOLOM LIMPKYAALMOHHOWM
3KCTPaKLMK (xnopodopm), a 3aTeM MeTOA0M APOOHOIN NEPKONALMM NONYHaANMU HACTOMKY Ha cnupTe sTuaoBom 70% (1:5). B
KayecTBe cTaHAapTHoro obpasua (CO) Mcnonb3oBaan NMMHOCTPOOUH. AHaNIM3 BeLLEeCcTB MPOBOAUIN METOAOM TOHKOC/IOMHOW
xpomatorpaduu. Peructpaumio Y®P-cnekTpoB OCYLLECTBASAN C MOMOLLbo cnekTpodpoTtomeTpa «Specord®40» (Analytik
Jena, TepmaHusa). UccnepgosaHue dbapmaKonormyeckon ([UMypeTryeckoi) aKTUBHOCTU CyxXMX SKCTPAKTOB MOYEK TOMOoAs
KpacHOHepBHOro NPOBOAMAN Ha 60 6enbix ayTbpeaHbIX Kpbicax o6oero nosa maccovt 200—220 r B 3KCNEPUMEHTax C BOAHbLIM
anypesom.

Pe3ynbratbl. [oNyyYeHbl Cyxme SKCTPaKTbl HA OCHOBE NOYEK TOMOJIA KPACHOHEPBHOMO Pa3/IMYHOM NONAPHOCTH (IKCTpaKT Ne 1
(xnopodopm) m skcTpakT Ne 2 (cnupT stmnosblit 70%). MeToaom TOHKOC/IOMHOM XpomaTtorpaduv onpeneneHo, 4To
AOMUHUpPYIOLWME KOMMAEKChl ANMNOGUNBHOM NPUPOAbI € MUHOCTPOBUHOM M30/IMPOBaHbl B 3KCTPakT N2 1, B sKCTpakTe
N2 2 npeBanvpytoT GeHoNbHble BelecTBa MIMKO3MAHOM Mpupoabl. HecmoTpsa Ha pasHyr NOMAAPHOCTb IKCTPAreHToB,
CMeKTPa/ibHble XapaKTePUCTMKM 3KCTpakta Ne 2 umenn 3HauuTeNbHOe CXOACTBO C 3KCTpaktom Ne 1. Mpu un3yyeHuu
[AWNYPETUYECKOMN aKTUBHOCTU onpeaeneHo, 4to npu seegeHnmn CO nuHocTpoburHa B Ao3e 1 mr/Kr3a 4 4 onbiTa 6b110 OTMEYEHO
M30/1MpOBaHHOe MoBbliweHne auypesa (c 1,72+0,11 go 1,97+0,03 mn, p <0,05), B ToXKe Bpems 3a 24 4 onbiTa OTMEYEHO
M30/IMPOBaHHOE MOBbILWEHME KpeaTuHUHype3a (¢ 1,50£0,29 ao 2,39+0,15 mr, p <0,05). Mpu BBeaeHUM sKcTpakTa Ne 2 B
no3e 10 Mr/Kr oTMe4YeHo ymepeHHoe A0CTOBEPHOE MoBbilweHMe aunypesa (¢ 1,82+0,02 go 2,07+0,04 mn u ¢ 2,38+0,39 ao
3,0240,11 mn, p <0,05) 1 3HauMTeNbHOE yBENMYeHUe KpeaTuHWUHypesa (¢ 0,14+0,01 go 0,19+0,03 mr m ¢ 2,31+0,42 po
2,7940,51 mr, p <0,05) 3a 4 1 24 4 onNbiTa COOTBETCTBEHHO.

3akntoyeHue. [poBefeHO IKCTPAKLMOHHOE pasfesieHne CyMMbl BeLecTB Mo4Yek TOMOoAA KPaCHOHEPBHOro Mo CTerneHu
nonapHocTu. CO nnHocTpobuHa B Ao3e 1 mr/Kr v akcTpakT N2 2 B Ao3e 10 Mr/Kr MpoaBASAN AUYPETUYECKYIO aKTUBHOCTb, B
CBA3W C YeM U ABAAIOTCA NEPCNEKTUBHBIMM B N1aHE Pa3paboTKM 3DPEKTUBHbIX JIEKAPCTBEHHbIX CPEACTB.

