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SCREENING OF THE ANTIOXIDANT ACTIVITY OF EXTRACTS
FROM HEDERA HELIX LEAVES USING THE HPLC/ABTS METHOD

Hedera helix is widely used as a remedy to treat the respiratory infections and cold accompanied with cough due to its
anti-inflammatory effect. In addition, the antioxidant activity of its extracts has been confirmed. It is explained by the
high content of flavonoids and phenolic acids among all phytochemicals of H. helix leaves. However, it remains uncertain
which exactly components are responsible for the antioxidant activity and what is the best way to perform extraction.

Aim. To determine the antioxidant profile of different extracts from H. helix leaves using the in vitro HPLC method
combined with the ABTS reagent.

Materials and methods. Extraction of H. helix leaves was conducted with different solvents (from 20 % methanol to
100 % methanol using an ultrasound bath); the method described in the Pharmacopeia was also used. A Waters chro-
matograph was used to determine the antioxidant profile.

Results. About 90 % of the components responsible for the antioxidant activity were determined using the HPLC
method proposed. Among them, chlorogenic acid and 3,5-caffeoylquinic acid showed the highest activities. Other com-
ponents, such as neochlorogenic acid, hyperoside and 3,4-caffeoylquinic acid were revealed as components with the
antioxidant scavenging activities in H. helix lextracts.

Conclusions. The results obtained indicate that extracts from H. helix leaves possess the high antioxidant scavenging
capacity. In addition, the in vitro HPLC method proposed can be used for the primary screening of components in the
plant raw material.
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CKpUHIHT Npo}io aHTUOKCHUAAHTHOI aKTUBHOCTI eKcTpakTiB Jincta Hederahelix 3a gonomorozo
BEPX/ABTS meToay

Hederahelix mm1poko BUKOPUCTOBYETHCS A1 JIKyBaHHSA peclipaTOpHUX iHPeKLiH Ta 3aCTyAH, [0 CYNPOBOKYEThCS
KalllJleM, 3aB/IsIKM IPOTHU3aNalbHUM BJacTUBOCTAM. KpiM 1jboro, 6ys1a niATBep/AkeHa aHTHOKCH/JaHTHA aKTUBHICTb
HOTo eKCTpaKTiB. Lle MosICHIOETHCSI BUCOKHM BMicTOM (JIaBOHOIZIB Ta peHONbHUX KUCIIOT cepe/i piToxiMiuHOTO Mpo-
¢imro ncta munoma. [lpoTe 3a1MIAETHCS HE3PO3YMIINM, sIKi caMe peYOBHHH BiZANOBIJal0Th 32 aHTUOKCH/IAHTHY aK-
TUBHICTb Ta IKUM YHHOM Kpallle TPOBOAUTH X eKCTPaKILilo.

MeTa gociifkeHHs. BusHauYnTH Npodisb aHTHOKCH/IAHTIB Pi3HUX eKCTPAKTIB JIMCTS IUTIOLIA 3 BUKOPUCTAHHSAM in vitro
BEPX MeTony, o6'eananoro 3 ABTS peareHTOM.

Marepiaau Ta MmeToau. EKcTpakijito JUCTS MJOIA MPOBOJUIN 3a JOMOMOT0I0 pi3HUX PO3YMHHUKIB Bijg 20 % 10
100 % MeTaHOJy 3 BUKOPHUCTAHHAM Y3-6aHi, @ TakoX 3aCTOCOBYBa/IM papMaKoneHHUM MeToA eKcTpakuii. JJist BU3Ha-
YeHHsI aHTUOKCUAAHTHOTO0 Npodiao BUKOPUCTOBYBaIU XpoMaTorpad Waters.

Pe3ysibTaTH. 3a Z0IOMOT010 3aMPOIIOHOBAHOTO METOAY OyJsio BU3HaUYeHO Maike 90 % OCHOBHHUX PEYOBUH, 1110 BiJIO-
BiJJal0Thb 32 aHTUOKCUAAHTHY aKTUBHICTb. Cepe/i HUX Hal6inblly aKTUBHICTb MaJ/Ik XJIOPOreHOBa KUCJI0Ta Ta 3,5-Ko-
deoinoxiHoBa Kuc1oTa. TaKoXK 10 pEYOBHH 3 aHTMOKCHJAHTHOI aKTHUBHICTIO B JIMCTI IUIIOLIA MOXKHA BiZJHECTH Heo-
XJIOPOTE€HOBY KHUCJIOTY, rinepo3uy, 3,4-kodeoisoxiHOBY KHUCIOTY.

