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The determination of the phytochemical composition
of the Altabor substance

The development of medicines based on alder cone extracts led to the introduction of Altan and Altabor
medicines into medical practice. The technology of extraction cake from cones has made it possible to obtain
extracts with different therapeutic properties.

Aim. To develop an effective method for studying the qualitative composition of the Altabor substance and
determine the quantitative content of its components.

Results and discussion. The Altabor substance is a complex mixture of ellagitannins containing more than
70 components. The main components of the extract (or their isomers) were determined by mass spectrometry
and by comparing the retention times with the literature data. Gallic, ellagic, valoneic acids dilactone were conclu-
sively determined by adding reference standards of these acids to the extract. The substance contains the following
compounds: 2,3-hexahydroxydiphenoyl-(a/B)-glucose t , = 0.55 min, t , = 0.89 min (a and {8 isomers), 4,6-O-[(S)-
valeonyl]-D-glucose (isomer) t. = 0.64 min, gallic acid t = 1.198 min, pedunculagin t = 3.63 min, t,=4.62min
(aand B isomers), proecoxin A (isomer) t. = 4.78 min, valoneic acid dilactone t = 6,19 min, ellagic acid pentoside
(isomer) t = 7.07 min, ellagic acid t = 7.335 min.

Experimental part. The composition analysis was performed using an Agilent 1200 chromatograph with
a UV detector, a G6140 mass detector, an Alltech 3300 light scattering detector (ELSD), as well as the Agilent
ChemStation Rev.B.04.03 software. The molecular weights of the compounds in the extract were determined
using the method of mass spectrometry of ESl-electrospray ionization. The determination of the components
was performed using an ultraviolet detector at a wavelength of 280 nm. The column was Rapid Resolution
HT Cartige, 4.6 x 30 mm, 1.8 ym, Zorbax SB-C18.

Conclusions. A new effective method of analysis of the Altabor substance has been developed; it allows
determining the qualitative and quantitative content of its structural components. The method gives the possibility
to control the process of obtaining the Altabor substance, study the dependence of its composition on the condi-
tions of its obtaining, batch number, place, time of the natural raw material collection, and study the composition
of other pharmaceutical substances, the plant raw material containing tannins. The advantage of the method is
the short time (up to 10 min) of analysis using high-performance liquid chromatography at high resolution.

Key words: gallotannins; ellagitannins; Altabor; chemical composition; structure; HPLC (high-performance
liquid chromatography)

C. 10. Wenko', A. C. lUanaman?
" lHcmumym 6ioopaaHiyHoI Ximil ma Hagbmoximii imeri B. 1. Kyxaps HAH YkpaiHu, YkpaiHa
2[1AT HBL] «Bopuwaeiecbkuti X®3», YkpaiHa

BusHaveHHs cpiToximiuHoro cknagy cybcraHuii Ansrabop

Po3pobka nikapcbkunx 3acobiB Ha OCHOBI €KCTPaKTIB CynniAb BiNbXu BepLue 3aBepLunnach BNpoBagXeHHAM
y MeauyHy npakTuky npenapartis AnbtaH Ta Anstabop. OcobnmMBOCTi TEXHOMOTIT eKCTparyBaHHs! MiAroToBNEHOr0
LWPOTY CynIiab JO3BOMWIIO OTPUMYBATU EKCTPAKTK 3 Pi3HMMU TepaneBTUYHUMU BITACTUBOCTSIMU.

MeTa. Po3pobutn eekTnBHUIA METOS BUBHEHHS sIKICHOTO cknagy cybctaHuii Anbtabop i3 BU3HaYEHHAM
KifTbKICHOrO BMICTY KOMMOHEHTIB.

