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The qualitative composition and the quantitative content of free and bound amino acids in the alcoholic
extract of bilberry leaves have been determined by HPLC using a high performance liquid chromatograph
by Agilent Technologies firm (model 1100) equipped with a flow-through vacuum degasser G1379A,
a four-channel pump of the low pressure gradient G13111A, an automatic injector G1313A, a column
thermostat G13116A, and a diode array detector G1316A. To conduct the analysis a “ZORBAX-
XDB-C18” chromatographic column with the size of 4.6x50 mm filled with the octadecylsilyl sorbent
and with the granule size of 1.8 um was used. Identification of amino acids was performed by the
retention time of standards. The content of bound amino acids was calculated by subtracting the
content of free amino acids from their total content. As a result of the study 19 amino acids have been
found and their quantitative content has been determined. Five amino acids are essential — threonine,
methionine, isoleucine, leucine and arginine. The dominant compounds are glutamic acid, asparagine,
serine, gamma-aminobutyric acid and leucine. The content of free amino acids is 34.75% of the total
amino acids, and the content of the bound ones is 65.25%. Most amino acids in the extract studied are
in a bound state; therefore, they will affect solubility, bioavailability and the total pharmacological effect.

In medical and pharmaceutical practice drugs based
on bilberry (Vaccinium myrtillus) fruits are widely used.
For example, such drugs as Strix, Optix, Visio Balance,
Bilberry Forte, etc, which contain biologically active subs-
tances of bilberry, are represented at the pharmaceutical
market of Ukraine; they are used in various eye disor-
ders. In folk and scientific medicine the shoots and leaves
of bilberry are used as a sugar-lowering remedy in the
form of decoctions and are part of antidiabetic teas such
as Arphasetinum and Myrphazinum, but there is no stan-
dardized drug based on extracts from this raw material
at the market of Ukraine [2, 3, 6, 7, 8].

Previously, we reported on the qualitative and quan-
titative chemical determination in leaves and the extracts
from bilberry leaves of some classes of BAS such as simple
phenols, derivatives of hydroxycinnamic acids, flavo-
noids, polyphenolic compounds [2, 3, 7]. Continuing the
study of BAS of bilberry leaves and products of their pro-
cessing our attention is attracted to the fact that the amino
acid composition has not been studied yet. Since amino
acids can form salts and complex compounds with phenolic
substances, their qualitative composition and the quan-
titative content will affect solubility, bioavailability and
the total pharmacological effect of the extract. Therefore,
it is expedient to study their composition in the alcoholic
extract from bilberry leaves. The aim of our research was
to study the amino acid composition of the alcoholic extract
from bilberry leaves.

Materials and Methods

The object of our study was the liquid alcoholic extract
from bilberry leaves obtained by extraction with 50% alco-
hol. This extract met the requirements of the general mono-
graph “Extracts” of the SPhU [1] and was referred to
liquid extracts.

The qualitative and quantitative analysis of free and
bound amino acids in the extract of bilberry leaves was
carried by a high performance liquid chromatograph by
Agilent Technologies firm (model 1100) equipped with
a flow-through vacuum degasser G1379A, a four-channel
pump of the low pressure gradient G13111A, an automatic
injector G1313A, a column thermostat G13116A, and a
diode array detector G1316A. To conduct the analysis
a “ZORBAX-XDB-C18” chromatographic column with
the size of 4.6x50 mm filled with the octadecylsilyl sor-
bent and with the granule size of 1.8 pm was used.

The sample preparation to study the composition
of free amino acids. In a 10 ml vial (A) add 0.3 ml of
the extract. Then pour 3 ml of 0.1 N aqueous solution of
hydrochloric acid containing 0.2% of -mercaptoethanol
into the vial. Close the vial hermetically and place in an
ultrasonic bath for 2 h at the temperature of 50°C.

The sample preparation to study the total content of
amino acids. In a vial (B) add 0.2 ml of the extract. Then
pour 3 ml 6 N aqueous solution of hydrochloric acid con-
taining 0.4% of B-mercaptoethanol into the vial. Close
the vial hermetically and allow to stand for 24 h at the
temperature of 110°C.