BucHoBKU. OTpuMaHi pe3y/bTaTH CBil4aTh PO BUCOKI aHTUOKCHUAAHTHI BJIACTUBOCTI €KCTPAKTIB JIMCTA IJIIOLIA.
KpiM Toro, 3anpononoBanuii in vitro BEPX MeTo/; Moxke BUKOpHUCTOBYBATHCS AJ1 NONIepeJHbOT0 CKPUHIHTY aHTHOKCH-
JIAaHTHOI aKTUBHOCTi peYOBUH y POCJIMHHIN CUPOBUHI.
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CKpUHUHT PO Ui aHTUOKCUAAHTHOM aKTUBHOCTHU 3KCTPAKTOB JucTheB Hederahelix
c ucnosib3oBanueMm BIXKX/ABTS meToaa

Hederahelix mINpOKO NPUMEHSIETCS 151 JIeUeHUs peCIUPATOPHBIX UHPEKIUHI U IPOCTY/IbI, YTO COMPOBOXK/IAETCS Kalll-
JieM, 6J1arozapsi CBOMM MIPOTHBOBOCHAIUTEbHBIM CBOHCTBaM. KpoMe TOro, aHTHOKCH/JaHTHAsi aKTUBHOCTB €ro 3KC-
TPAKTOB ObLIa MOATBEPXKAeHa. ITO 06'bACHAETCA BBICOKUM coZiepkaHueM GpIaBOHOUAOB U GeHOIbHBIX KUCJIOT Cpeiu
duToxuMHUYecKOro NpoduIs JUCTheB Ioma. OJHAKO OCTAETCs HEMOHSATHBIM, KAKHE UMEHHO BellleCTBa OTBEYAIOT 32
AHTHOKCUJAHTHBIN 3QPeKT U KaKUM 06pa3oM Jiydllle NTPOBOAUTD UX IKCTPAKLHUIO.
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Ileab uccnexoBaHus. 3yueHue npodu/isi aHTHOKCUAHTOB Pa3JIMYHbIX IKCTPAKTOB JINCThEB IJIOLIA C UCII0/Ib30Ba-
HueM in vitro BJKX meToza, o6beinHeHHOTO ¢ ABTS peareHTOM.

MarepuaJsibl 1 METOABL JKCTPAKLMIO JIMCThEB IUIIOLIA IPOBOJU/IM C IOMOLIbIO PAa3JIMYHbIX pacTBopuTesen ot 20 %
o 100 % MeTaHoOJIa C UCII0JIb30BAaHHEM YJILTPA3BYKOBOW GAaHHU, a TAKXKe IPUMEHSIJIU METO/, SKCTPAKI[UH, ONTMCAHHbIN
B dapmakoree. [l onpeziesieHUsI aHTUOKCUIAHTHOTO poduJis ucrosb3oBaan Waters xpomaTtorpad.

Pe3ynbraThl. C 1OMOLIbIO PEAJIAaraeMoro Metosia 6bly10 onpe/eneHo moyTy 90 % BelecTB, OTBEYAIOIIMX 32 aHTH-
OKCH/IaHTHBIN 3 PeKT, cpe/ii KOTOPbIX HAKGOJIbLIYI0 AKTUBHOCTb UMeJIM XJIOPOTeHOBas KUC/I0Ta U 3,5-Kodeonxu-
HOBas1 KUcJIoTa. TaKXKe K Bell|eCTBaM, KOTOpble 06J1a/Jal0T aHTHOKCH/JAHTHBIMHU CBOWCTBaMHU, MOXKHO OTHECTH HEOXJIO-
POreHOBYI0 KUCJIOTY, TUIIEPO3U/ U 3,5-KOPEOUTIXUHOBYIO KUCJIOTY.

BriBoAbI. [lolydyeHHbIe pe3y/IbTaTkl CBUAETENbCTBYIOT O BBICOKMX aHTUOKCHAAHTHBIX CBOMCTBAX 9KCTPAKTOB JINCThEB
noiia. Kpome toro, npessioxeHHbIH in vitro BOXKX meTos MoXeT 6bITh HCI0JIb30BaH /1J1s1 IPe/iBapUTeIbHOI0 CKPH-
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HHHTIa BEIEeCTB B PACTUTEJIbHOM ChbIpbe.