Pe3synkraTti Ta ix obroBopeHHsi. Cyb6etaHuia Anstabop cTaHOBUTE COBOK CknaHy 6GaraTOKOMMNOHEHTHY CyMilLl
enaroTaHiHiB, Lo MiCTUTb GinbLue 70 KoMNoHeHTIB. OCHOBHI KOMMOHEHTW EKCTPaKTY BU3HA4YeHO 3a LOMNOMOro Mac-
CMEKTPOMETPIi, @ TAKOX LUMSAXOM MOPIBHSAHHS YaciB YTPYMyBaHHS 3 fiTepaTtypHUMU AaHumun. [anosy, enarosy,
BaSIOHOBY KMCIOTU BU3HAYEHO OCTATOYHO LUMISIXOM AO[aBaHHS B EKCTPAKT CTaHAapTiB Lyx kucnot. [lo oro cknagy
BXOAATb ideHTUiKoBaHi crnonyku: 2,3-rekcariapokcuaundeHoin-(a/)-rnokosa t, = 0,55 xs, t, = 0,89 xB (a Ta
B isomepw), 4,6-O-[(S)-BaneoHin]-D-rniokosa (isomep) t = 0,64 x8, ranosa kucnorta t = 1,198 xB, neayHkynarid
t,=3,63xs, t, =4,62 xB (a Ta B isomepu), NpaekokciH A (isomep) t. = 4,78 XB, ANNAKTOH BaNOHOBOI KACIOTH
t = 6,19 x8, neHTo3Myg enarosoi k1cnotu (isomep) t. = 7,07 xB, enarosa kucnorat = 7,335 xB.

ExkcnepumeHTanbHa YacTuMHa. AHani3 cknagy npoBoaunv 3a A0NOMOro Agi[ent 1200 xpomatorpadpa 3 YP-
netekTtopom, mac-getektopom G6140 Ta getektopom caitnopo3scitoBaHHsi (ELSD) Alltech 3300. MporpamHe 3abesne-
yeHHs Agilent ChemStation Rev.B.04.03. MonekynspHi Macu cnonyk, siki BXOAATb A0 CKragy eKCTPakTy, BU3Haye-
HO 3a JOMOMOroK MeTOoAY Mac-CNeKTPOMETPIi ioHi3aLielo po3nuneHHaM B enekTpuyHoMy noni (ESI-electrospray
ionization). BusHa4yeHHA KOMMNOHEHTIB NPOBOAMIIN i3 3aCTOCYBaHHAM yNbTPadioneToBoro AeTekTopa 3a A0BXK-
Hu xBuni A 280 Hm. KonoHka: Rapid Resolution HT Cartige 4,6 x 30 mm, 1,8 mkm, Zorbax SB-C18.

BucHoBku. Po3pobneHo HoBUI ehbekTBHMI MeToq aHanidy dapmcyocTaHuii Anstabop, sk o3Bonsie
BMBYATK 11 AKICHUI CKNag Ta BU3HAYaTy KiNbKiCHUA BMICT KOMNOHEHTIB. MeToa [03BOMSIE KOHTPOMOBATK NpoLec
BMPOGHULTBaA cyOcTaHLUii AnbTabop, BUBYATU 3aNeXHICTb il CKnaay Bid yMOB OTPMMaHHS, HoMepy napTii, Micus,
Yyacy 360py NPUPOAHOI CUPOBUHW, BUBYATU CKNaA iHWINX dpapMcyBCTaHLin, NPUPOAHOT CUPOBUHW, LLO MICTUTbL Ta-
HiHW. MNepeBara meToay — kopoTkuiA Yac (fo 10 XBUNMH) NpoBeAEHHSA aHani3y 3a AOMNOMOroK BUCOKOE(EKTUBHOT
pianHHOI Xxpomatorpadii 3a BUCOKOI po3ainbHOi 34aTHOCTI.

Knroyoei crioea: ranoTaHiHu; enarotaHiiu; Anstabop; XiMibHWIA cknag,; CTpyKTypa;

BEPX (BucokoedekTrBHa pignHHa xpomarorpadis)
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European alder (Alnus glutinosa) and grey alder
(Alnus incana) are found almost on the whole terri-
tory of Ukraine, especially on the forest lowland wet-
lands and floodplains of many small and large rivers
and firstly in the Polissia area [1].