KnioueBble cnoBa: Tononb KpacHOHepBHbIN; Populus rubrinervis Hort. Alb.; NoO4YKM; CyXoW 3KCTPAKT; MUHOCTPOBUH;
Y®-cnekTpopoTOMETPUA; ANYypPETUHECKAA aKTUBHOCTb

Cnucok coKkpaweHumid: JIPM — nekapCTBEHHbIN pacTUTeNbHbIM NpenapaT; M PP — locyaapcTeeHHas dapmakonen Poccuinckoi
denepaunn; BAB — 61Monornyeckn aktmeHble Belectsa; CO — cTaHAapTHbIM obpasew; ACK — anasobeH3oncynbPpoKkncnoTa;
®C — dapmakonenHasn cTaTbs.

INTRODUCTION

At present, herbal medicines (HMs) are actively used
in medical practice for the treatment and prevention of
various diseases [1-4]. These drugs have a number of
advantages over synthetic ones: they are relatively safe,
less toxic, and have a broader spectrum of action [4, 5].

One of the interesting and perspective sources of
medicines are plants of the Willow family (Salicaceae)
of the Poplar genus (Populus L.), which grow widely
in temperate countries: Western and Eastern Siberia,
Europe, Eastern Kazakhstan, Central Asia, and Western
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China [5-8]. About 20 species of poplar grow in central
Russia, the most common of which (including the Samara
region) are: P. nigra L., P. deltoides Marsh; P. suaveolens
Fisch; P. laurifolia Ledeb; P. balsamifera L.; P. alba L.;
P.tremula L.; P. rubrinervis Hort. Alb. [6, 9, 10]. Now State
Pharmacopoeia of the Russian Federation XV edition
(SP RF XV ed.) includes a pharmacopoeial monograph —
PhM.2.5.0042.15 “Poplar buds”!. The following species

! State Pharmacopoeia of the Russian Federation. XV ed. Vol. 4.
Moscow; 2018. 1832 p. Available from: https://docs.rucml.ru/feml/
pharma/v14/vol4/. Russian
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are pharmacopoeial: P. nigra L., P. balsamifera L.,
P. deltoides Marsh., P. suaveolens Fisch., P. laurifolia
Ledeb.

Drugs based on medicinal plant raw materials
of these genus have anti-inflammatory, antipyretic,
analgesic, wound healing, antimicrobial, anti-ulcer,
antioxidant activities and are widely used in official and
folk medicine [7, 11-13]. In current scientific studies,
there is also a mention of the investigation of Populus
balsamifera L. buds dihydrochalcones as an effective
agent for a topical treatment of psoriasis along with anti-
inflammatory and antioxidant effects [14-17].

A chemical composition of a pharmacopoeial
raw material — Poplar buds — is rich and quite diverse.
The literature sources describe the Populus L. buds
as mainly containing compounds of phenolic nature:
simple phenols (salicin, salicylic alcohol); phenolic
acids, phenylpropanoids; terpenoids (mono- and
sesquiterpenoids); flavanones (pinocembrin,
pinostrobin); flavones (apigenin, chrysin, tectochrysin);
flavonols (galangin, kaempferol, quercetin); chalcones
and dihydrochalcones; caffeic and ferulic acids, as well
as their derivatives [6, 14, 15, 18]. It should be noted
that phenolic compounds (flavonoids, phenylpropanoids
and simple phenols) make a significant contribution to
the manifestation of the pharmacological activity of the
HMs based on poplar raw materials [6, 19-21]. So, the
leading group of BACs of the pharmacopoeial Poplar
species buds are flavonoids, among which flavanones
pinostrobin (5-hydroxy-7-methoxyflavanone)  and
pinocembrin (5,7-dihydroxyflavanone) dominate; this
fact determines the presence of the drugs antimicrobial
activity (Fig. 1) [22-25].