Kawuesvle c/108a: TUCTbS MJII011A; aHTUOKCU/IAHTHASA aKTUBHOCTh; BOXKX; cCKpUHUHT

H erbal medicines are in high demand due to
some of their benefits over synthetic drugs [1].
Pharmaceuticals containing the H. helix extract are
required all around the world. Different pharmaco-
logical studies confirmed the anti-inflammatory, an-
tibacterial [2] and antioxidant [3] activities of H. helix
extracts. To assess the quality of medicines contain-
ing H. helix, the determination of hederacoside C is
required [4]. However, it remains uncertain which
exactly components are responsible for the antioxi-
dant activity. Thus, the implementation of methods
that can separately determine the activity of each
substance in the mixture is essential to choose the
correct biomarkers.

Guidelines for ethical conduct when using ani-
mals in research require the application of alternative
methods for pharmacological studies of pharma-
ceutical products [5]. According to the guidelines,
at the stage of the primary screening of drug phar-
macological activities, it is preferable to replace the
experimental animals with other types of models,
such as in vitro analysis, cell cultures, computer
modeling. Docking provides all required informa-
tion about biological activities using no animal in
the research [6]. Also, the implementation of alter-
native procedures for pharmacological activities
remains in high demand. This research is aimed to
perform the HPLC method for the in vitro antioxi-
dant studies of H. helix samples.

Materials and methods

Plant raw material

The leaves of H. helix for this experiment were
sampled in different European countries, such as
Lithuania (Naujoji Akmene), Ukraine (Kharkiv), Czech
Republic (Prague), Austria (Vienna).

After collection, the samples were air-dried at
the ambient temperature with protection from di-
rect sunlight.

Reagents and solvents

Methanol, acetonitrile, potassium persulfate, 2,2-azi-
nobis (ethyl-2,3-dihydrobenzothiazoline-6-sulpho-
nic acid) diammonium salt (ABTS), Trolox, neochlo-
rogenic acid, chlorogenic acid, hyperoside 3,5-caf-
feoylquinic acid and 3,4-caffeoylquinic acid were
purchased from Sigma-Aldrich GmbH (Steinheim,

Germany). Water for chromatography was obtained
using the Millipore (Burlington, MA., USA) water
purification system. All chemicals and analytical
standards used were of HPLC grade.

Sample preparation

The samples were prepared according to Bez-
ruk et al. [7]. Briefly, 1.0 g of accurately weighted
powder of H. helix leaves were extracted thrice with
15 ml of methanol (or 20 %, 50 %, 70 % methanol)
on an ultrasound bath for 15 minutes at ambient
temperature. All supernatants were mixed and di-
luted to 50.0 ml with the solvent used for extrac-
tion.

The samples of H. helix were prepared accord-
ing to the European Pharmacopoeia [8]. Concisely,
1.0 g of accurately weighted powdered leaves were
extracted with 50 mL of the mixture of 80 % me-
thanol under reflux on a water bath at 80 °C for
1 hour, after that a cooled solution was filtered
through cotton. The cotton used and the residue
were extracted with 30 mL of the same solution for
30 minutes. The extracts were mixed and diluted
to the volume 100.0 mL with the same solution.

Chromatographic conditions

HPLC-PDA and HPLC-ABTS were performed as
described in Bezruk et al. [8]. A Waters Alliance 2695
(Waters, Milford, USA) separation system coupled
with Waters 2487 UV /Vis and Waters 996 PDA di-
ode-array detector (DAD). The separation of com-
ponents was performed with the ACE C18 column
(250 mm x 4.6 mm, particle size - 5 um). Using the
PDA detector the mobile phase containing phyto-
chemicals was mixed with the ABTS solution in the
reaction coil, as described in the previous papers
[9-11]. The ABTS post-column chromatograms were
registered at 650 nm. The calibration curve was con-
structed with a Trolox standard.