Since ancient times, the interest of folk medicine
to this plant has been associated with the healing pro-
perties of its bark and cones. The high content of tan-
nins, namely gallo- and ellagitannins, reveals the thera-
peutic effect of tinctures and decoctions from the parts
of this plant [2].

The development of medicines based on alder cone
extracts has led to the introduction of such medici-
nes as Altan and Altabor into medical practice. The tech-
nology of extraction cake from cones has made it pos-
sible to obtain extracts with different therapeutic pro-
perties [3, 4].

Thus, the use of 75% aqueous ethanol under the con-
ditions of filtration extraction of European alder (Alnus
glutinosa) infructescence and grey alder (Alnus incana)
allows obtaining a dry extract for the preparation of
Altan medicine prescribed for diseases of the diges-
tive tract of different localization - for the complex
treatment of gastric ulcers and various sections of
the stomach and small and large intestine, as well
as infections of the digestive tract [5-9]. The hepato-
protective effect of Altan medicine in the case of acute
and chronic liver lesions is quite pronounced and ma-
nifests itself even when using the drug in low doses [10].
The drug tablet contains 10 mg of the Altan extract cal-
culated with reference to dried substance, and the
content of ellagitannins amounts to 60% in it.

Altabor medicine is produced on the basis of
the aqueous extract of European alder (Alnus glutinosa).
The active ingredients of the dry extract - gallo- and
ellagitannins in the composition of the drug have
a marked antiviral effect against influenza viruses and
herpes. This drug, which tablet contains 20 mg of
the dry extract, is used in the treatment of influenza,
acute respiratory viral infections, and for the preven-
tion of these diseases [3, 4, 11].

The active agents of both substances of the dry
extract of the European alder infructescence exhibit
a pronounced antioxidant, anti-inflammatory and mem-
brane-stabilizing action, which complements their
pharmacological effects [3, 4].

The technological processes of obtaining these dry
extracts in the production of both drugs may alter
their true phytochemical composition, and this may
be due to their ability to easily hydrolyze gallo- and
ellagitannins, constituents of alder cones (Fructus Alni).

In connection with this, we should further study
the natural phytochemical composition of biologically
active substances of European alder, in particular tan-
nins, which, in fact, has not been studied with some

exceptions [12]. It is also important to examine the sub-
stance from the alder raw material - Altabor since its
constant composition of active ingredients, namely
tannins, will enable to achieve a guaranteed perma-
nent pharmacological effect of drugs from this sub-
stance. The paper [12] presents the isolation of three
substances - tannins in the extract from cones by four
preparative HPLC methods. The substances were ob-
tained in very small amounts of 1-8 mg. The quali-
tative HPLC chromatograms of alder cone extracts,
which would determine their component composi-
tion, are not described in the literature. Moreover, in
Ukraine, the studies to determine the phytochemical
composition of the natural raw material containing
hydrolyzable tannins, as well as pharmaceuticals ma-
nufactured based on this raw material, have not been
carried out at all. Only the total tannin content was
determined. Altabor and Altan have been manufac-
tured since 1990s by the P]JSC SIC “Borshchahivskiy
CPP”. The company previously made attempts to ob-
tain high-quality HPLC chromatograms, which would
allow studying the qualitative composition of these
substances, as well as the raw material, and deter-
mine the quantitative content of components, but all
of them were unsuccessful [13]. The phytochemical
composition of the Altabor substance is unknown.
To date, the quality of the Altabor substance is deter-
mined by measuring the total amount of tannins by
spectrophotometry. The raw material, i.e. the alder co-
nes, has been studied similarly. It is important to find
the phytochemical composition of the raw material
since its composition can be influenced by such fac-
tors as soil properties, the time of the raw material
collection, climatic and other conditions under which
alder grows [14]. This can affect the manufacturing
process. To separate a mixture containing more than
70 substances with the similar chromatographic pro-
perties is a complicated task [15]. Therefore, the re-
sults presented in this paper are important.

Thus, the aim of this work was to develop an ef-
fective method for studying the qualitative composi-
tion of the Altabor substance and determine the quan-
titative content of its components.