However, this group has other pharmacological
properties as well [19, 26-28]. For example, a recently
described study compared the anti-inflammatory activity
of Populus L. bud extracts and flavanones (pinocembrin
and pinostrobin) against pro-inflammatory human
gingival fibroblasts (HGF-1), which revealed the potential
protective role of both BACs and Populus L. bud extracts
and demonstrated antioxidant properties [29]. The
hepatoprotective and cardiovascular activities of the
alcoholic Populus L. bud extract were also evaluated
along with antioxidant and anti-inflammatory activities.
In this study, the alcoholic extract showed significant
anti-inflammatory, hepatoprotective, and vasodilatory
activities, the latter being endothelium-independent
and believed to be mediated mainly by the ability of the
individual components to exhibit antioxidant properties,
probably, related to the inhibition of Ca?* ion influx [30].

The analysis of literature sources has shown the
presence of a diuretic activity, i.e., an increase in the renal
excretion of water, electrolytes, creatinine preparations
and individual BACs from the raw materials of the genus
Poplar plants: decoction of the aspen bark (Populus
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tremula L.) (100 pl/kg), the infusion of aspen buds
(100 pl/kg), tincture of aspen buds (100 ul/kg), tincture
of the aspen bark (100 pl/kg), tincture of poplar buds
(50 and 100 pl/kg), an increase in the renal excretion of
water, electrolytes, creatinine [5]. Tremuloidin isolated
from the aspen bark at doses of 25 and 50 mg/kg
stimulated diuresis, saluresis, and creatininuresis, and
at a dose of 100 mg/kg, it stimulated only the excretion
of sodium, potassium, and creatinine [5]. The diuretic
effect was also found for the dry extract of P. simonii
Carrier buds [31, 32].

So, the research of the family Salicaceae of the
genus Populus representatives is currently relevant for
the scientists all over the world. The annually updated
and summarized data on the chemical composition
of buds of the genus Poplar plants, as well as on the
pharmacological activity of the active substances and
developed dosage forms based on the buds of the genus
Poplar plants [19, 22—-24]. Currently, it is known that
P. rubrinervis Hort. Alb. is actively used for landscaping
of populated areas [10]. It has its own differences and
advantages over other species: all plants are male
specimens, it does not form fluffy seeds, it is winter-
hardy, gas tolerant, propagates well by unwooded stem
cuttings, and it is distinguished from other species by
the highest growth vigor [9, 10, 33]. The significant
phytomass of the bud allows us to talk about a greater
economic efficiency in the processing of this raw material
relative to the classical species — black poplar [33].
However, there is very little information in the literature
on the chemical composition and pharmacological
activity of preparations and BACs of P. rubrinervis Hort.
Alb. buds, which contributed to the authors’ scientific
interest in this object.

THE AIM of the work was a comparative
phytochemical and pharmacological study of biologically
active compounds (BACs) and Populus rubrinervis Hort.
Alb. buds preparations of various polarities.

MATERIALS AND METHODS

The object of the study was dry extracts of
P. rubrinervis Hort. Alb. buds, harvested in the period
from the end of January to March 2023 before
swelling. The collection plantings of the Botanical
Garden of Samara University were the main base
for collecting raw materials (Samara, Russia). Drying
was carried out naturally without heating. The dried
raw materials were subjected to a classical sample
preparation in accordance with the requirements of
SP RF XV edition of the pharmacopoeial monograph
“Buds” (GPhM.1.5.1.0009.15)%. The SS of pinostrobin
(5-hydroxy-7-methoxy-2-phenylchroman-4-one),

2 GPhM.1.5.1.0009.15 “Buds”. State Pharmacopoeia of the
Russian Federation. XV ed. Moscow, 2023. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-5/1-5-2/
pochki/. Russian
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obtained earlier from P. balsamifera L. buds according to
the requirements of PhM 42-0073-01 “Pinostrobin as a
standard sample” was also analyzed.