Centrifuge the vial with samples and filter. Into a 2 ml
reaction vial collect 100 pl of filtrates from vial A and
20 pl from vial B and place in a vacuum desiccator at a
temperature of 40-45°C and pressure of 1.5 mm Hg to
complete removal of hydrochloric acid. Then into the vial
for analysis successively add 200 pl of 0.8 M borate buf-
fer with pH 9.0, 200 pl of 20 mM solution of 9-fluo-
renylmethoxycarbonyl chloride in acetonitrile with an
automatic injector, after a 10 min exposure into the reac-
tion vial add 20 pl of 150 mM solution of amantadine
hydrochloride in 50% water acetonitrile [4, 5].
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The analysis was performed under the following chro-
matographic conditions: the eluent working pressure —
220-275 kPa; the column thermostat temperature — 50°C;
the sample volume — 2 pL. There were the following pa-

rameters of detection: the scale of measurement — 1.0; The content of amino acids
the scan time — 0.5 s; detection wavelength — 265 nm. . i (mg per L of the
Identification of amino acids was performed by the Amino acid liquid extract)
retention time of standards. The content of bound amino Free Bound
acids was calculated by subtracting the content of f.ree Aspartic acid 23 15.8
amino acids from'thelr total content. However, such amino [ Glytamic acid 33 21.9
ap1ds as asparagine and glutamlne are almpst quantita- [ o 69 00
tively transformed into aspartic and glutamic acids, res- .
: . . . Asparagine 18.5 0.0
pectively, in the process of acid hydrolysis. Under the .
same conditions cystine can be partially or completely Sen'n(j_\ 438 184
decomposed into cysteine and cysteic acid. Therefore, ~|Arginine 10.9 11.8
it is useful to perform calculation of the content of such | Glycine 24 4.3
bound amino acids as asparagine and aspartic acid, glu- | Threonine 84 8.6
tamine and glutamic acid by their sum, respectively. The | Alanine 5.3 12.3
content of such bound amino acids as cystine and cys-  |Proline 11.7 13.1
teine can be also calculated by their sum, but taking int0 | Gamma-aminobutyric acid 19.9 26.7
account that I molecule of cystine breaks down into 1 [phenyialanine 83 9.1
molecule of cysteine and.l molecule of cysteic acid. Methionine 50 347
Results and Discussion lsoleucine 63 85
The results of determination of the qualitative com- - . -
position and the quantitative content of free and bound L(?uFlr?e 8.7 22.7
amino acids in the alcoholic extract from bilberry leaves [ Histidine 37 5.3
are given in Table. Cysteine 0.0 12.9
As a result of the study of the amino acid composition | Monoethanolamine 44 12.1
of the alcoholic extract from bilberry leaves 19 amino  |Tyrosine 0.0 7.0

acids have been found. Among them there are 17 free
and 17 bound amino acids, five of them are essential —
threonine, methionine, isoleucine, leucine and arginine.
The content of free amino acids is 34.75% of the total
amino acids, and the content of the bound ones is 65.25%.

CONCLUSIONS

The amino acid composition of the alcoholic extract
from bilberry leaves has been studied. It has been found

Table

The amino acid composition of the alcoholic extract
from bilberry leaves

that the dominant compounds are glutamic acid, aspa-
ragine, serine, gamma-aminobutyric acid and leucine.
Most amino acids in the extract from bilberry leaves are
in a bound state; therefore, they will affect solubility,
bioavailability and the total pharmacological effect. This
fact should be considered in the technological process
and its standardization.
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[OCNIMXEHHA AMIHOKUCINTOTHOIO CKNALY CMUPTOBOIO EKCTPAKTY 3 IUCTA
YOPHULI 3BUYANHOI

1.0.Konuuyees, T.0.KpacHikoea, O.M.Kowoesuti

Knrodoei cnosa: Bepecosi; YopHUUs 3gudaliHa, 1ucms; crupmosul ekcmpakm, aMiHoKucrioma
BusyeHro sikicHuli cknad i KirlbKicHUl eMicm 8irlbHUX ma 38’13aHUX aMiHOKUC/Iom y Criupmo8oMy eKc-
mpakmi 3 1UCMS YOPHUUj 38uYalHOi MemoOoM 8UCOKOeGheKMUBHOI piOUHHOI Xxpomamoepadpii 3a doro-
MO20H 8UCOKOEhEKMUBHO20 PiOUHHO20 Xpomamoepadha ipmu Agilent Technologies (moderns 1100),
YKOMI1I1eKMO8aHO20 MPOMOYHUM 8aKyyMHUM deea3amopom G1379A, 4-u KaHarbHUM HacocoM epa-
dieHma Hu3bkoao mucky G13111A, asmomamuy4Hum iHxekmopom G1313A, mepmocmamom KOroHOK
G13116A, diodHomampu4Hum demekmopom G1316A. [ns nposedeHHs aHani3y byna sukopucmaHa
XpomamoepadgbiyHa KorloHKa posmipom 4,6x50 MM, 3arnoeHeHa okmadeyusicuslinnbHUM copbeHmom,
3epHeHHs 1,8 Mkm, «ZORBAX-XDB-C18». I0eHmucbikayito amiHoKuciom rnpogodusiu 3a 4acom ympu-
MaHHs1 cmaHOapmig. Po3paxyHOK emicmy 38’sa3aHuUX aMiHOKUCIOm rpo8oduBCcs WIISIXOM 8iOHIMaHHS
amicmy ginbHUX amiHokuciom gid ix 3azanbHo20 emicmy. Y pesyribmami docnidxeHHs1 6yro susisrieHo
19 amiHokucriom ma 8u3Ha4YeHo iX KinbKicHUl emicm. T’'ame amiHOKuUcriom € He3aMiHHUMU — mpeo-
HiH, MemIOHIH, i3on1elyuH, netyuH ma apeiHiH. JoMiHyro4umMu crioriykamu € 2riymamiHoga Kucrioma,
acrapaeiH, cepuH, caMmMma-aMiHoMacsissHa Kucsoma ma netyuH. Bmicm einbHUX amiHoKucriom ckna-
Oae 34,75% 8id cymu ycix amiHokucsiom, a emicm 38’sa3aHux — 65,25%. binbwicme amiHOKUciom y
docridxysaHOMy eKcmpaKkmi 3Haxo0umbCsl y 368’ I3HOMY cmaHi, momMy 80HU byOymeb ernueamu Ha pos-
YuHHicmb, 6iodocmynHicmb ma 3a2anbHuli hapmakomepanesmuyHUl egbekm ekcmpaxkmy.