To determine the composition, the crushed sam-
ple of the Altabor substance (batch No.301217) was
extracted with methyl alcohol. As a method of analy-
sis of the extract obtained the method of high-perfor-
mance liquid chromatography using an Agilent 1200
chromatograph was proposed.

The extract is a complex multicomponent mixture
of tannins with very similar chromatographic proper-
ties, which is difficult to separate. In order to select
the conditions for successful separation of the extrac-
ted ellagitannins, a suitable chromatographic column
and solvent systems for elution, as shown in the ex-
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perimental part, were selected. On the way to achieve
the desired result, namely the creation of the HPLC
method that would allow determining the Altabor sub-
stance composition, a number of isocratic solvent
systems were tested, for example: H,0:CH,CN in the ra-
tio of 90:10; H,0:CH,CN:THF:HCOOH in the ratio of
70:5:25:0.2; H,0:CH,CN:THF:HCOOH in the ratio of
90:5:5:0.2; 0.1N H3P04:O.1N KH2P04:CH3CN in the ra-
tio 0f 42.5:42.5:15; H,0:CH,CN:THF:HCOOH in the ra-
tio of 80:5:15:0.2, as well as gradient systems, for
example: H,0:CH,CN with various linear gradients -
0-30; 0-50; 0-100 and others. However, the systems
presented in the article turned out to be much better.
For the analysis of such polar substances as tan-
nins it is better to use the chromatographic columns
filled with C18 modified silica gel. One should choose
the smallest size of particles among available - 1.8 um.
Resolution decreases when 5 pm columns are used.
According to the results of the chromatographic
and mass spectrometric studies the Altabor substan-
ce is a complex mixture of ellagitannins containing more
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than 70 components (see chromatogram, Fig. 1). The main
components of the substance (or their isomers) were
determined by mass spectrometry and by comparing
the retention times with the literature data [16-18].
Gallic (3), ellagic (8), valoneic acid dilactone (6) were
conclusively determined by adding reference stan-
dards to the substance. The reference standard of valo-
neic acid dilactone with a purity of more than 98% was
obtained by the method described in the experimen-
tal part. Its *"H NMR spectrum and HPLC are shown in
Fig. 14, 15. To determine gallic and ellagic acids, com-
mercially available Sigma-Aldrich samples were used.
The HPLC-MS experiments revealed that the Alta-
bor substance contains the following compounds
(Fig. 1, 2): 2,3-hexahydroxydiphenoyl-(a/f)-gluco-
se (1),t,=0.55min, t,=0.89 min («x and  isomers)
(Fig. 3); 4,6-0-[(S)-valeonyl]-D-glucose (an isomer) (2),
t = 0.64 min (Fig. 4); gallic acid (3), t = 1.198 min;
pedunculagin (4),t  =3.63 min,t_, =4.62 min (a and
B isomers) (Fig. 5)?; praecoxin A (5) (an isomer),
t =4.78 min (Fig. 6); valoneic acid dilactone (6),
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Fig. 1. The chromatogram of the Altabor substance (Batch No. 301217). Methanol Extract. System I. (A) 0.1% HCOOH (aqueous solution),
(B) CH,CN. 0-1.5 min, 100% A (isocratic mode); 1.5—7.5 min, 0-20% B in A (linear gradient); flow-rate — 1 mL/min, 280 nm

2Mass spectra of the compounds with t =3.63 min and 4.62 min are the same. The areas of two peaks with t = 3.63 min and t, = 4.62 min
are almost identical. Having compared the retention times with the literature data we can conclude that two peaks on the chromatogram
probably belong to the same substance — a and B pedunculagine isomers (4).