Preparation of work solutions for analysis

by thin-layer chromatography

and UV-spectrophotometry methods

In order to separate the amount of current
substances contained in the buds of P. rubrinervis Hort.
Alb., the forextraction of raw materials by the method
of circulating extraction in the Soxhlet apparatus,
was carried out. During the extraction, 30 complete
cycles were counted, the end of the extraction was
determined by the absence of staining of the extractant
in the working Soxhlet flask. Chloroform was used as an
extractant. The resulting lipophilic chloroform extract of
Populus rubrinervis Hort. Alb. buds (extract No. 1) had
been evaporated in a rotary evaporator under vacuum
at 45°C until a dry extract was obtained. After the
forextraction, the defatted raw material was dried under
traction without heating. Then, a tincture on a 70% ethyl
alcohol in the ratio of raw material and extractant is
1:5 was obtained on the basis of this raw material by
the method of a fractional percolation. Then, to obtain
a dry extract of P. rubrinervis Hort. Alb. buds (extract
No. 2), the tincture, similarly to the lipophilic extract,
was evaporated in a rotary evaporator under vacuum
at 65°Ct.

Sample processing for dry extract

of P. rubrinervis Hort. Alb. buds (extract No. 1)

The aliquot of 0.3 g of P. rubrinervis Hort. Alb.
buds dry extract (chloroform) (accurately weighed
quantity) was placed in a 50 ml capacity measuring flask,
dissolved in 25 ml of 96% ethyl alcohol by heating in a
boiling water bath and the volume of the solution was
adjusted by the same solvent (sample solution A,). The
aliquot of 1 ml of the sample solution A, was placed in
a 50 ml capacity measuring flask, 2 ml of 3% ethanolic
solutions of aluminum (IIl) chloride was added, and the
volume of the solution was adjusted by 96% ethanolic
solutions (sample solution B.). The reference solution
was prepared in the following way: 1 ml of the sample
solution A was placed in a 50 ml capacity measuring flask
and the volume of the solution was adjusted by 96 %
ethanolic solutions.

Sample processing for dry extract

of P. rubrinervis Hort. Alb. buds (extract No. 2)

The aliquot of 0.3 g of P. rubrinervis Hort. Alb. buds
dry extract (ethanol) (accurately weighed quantity)
was placed in a 50 ml capacity measuring flask,
dissolved in 25 ml of 96% ethyl alcohol by heating in a
boiling water bath and the volume of the solution was
adjusted by the same solvent (sample solution A,). The
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aliquot of 2 ml of the sample solution A, was placed in
a 25 ml capacity measuring flask, 2 ml of 3% ethanolic
solutions of aluminum (IIl) chloride was added, and the
volume of the solution was adjusted by 96% ethanolic
solutions (sample solution B,). The reference solution
was prepared in the following way: 2 ml of the sample
solution A, was placed in a 25 ml capacity measuring
flask and the volume of the solution was adjusted by
96% ethanolic solutions.

Methods of qualitative analysis of P. rubrinervis
Hort. Alb. buds preparations by thin-layer
chromatography and UV spectrophotometry.

To study dry extracts from P. rubrinervis Hort. Alb.
buds in the phytochemical analysis, the thin-layer
chromatography method was used.

The chromatographic plates used in the study were
types «Sorbfil-PTSH-AF-A-UV» and «Sorbfil-PTSH-P-A-UV».
The plates were placed in a thermostat at 100-105°C
before chromatographic analysis. The solvent system
tested in the study was chloroform —96% ethanol (19:1).

The extraction samples were applied with a capillary
to the start line and then the plate was immersed in a
chromatography chamber pre-saturated with the vapors
of the solvent system for 24 h. Chromatography was
carried out in an ascending technique. The analysis was
considered complete when the solvent front reached
7-8 cm.

After the removal from the system, the plates were
dried and evaluated visually in daylight. Additionally, the
plates were viewed in the UV light at a wavelength of
254 and 366 nm, then treated with an alkaline solution
of diazobenzenesulfonic acid (DSA).

As physical and chemical methods, the method of
direct and differential spectrometry was used.