UCCNEAOBAHUE AMWHOKUCITOTHOIO COCTABA CIMMMPTOBOI'O 3KCTPAKTA

M3 IMCTLEB YEPHUKN OBbIYHOWU

UN.A.Konbiyee, T.A.KpacHukoea, O.H.Koweeol

Knroveenie criosa: Bepeckosble; YepHUKa 0bbIKHOBEHHAs; IUCMbS;, CrIUPMO8bIU IKCmpaKkm;
amMuHokucroma

U3yyeH ka4ecmeeHHbIl cocmas U KOru4ecmeeHHoe cooep)kaHue Cc80600HbIX U C8513aHHbIX aMUHO-
Kucrom 8 crupmo8oM 3KCmpakme U3 JiuCmMbe8 YePHUKU 0B6bIKHOBEHHOU MEMOOOM 8bICOKOIhhEK-
mueHoU XXUAKOCMHOU XxpoMamozpaghuu ¢ MOMOUbIO 8bICOKOIGhhEKMUBHO20 XUOKOCMHO20 XpoMma-
moepacgha cbupmbi Agilent Technologies (modens 1100), yKOMIIEKMOBaHHO20 MPOMOYHbIM 8aKyyMHbIM
Oeeazamopom G1379A, 4-x KaHanbHbIM HacocoMm 2padueHma Hu3koeo OaeneHuss G13111A, asmo-
Mamudeckum uHxekmopom G1313A, mepmocmamom komoHok G13116A, duoOHoMampuyHbIM demek-
mopom G1316A. [nsa nposedeHusi aHanusa bbinia ucrnonb3o8aHa xpomMmamozpaghuyeckasi KOSTIOHKa
paamepom 4,6x50 mm, 3aronHeHHass okmadeyuscunuibHbiM copbeHmom, 3epHeHue — 1,8 MKm,
«ZORBAX-XDB-C18». B pe3aynsmame uccriedosaHusi 6110 8biserieHo 19 amuHokucriom u orpede-
JIEHO UX Konu4YecmeeHHoe codepxxaHue. MIoeHmugukayu aMuHOKUCIOM po8oousu no 8pemeHu
yOepxaHusi cmaHOapmos. Pacdyem codep>aHusi cesi3aHHbIX aMUHOKUCIOM po8oousicsi ymem 6bi-
YumaHusi cooepkaHusi ce0600HbIX aMUHOKUCI0m om ux obuje2o kornudecmaa. [1mb 0bHapy)KeHHbIX
aMUHOKUC/I0M S18/ISII0MCS] He3aMeHUMbIMU — MPEOHUH, MeMUOHUH, U3onelyuH, nelyuH U apauHUuH.
HomuHupyrowumu coeduHeHUsIMU S18/1SH0MCS arlymaMuHo8as Kucioma, acrapaauH, CepuH, 2aMmma-
amuHomacsisiHasi Kucrioma u netiyuH. CodepxxaHue c8o0600HbIX aMUHOKUCcIom cocmasrnsem 34,75%
0m CyMMbI 8CEX aMUHOKUCIom, a codepxxaHue cesi3aHHbIX — 65,25%. borbwuHCcmeo aMuHoKUcI0m
8 uccnedyeMoM 3Kcmpakme Haxodumcs 8 ce8si3aHHOM COCMOSIHUU, MO3MOMY OHU OKa3blgarom 6riusi-
Hue Ha pacmeopumocmb, buodocmynHocme U 06wuUl ghapmakomeparnesmuyeckul aghgbekm.