18



ISSN 2518-1548 (Online) XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2021. — T. 19, sun. 1 (73) ISSN 2308-8303 (Print)

OH OH

O HO HO O 0

HO% COLH HO o

0] ° HO 0 0 o) OH
y 0

HO

0

0

oo L o :

0

HO OH
: ® H Bl

HO OHHO © HO o Ho oH ™

OH HO OHHO OH
2,3-HHDP-glucose (1) 4,6-Valoneoylglucose (2) Pedunculagin (4)
0]
OH
H OHHO,C
OH o O 2
HO COzH HO Q O @) OH
HOZC OH O 2
o HO HO O HO  OH
HO O o}
O 0 Gallic acid (3) Valoneic acid dilactone (6)

(0)

0
0
P o ~oH o OH
o=l ©
HO OH HO
Oada
HO O
o

HO OHHO OH

HO
HO O
HO o
OH
HO

R = xylose

Praecoxin A (5) Ellagic acid (8) Ellagic acid 4-O-xyloside (7)

Fig. 2. The main components of the Altabor substance
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Fig. 3. The negative ion mass spectrum of the compound 1
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Fig. 4. The negative ion mass spectrum of the compound 2
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Fig. 5. The negative ion mass spectrum of the compound 4
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Fig. 6. The negative ion mass spectrum of the compound 5
4331

2 434.1

* T T T * T
m/z A00 00 700 AOn ann

Fig. 7. The negative ion mass spectrum of the compound 7
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Fig. 8. The chromatogram of the Altabor substance fraction 1
(Diaion HP-20, pure water) (system I)

t = 6.19 min; ellagic acid pentoside (most probably
xyloside, an isomer) (7), t_ = 7.07 min (Fig. 7); ella-
gic acid (8), t. = 7.335 min. The Altabor extract also
contains a mixture of hexoses and possibly pentoses,
which are not fixed by the UV detector and are not re-
tained by the C-18 column phase. These compounds
can be detected on a light scattering detector at the be-
ginning of the chromatograms with t = 0.3 min in
the form of a mixture.

The Altabor substance was additionally fraction-
ated by column chromatography with a Diaion HP-20
sorbent. While fractioning the starting substance gave
fractions containing much less number of compounds
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Fig. 10. The chromatogram of the Altabor substance fraction 3
(Diaion HP-20, 20% EtOH) (system I)
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Fig. 9. The chromatogram of the Altabor substance fraction 2
(Diaion HP-20, 10% EtOH) (system I)

than the raw material. Thus, it is easier to analyze such
mixtures. It becomes possible to obtain the minor com-
pounds characteristics, which small peaks are hidden
by other peaks on the raw material chromatogram.
Moreover, re-determination of the molecular masses
in fractions is an additional proof of the presence of
the compounds previously found.

As an eluent the aqueous solution of ethyl alcohol
of different concentrations was used. The concentra-
tion of ethyl alcohol was increased stepwise. As the re-
sult 5 fractions were obtained. The fraction analysis
was performed by HPLC, in particular fraction 1 was
obtained by elution of the Altabor substance with water
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Fig. 11. The chromatogram of the Altabor substance fraction 4
(Diaion HP-20, 40% EtOH) (system I)
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Fig. 12. The chromatogram of the Altabor substance fraction 5
(Diaion HP-20, 96 % EtOH) (system I)

(Fig. 8), fractions 2, 3, 4, 5 by elution with 10%, 20%,
40% and 96% ethyl alcohol, respectively (Fig. 9-12).

The order of the substance release (ellagitannins
from the column filled with Diaion HP-20) was simi-
lar to the order of the substance release from the HPLC
column filled with a sorbent - C18 modified silica gel.
The main components of the fraction 1 (Fig. 8) were 2,3-
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Fig. 13. HPLC repeated chromatographic (Diaion HP-20, 20 %
EtOH) (system |) separation of fraction 3 (elution with 20% EtOH)

hexahydroxydiphenoyl-(a/B)-glucose (1),t , = 0.63 min,
t,=1.08 min (aand B isomers), 4,6-0-[(S)-valeonyl]-
D-glucose (2) (an isomer), t = 0.76 min, gallic acid
(3), t. = 1.46 min; the fractions 2 and 3 (Fig. 9 and
Fig. 10, respectively) - pedunculagin (4), t , = 3.84 min,
t, = 4.81 min (aand B isomers), praecoxin A (5),
t =4.96 min; fractions 4 and 5 - ellagic acid (8) and
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Fig. 14. '"H NMR spectrum of valoneic acid dilactone in DMSO-dj

PPM
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Fig. 15. HPLC of the valoneic acid dilactone reference standard

valoneic acid dilactone (9), ellagitannins with mo-
lecular weights of 934 Da and 936 Da.