The analysis was performed on a spectrophotometer
“Specord 40” (Analytik Jena) at wavelengths in the
range of 190-600 nm in cuvettes with a layer thickness
of 10 mm. The results of the spectrophotometric
determination were processed using the program
“WinAspect Excel”.

Methodology of BACs pharmacologic study

and P. rubrinervis Hort. Alb. Buds preparations

The pharmacological study was conducted in
accordance with the plan of research works of Samara
State Medical University (Samara, Russia) on the
theme: “Chemical-pharmaceutical, biotechnological,
pharmacological and organizational and economic
research on the development, analysis and application
of pharmaceutical substances and drugs”, State
Registration No. AAAA-A19-119051490148-7, dated
14.05.2019. The study was approved by the Bioethics
Committee of Samara State Medical University
(Report No. 222 dated 07.04.2021).
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Figure 1 — Structural formulas of dominant buds flavonoids of pharmacopoeia species of Populus genus
Note: 1 — pinostrobin; 2 — pinocembrin.

l()' | 7(.}'.2;

A B C D
Figure 2 — Chromatogram analysis of extracts and meal from P. rubrinervis Hort. Alb. buds in chloroform:
ethanol (19:1) solvent system
Note: A —in daylight; B— UV detection in UV light at a wavelength of 366 nm; C — UV detection in UV light at a wavelength of 254 nm;
D — DSA treatment; 1 — dry extract No. 1 of P. rubrinervis Hort. Alb. buds; 2 — dry extract No. 2 of P. rubrinervis Hort. Alb. buds; 3 — pinostrobin;
4 — meal (ethanol 96%); 5 — meal (ethanol 70%); 6 — meal (ethanol 40%).
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Figure 3 — Electronic spectra of P. rubrinervis Hort. Alb. Figure 4 — Differential spectrum of P. rubrinervis Hort.

buds chloroform extract (extract No. 1) Alb. buds chloroform extract (extract No. 1)
Note (here and for Fig. 5): 1 — electronic spectrum of the extract;
2 — electronic spectrum of the extract in the presence
of aluminum (lll) chloride.
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Figure 5 — Electronic spectra of 70% alcohol extract Figure 6 — Differential spectrum of 70% alcohol extract
of P. rubrinervis Hort. Alb. buds (extract No. 2) of P. rubrinervis Hort. Alb. buds (extract No. 2)

Table 1 - Effect of intragastric injection of SS pinostrobin at a dose of 1 mg/kg and dry extracts
of P. rubrinervis Hort. Alb. buds No. 1 and No. 2 at a dose of 10 mg/kg on excretory function
of intact rats’ kidneys of (Mtm, n=10)

Experiment No. 1:  Experiment No. 2: Experiment No. 3:
Time, h Indicators Control SS of pinostrobin,  Extract No. 1 Extract No. 2
1 mg/kg (chloroform), 10 mg/kg  (70% ethanol), 10 mg/kg
Diuresis, ml 1.72+0.11 1.97+0.03* 1.82+0.02 2.0740.04*
Diuresis, % 100 115 106 120
Reliability - p=0.047 p=0.698 p=0.011
4 Creatinine excretion, mg 0.10+0.02 0.13+0.01 0.14+0.01 0.19+0.03*
Creatinine excretion, % 100 130 140 190
Reliability - p=0.341 p=0.249 p=0.038
Diuresis, ml 2.58+0.10 2.52+0.25 2.38+0.39 3.02+0.11*
Diuresis, % 100 98 92 117
24 Reliability - p=0.844 p=0.629 p=0.011
Creatinine excretion, mg 1.50+0.29 2.39+0.15 * 2.31+0.42 2.79+0.51*
Creatinine excretion, % 100 159 147 186
Reliability - p=0.019 p=0.229 p=0.047

Note: here and further * — p <0.05 — reliability of differences between the data of the experimental group and the control group.