The main components of the purified fraction 3
of tannins were pedunculagin (4) and praecoxin A
(anisomer) (5) (Fig. 13). The resulting concentrate is
promising for further isolation of these compounds
required as standards for the study of their quanti-
tative content in the Altabor substance.

A preparative method for valoneic acid dilactone
isolation from the Altabor substance hydrolyzed in
acidic conditions was also developed. It can be used
to obtain a reference standard of this compound.
The 'H NMR spectrum of the valoneic acid dilactone
isolated and its HPLC are shown in Fig. 14 and 15,
respectively.

Experimental part

Equipment

The composition analysis was performed using
an Agilent 1200 chromatograph with a UV detector,
a G6140 mass detector, an Alltech 3300 light scattering
detector (ELSD), as well as the Agilent ChemStation
Rev.B.04.03 software.

The molecular weights of the compounds in the extract
were determined using the method of mass spectro-

22

metry of ESI-electrospray ionization - a gentle ioni-
zation method that allowed obtaining molecular ion
peaks of complex ellagitannin molecules without de-
stroying them. Formic or trifluoroacetic acid should
be used to ionize the molecules in the extract, as their
use improves the resolution. One can also use ammo-
nium acetate or ammonium formate.

The determination of the components was per-
formed using an ultraviolet detector at a wavelength
of 280 nm.

The column was Rapid Resolution HT Cartige,
4.6 x 30 mm, 1.8 um, Zorbax SB-C18.

'H NMR spectrum was taken with a Varian VNMRS
400 MHz spectrometer, using TMS as an internal stan-
dard in DMSO-d, solution.

Mobile phase systems

System I: (A) 0.1% HCOOH (aqueous solution), (B)
CH,CN. 0-1.5 min, 100% A (isocratic mode); 1.5-7.5 min,
0-20% B in A (linear gradient); flow-rate - 1 mL/min.

System II: (A) 0.05% CF,COOH (aqueous solu-
tion), (B) CH,CN. 0-1.5 min, 100% A (isocratic mode);
1.5-7.5 min 0-20% B in A (linear gradient); flow-
rate - 1 mL/min.

System III: (A) 0.1% HCOOH, (B) CH,CN. 0-1.5 min,
100% A (isocratic) 1.5-3 min, 0-5% B in A (linear
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gradient); 3-4.5 min, 5% B (isocratic); 4.5-9 min,
5-20% B in A (linear gradient); flow-rate - 1 mL/min.

System IV: (A) 0.1% HCOOH (aqueous solution),
(B) CH,CN. 0-3 min, 100% A (isocratic); 1.5-7.5 min,
0-20% B in A (linear gradient); flow-rate - 1 mL/min.

Preparation of the methanol extract of the Alta-
bor substance. The sample of of the Altabor substance
(6.0 g) was mixed with 120 mL of methyl alcohol for
3 h. The dark solution was filtered, and the solvent
was evaporated in vacuum at a temperature below
40°C. A dark solid product was obtained. The yield
was 4.2 g.

Fractionation of the Altabor substance with
Diaion HP-20 sorbent. A column: inner diameter
d = 1.5 cm, total volume v = 70 mL, the height of the sor-
bent column h = 25.5 cm, weight of the resin - 20 g.
The Altabor substance (700 mg) was dissolved in 1.5 mL
of distilled water with stirring. The solution was fil-
tered and applied to the top layer of the sorbent. Elution
of the column was carried out at a rate of 1.5 mL per
minute. The first elution was carried out with pure
water. Fraction 1 was collected in a volume of 110-120 mL.
Then elution by 10%, 20%, 40%, 96% ethyl alcohol
was successively carried out. Thus, fractions 2, 3, 4, 5
in volumes of 110-120 mL were collected. All frac-
tions were evaporated in vacuum at 20 mmHg on
a water bath with a temperature below 40°C.