Table 2 - Effect of intragastric injection of comparative drug furosemide at a threshold dose of 1 mg/kg
on intact rats’ renal excretory function of (Mim, n=10)

Time, h Indicators Control T
1 mg/kg

4 Diuresis, ml 1.97+0.13 3.81+0.22*
Diuresis, % 100 193
Reliability - p=0.001
Creatinine excretion, mg 0.07+0.01 0.0940.02
Creatinine excretion, % 100 129
Reliability - p=0.361

24 Diuresis, ml 2.98+0.22 5.42+0.34*
Diuresis, % 100 182
Reliability - p=0.001
Creatinine excretion, mg 1.19+0.11 1.58+0.13
Creatinine excretion, % 100 133
Reliability - p=0.052

Note: here and further * — p <0.05 — reliability of differences between the data of the experimental group and the control group
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The diuretic activity was studied on 60 white
outbred rats of both sexes weighing 200-220 g in chronic
experiments with aqueous diuresis. The animals were
obtained from the vivarium at the Research Institute
of Biotechnology “BioTech”, Samara State Medical
University of the Ministry of Health of Russia (Samara,
Russia). The rats were kept in cages of 4 individuals of the
same sex in the vivarium conditions on the standard food
ration and with a free access to water. Four experimental
and two control groups of animals participated in the
experiment. The distribution of animals into groups
was performed by drawing lots. Each group consisted of
ten animals (n=10). Control and experimental animals
received an intragastric 3% water load using a special
probe. The experimental animals were additionally
administered intragastrically with dried extracts of
P. rubrinervis Hort. Alb. buds No. 1 and No. 2 at a dose of
10 mg/kg, SS pinostrobin at a dose of 1 mg/kg. Classical
diuretics — furosemide at a threshold dose of 1 mg/kg
(4 h experiments) and hypothiazide at an effective mean
therapeutic dose of 20 mg/kg (24 h experiments) were
taken as drugs. After all manipulations, the animals were
placed in exchange cages for a urine collection with an
access to food and water. After 4 and 24 h, the obtained
urine portions were collected. Their volume (diuresis)
was determined and creatininuresis was recorded by
a calorimetry method on KFK-3 (Zagorsky Optical and
Mechanical Plant, Russia).

Statistical processing

In accordance with the general recommendations
for the preclinical study of drugs, a comprehensive
statistical processing of the data obtained from the
pharmacological experiments was carried out using
adequate methods of the statistical analysis, the
required volume of statistical samples, in the presence
of reference drugs. The statistical processing of the
results obtained was carried out using the Statistica
10.0 program using the Mann—Whitney test with
Bonferroni and  Kruskal-Wallis  correction. The
nonparametric test was chosen because the sample
was small, and the distribution in the sample was non-
normal (Shapiro-Wilk W test; if p <0.05, the analyzed
distribution was considered to be different from normal).
The significance level was accepted at p <0.05.

RESULTS AND DISCUSSION

The obtained dry extracts based on the buds of
the P. rubrinervis Hort. Alb. were in the form of dry
powder of golden yellow (extract No. 1) and brick red
(extract No. 2) with a specific odor.

The analysis of chromatographic profiles of dry
extracts from P. rubrinervis Hort. Alb. buds compared
with SS of pinostrobin in the solvent system chloroform:
ethanol (19:1) allowed us to reliably determine its
presence in the studied samples and to assume the
presence and dominance of phenolic compounds in
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the studied object. The TLC analysis of the obtained dry
extracts allowed us to arrive at the conclusion about the
separation of the initial amount of substances (Fig. 2).

The dominant phenolic complexes of a lipophilic
nature with pinostrobin were isolated into extract No. 1
obtained on chloroform. In the hydrophilic extract
(extract No. 2), phenolic substances of a glycosidic
nature prevail. Specifically, catechins and a number of
other phenolic compounds not identified at this stage
(Fig. 2B and 2D).

After a double extraction, the chromatographic
profiles of the aqueous-alcohol extractions from the
raw meal on alcohols of different concentrations
(40, 70, 96% ethyl alcohol) showed a maximally
depleted composition (Fig. 2).