Valoneic acid dilactone (reference standard).
The Altabor substance (2 g) was dissolved in the
ethyl alcohol-water mixture (1:2). Then 7 mL of the
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concentrated hydrochloric acid were added to the so-
lution, and it was refluxed for 4 h. After the resin was
separated, the solvents were evaporated. As the re-
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to control the process of obtaining the Altabor sub-
stance, study the dependence of its composition on
the conditions of its obtaining, batch number, place,
time of the natural raw material collection, and study
the composition of other pharmaceutical substances,
the plant raw material containing hydrolysable tan-
nins. The advantage of the method is the short time
(up to 10 min) of analysis using high-performance
liquid chromatography at high resolution.

Conflict of interests: the authors have no con-
flict of interests to declare.

1. Exodaopa Ykpainu; [linyx, 5. I1,, Pen.; @itocouionenTtp: Kuis, 2004; T. 2, 442-447.

3agopoxHbii, A. M.; Komkus, A. I; Cokosos, C. f.; llpeTep, A. U. CnpasouHuk no sekapcmeeHHbIM pacmeHusM; JlecHast IPOMBIIIIEHHOCTb:
MockBa, 1981.

3. Pubasnko, C. JI. BuBYeHHSsI aHTUBIpYCHOI aKTUBHOCTH NpenapaTty AsbTabop Ha eKcliepuMeHTaIbHiIM Mogeni iHdekuii, cnpuyrnHeHol BipycoM
renaTtuty C, B KylbTypi KJIITUH. BicHuk papmakosoeii ma papmayii 2010, 3, 29-36.

4. Tlomoga, O. 1. KniniyHa e$peKTUBHICTD a/JbTab0py B KOMILJIEKCHOMY JIiKyBaHHI reprneTuyHoi iHdeKIil nopoxXHUHU poTa. YkpaiHcbkull meduuHutl
anbmaHax 2013, 16 (1), 154-56.

5. slkoBneBa, JI. B.; EBnokimMoBa, O. C. AsibTaH - HOBUH Npenapar JJis JiKyBaHHSI BUPAa3KOBOi XBOPOGH LIIyHKOBO-KHIIKOBOIO TPaKTy. BicHuk
dapmayii 1993, 1-2,96-103.

6. Cep6uH, A.T; fAkoBaesa, JI. B,; XBopocr, O.I1.; naayx, E. B.; Komuccapenko, H. @.; Bonaaps, B. C.; BosioTos, B. B; lllanamaii, A. C. AnbTaH - HOBOe oTe-
yecTBeHHOE 3P PEKTUBHOE CPELICTBO PAHO3KUBIISIOLIET0, TPOTHBOBOCIAIUTEILHOI0, aHTUMUKPOOHOTO iedCcTBUs. [Iposusop 1998, 18, 40-41.

7. boiuyk, O.II. 3acTocyBanus ¢iTonpenapaTy “AnbTaH” B KOMILJIEKCHOMY JIIKyBaHHI XBOPUX Ha rocTpi KUIKOBI iHdek1il Ha Tu1i cynyTHBOI naTo-
siorii opraHiB TpaBieHHs. [aauybkuli aikapcokull sicHuk 2004, 11 (2), 20-21.

8. Hesropa, 1. I; Puxaso, H. A. (BiHHMIbKMH HaLioOHaJILHUHM MeJUYHUH yHiBepcuTeT iM. M. L. [luporosa). Cnoci6 ikyBaHHS TOCTPUX KULIIKOBUX
indexuii. [latenT Ykpainu 3317, 15.11.2004.

9. Pukano, H. A. EbexkTuBHicTb QiTonpenapaTy «AsbTaH» IPU eKCIIEPUMEHTAJbHOMY KJe06Ci€Nbo3i. EKcnepumeHmanbvHa i KAiHiuHa mMeduyuHa
2005, 2,41-44.

10. JlankoBchkwit, E. 1. 3acToCyBaHHS albTaHy i ULleTesy /s KopeKLii 6i0XiMiYHUX Ta IMyHOJIOTIYHUX TOKAa3HUKIB IPU XPOHIYHOMY HEKaMeHe-
BOMY X0JIeLUCTUTI. KsniHiyHa ma ekcnepumenmanasHa namosozisi 2004, 4, 117-120.

11. 3ymnanew, U. A.; l'epacumenko, E. B,; [llanamai, A. C.; Caenko, T. B. OnbIT nprMeHeHus npenapaTta AabTabop B IpodUIAKTHKE IPUIIIA U OCTPBIX
pecnupaTopHbIX BUPYCHBIX MHeKIUH. 300poe’s Ykpainu 2013, 20, 43-45.

12. Ivanov, S. A;; Nomura, K.; Malfanov, L. L.; Ptitsyn, L. R. Glutinoin, a novel antioxidative ellagitannin from Alnus glutinosa cones with glutinoic acid
dilactone moiety. Natural Product Research 2012, 26 (19), 1806-1816. https://doi.org/10.1080/14786419.2011.613387.

13. Krutskikh, T. V;; Shalamay, A. S. Validation of the method of quantitative determination of the amount elagotannins in tablets Altabor. Manage-
ment, economy and quality assurance in pharmacy 2015, 3, 25-29.

14.

Gryszczynska, A.; Dreger, M.; Piasecka, A.; Kachlicki, P; Witaszak, N.; Sawikowska, A.; Ozarowski, M.; Opala, B.; Lowicki, Z; Pietrowiak, A.; Miklas, M,;
Mikotajczak Przemystaw, L.; Wielgus, K. Qualitative and quantitative analyses of bioactive compounds from ex vitro Chamaenerion angustifolium (L.)
(Epilobium augustifolium) herb in different harvest times. Industrial Crops and Products 2018, 123, 208-220. https://doi.org/10.1016/j.ind-
crop.2018.06.010.

23



ISSN 2308-8303 (Print) Journal of Organic and Pharmaceutical Chemistry. — 2021. — Vol. 19, Iss. 1 (73)  ISSN 2518-1548 (Online)

15. Liang, X;; Jiang, Y.; Guo, Z.; Fang, S. Separation, UPLC-QTOF-MS/MS analysis, and antioxidant activity of hydrolyzable tannins from water caltrop
(Trapa quadrispinosa) pericarps. LWT 2020, 133, 110010. https://doi.org/10.1016/j.lwt.2020.110010.

16. Grace, M. H.; Warlick, C. W,; Neff, S. A; Lila, M. A. Efficient preparative isolation and identification of walnut bioactive components using high-speed
counter-current chromatography and LC-ESI-IT-TOF-MS. Food Chem. 2014, 158, 229-238. https://doi.org/10.1016/j.foodchem.2014.02.117.

17. Regueiro, J.; Sdnchez-Gonzalez, C.; Vallverdd-Queralt, A.; Simal-Gandara, J.; Lamuela-Raventds, R.; Izquierdo-Pulido, M. Comprehensive identifi-
cation of walnut polyphenols by liquid chromatography coupled to linear ion trap-Orbitrap mass spectrometry. Food Chem. 2014, 152, 340-348.
https://doi.org/10.1016/j.foodchem.2013.11.158.

18. Jia, X;; Luo, H.; Xu, M.; Zhai, M.; Guo, Z.; Qiao, Y.; Wang, L. Dynamic Changes in Phenolics and Antioxidant Capacity during Pecan (Carya illinoinensis)
Kernel Ripening and Its Phenolics Profiles. Molecules 2018, 23 (2), 435. https://doi.org/10.3390/molecules23020435.

Received: 12. 05. 2020
Revised: 23. 01. 2021
Accepted: 15. 02. 2021

The work was supported by the PISC SIC “Borshchahivskiy CPP” through the project “Development of methods
for determining the quantitative content of the components of the Altabor substance” (research period 2019).

24