Thus, using different types of extraction and
solvents of a different polarity, it was possible to
separate the initial amount of metabolites into lipophilic
and hydrophilic complexes. Two dry extracts based on
the P. rubrinervis Hort. Alb. buds differing in chemical
composition, were received. It should be noted that
the dominant component of pharmacopoeial poplar
buds, pinostrobin, is localized in the first lipophilic
(hydrophobic) extract.

The dry extracts were further studied by
spectrophotometry. Based on the known previously
developed methods for the analysis of pharmacopoeial
poplar species buds [1, 2, 4], the direct spectra
of P. rubrinervis Hort. Alb. buds extracts were analyzed
(Fig. 3 and 4).

The analysis of spectral curves showed that
extract No. 1 is characterized by the presence of one
pronounced maximum in the spectral curve in the
area of 28812 nm and a small “shoulder” in the area
of 32042 nm, which coincides with the absorption
maximum of the extracts from the pharmacopoeia
poplars buds (28942 nm) (Fig. 3). Such coincidence can
be explained by the presence of the main dominant
flavonoids of the buds of pharmacopoeial poplar species,
particularly pinostrobin, the content of which had been
proven by TLC before.

The differential absorption curve has two expressed
analytical maxima: 30812 nm, characteristic for the
phenylpropanoids, and 400+2 nm, characteristic for the
amount of flavonoid substances, indicating the presence
of these groups of substances in the composition
of P. rubrinervis Hort. Alb. buds, as in pharmacopoeial
species (Fig. 4).

Despite the different polarity of the extractants, the
spectral characteristics of hydrophilic extract No. 2 have
significant similarities with extract No. 1 obtained using
chloroform (Fig. 5 and 6).

Based on the data of chromatographic studies
of the extracts (Fig. 2), it can be assumed that the
characteristics of the spectra of the compared extracts
are largely determined by the presence of simple
phenolic compounds that differ in polarity due to
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the presence or absence of glycosidic bonds. For a
more accurate separation in the future, the study and
isolation of biologically active substances from the buds
of P. rubrinervis Hort. Alb. by column chromatography is
planned to be carried out.

The samples of the dry extracts of P. rubrinervis
Hort. Alb. buds No. 1 and No. 2 and SS pinostrobin were
used to study the excretory function of the kidneys in
preclinical studies on white mongrel laboratory rats at a
dose of 10 mg/kg for the extracts and 1 mg/kg for the SS
pinostrobin (Table 1).

When studying the effect of SS pinostrobin on the
excretory function of the kidneys it was revealed that in
a 4-hour chronic experiment with a single intragastric
injection of BAC at a dose of 1 mg/kg against the
background of a 3% water load, there was a significant
isolated increase in diuresis (by 15%). There was also a
significant isolated reliable increase in creatininuresis
(by 59%) during 24 h of the experiment (Table 1).

Consequently, SS pinostrobin at a dose of 1 mg/kg
against the background of a 3% water load caused an
accelerated diuretic response mainly due to an increase
in the tubular reabsorption of water, as evidenced by the
increase in diuresis in the first 4 h of the experiment,
as well as by a delayed increase in glomerular filtration,
which was confirmed by an increase in creatininuresis
over 24 h.

At the same time, when analyzing the effect of dry
extract No. 2 (70% ethanol) of P. rubrinervis Hort. Alb.
buds it was found that in a 4-hour chronic experiment
at a single intragastric injection of the dry extract at
a dose of 10 mg/kg against the background of a 3%
water load in the animals of the experimental group
relative to the indicators of a water control, there was a
significant increase in diuresis (by 20%) and a significant
increase in creatininuresis (by 90%); at the same time,
for 24 hours of the experiment there was a significant
increase in diuresis (by 17%) and a significant increase in
creatininuresis (by 86%).

Thus, dry extract No. 2 of P rubrinervis Hort.
Alb. buds (ethanol) at a dose of 10 mg/kg in the 4-h
and daily experiments induced an accelerated and
prolonged diuretic response, both by increasing a
tubular reabsorption of water (an increase in the renal
excretion of water) and by increasing a tubular filtration
(an increase in the renal excretion of creatinine).

However, when studying the effect of dry extract
No. 1 of P. rubrinervis Hort. Alb. buds (chloroform) on
the excretory function of kidneys in 4 and 24-hour
chronic experiments at a single intragastric injection at
a dose of 10 mg/kg against a background of a 3% water
load in the animals of the experimental group relative
to the indicators of the water control, no significant
differences were found.

Presumably, this is due to the fact that this extractant
contributed to the release of associated lipophilic
compounds from the medicinal plant raw materials,
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which did not have a proper stimulating effect on the
tubular and tubule apparatus of the kidneys.

In its turn, the comparative drug furosemide at
a threshold dose of 1 mg/kg in a 4-hour experiment
against the background of a 3% water load significantly
increased diuresis (by 93%) in the experimental group of
animals relative to the water control (Table 2).

It follows that SS pinostrobin and dry extract
No. 2 moderately stimulated the renal excretion of
water, significantly inferior to the comparative drug
furosemide (causing maximal diuresis). It is noteworthy
that SS pinostrobin and dry extract No. 2 have the
ability to stimulate the tubular filtration, in contrast to
furosemide, which has an exclusively tubular mechanism
of a diuretic action. Based on all of the above, these
drugs are promising in terms of the development of
drugs with nephroprotective properties.

CONCLUSION

The presence of a promising understudied
representative of the genus Poplar (Populus L.) —
P. rubrinervis Hort. Alb., favorably differing from
pharmacopoeial species of poplars by a much larger
phytomass of buds, has been revealed. The literature
review has also made it possible to confirm the existing
significant habitat of this representative in the Samara
region, which indicates the prospect of harvesting this
type of raw materials.

The extraction separation of the amount of
P. rubrinervis Hort. Alb. buds substances by polarity
has been conducted using technological methods — a
circulation extraction and percolation.

The presence of pinostrobin as the main flavonoid
of pharmacopoeial poplar species was proven
chromatographically in the chloroform extract of
P. rubrinervis Hort. Alb. buds and its absence in the
alcoholic extract. The similarity of spectral absorption
curves of lipophilic and hydrophilic amounts of phenolic
compounds of P. rubrinervis Hort. Alb. buds extracts of
various polarities has been revealed, i.e., the presence
of a pronounced absorption maximum at 289 nm2 nm
and a “shoulder” at 320+2 nm.

At a single intragastric injection of the BAC
pinostrobin at a dose of 1 mg/kg against the background
a 3% water load in the animals of the experimental
group against the indicators of the water control, an
isolated increase in diuresis was observed for 4 hours of
the experiment, at the same time, for 24 hours of the
experiment there was an increase in creatininuresis.

Consequently, pinostrobin at a dose of
1 mg/kg caused an accelerated diuretic response,
inferior to the comparative drug furosemide at a
threshold dose of 1 mg/kg. The SS Pinostrobin at the
indicated dose exhibited a delayed -creatininuretic
response, which compares it favorably with comparative
drugs.

At the same time, at a single intragastric injection of
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dried extract of P. rubrinervis Hort. Alb. buds No. 2 on 70%
ethanol at a dose of 10 mg/kg against the background of
a 3% water load in the animals of the experimental group
against the indicators of a water control, a moderate
reliable increase in diuresis and a significant increase
in creatininuresis for 4 and 24 hours of the experiment
was observed due to an increase in glomerular filtration.
The action of the study drug is inferior in the strength of
diuresis to furosemide at a threshold dose of 1 mg/kg
(4 h experience) and hypothiazide at an effective

threshold dose of 20 mg/kg (a 24 h experience), but
superior to comparative drugs in stimulation of the
glomerular filtration, contributing to the increase
in creatininuresis. When studying the effect of
P. rubrinervis Hort. Alb. buds dry extract on chloroform
No. 1 on the excretory function of the kidneys for 4 and
24 h, no differences between the experimental group
and the control have been found, therefore, further
studies of the dose-dependent effect of this preparation
are required.
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