Results and discussion

The components were identified compared
to standard retention times and their UV-spectra.
Twenty substances were found in the studies (Fig.).
However, only five of them showed the antioxidant
scavenging activity. Chlorogenic acid and 3,5-caf-
feoylquinic acid were the dominant components
and explained from 58 % up to 93 % of the total
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Fig. A typical chromatogram of the antfioxidant evaluation (1 — HPLC chromatogram, 2 — HPLC/ABTS chromatogram,
A - neochlorogenic acid, B — chlorogenic acid, C -hyperoside, D - 3,5-caffeoylquinic acid, E - 3,4-caffeoylquinic

acid

antioxidant activity in all samples. Other substances
were also revealed as possible markers; neochlo-
rogenic acid, hyperoside and 3,4-caffeoylquinic acid
were among them.

Sample collected in Naujoji Akmene possessed
the highest total antioxidant scavenging capacity
among the samples analyzed from 23.373 up
to 43.024 pmol TE/g DM for all extracts (Table).
On the other hand, leaves from Prague showed the

lowest concentration among the samples studied;
however, its values were relatively significant from
5.317 up to 9.257 umol TE/g DM for all extracts.
Among all solvents, extracts of 100 % methanol
showed the highest antioxidant activity. This data
was shown in our previous research [8]. Mostly,
components of methanol extracts were in the fol-
lowing decreasing order: 3,5-caffeoylquinic acid >
chlorogenic acid > hyperoside > 3,4-caffeoylquinic

Table

Antioxidant scavenging capacities of H. helix compound expressed in Trolox equivalent

values (umol TE/g DM) using the HPLC-ABTS post-column assay

Sample (solvent) Neochlo.rogenlc Chlorogenic acid Hyperoside 3,5-caffe9quU|n|c 3,4-caffe<_)quum|c
acid acid acid
1 2 3 4 5 6

Naujoje Akmene 0.330+0.015 2.395+0.107 1.059+0.051 24.776+1.235 0.776+0.035
(20 % methanol)
Kharkiv

1.124+0.056 4.197+0.183 1.825+0.076 12.170+0.573 0.905+0.042
(20 % methanol)
Prague 1.027+0.051 2.299+0.096 1.497+0.066 2.097+0.093 0.731+0.034
(20 % methanol)
Vienna 1.596+0.072 4.785+0.032 1.420+0.052 3.566+0.152 0.959+0.036
(20 % methanol)
Naujoje Akmene
(Pharmacopeia 0.479+0.022 3.669+0.158 1.232+0.052 16.764+0.829 1.227+0.058
method)
Kharkiv
(Pharmacopeian 1.289+0.059 7.99140.352 0.832+0.038 8.009+0.381 2.238+0.109
method)
Prague
(Pharmacopeian 0.956+0.042 1.116+0.043 1.282+0.062 1.714+0.082 0.249+0.012
method)
Vienna
(Pharmacopeian 1.639+0.075 5.461+0.263 1.465+0.068 0.751+0.028 0.063+0.002
method)
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Continuation of Table

1 2 3 4 5 6
Naujoje Akmene 0.136+0.003 2.513+0.114 1.202+0.057 24.545+1.218 14.628+0.729
(50 % methanol)
Kharkiv

1.010+0.048 9.313+0.442 1.713+0.068 14.142+0.683 10.661+0.528
(50 % methanol)
Prague 0.719+0.032 2.414+0.117 1.912+0.059 0.960+0.047 0.049+0.002
(50 % methanol)
Vienna

1.238+0.049 2.606+0.117 1.054+0.037 3.779+0.185 0.291+0.012
(50 % methanol)
Naujoje Akmene 0.367+0.016 3.061+0.149 1.103+0.053 25.095+1.247 39.141+1.839
(70 % methanol)
Kharkiv

1.161+0.037 11.927+0.486 1.886+0.073 15.991+0.783 27.851+1.369
(70 % methanol)
Prague 1.202+0.054 2.982+0.137 1.877+0.086 2.228+0.093 2.763+0.129
(70 % methanol)
Vienna 1.609+0.078 4.216+0.207 1.165+0.052 3.863+0.157 0.704+0.036
(70 % methanol)
Naujoje Akmene 0.411+0.017 2.985+0.149 1.128+0.052 26.082+1.283 1.963+0.095
(100 % methanol)
Kharkiv

1.352+0.052 11.992+0.591 1.976+0.095 16.094+0.795 4.834+0.227
(100 % methanol)
Prague
(160 %methanol) | 1-319+0.062 3.180+0.142 1.744%0.075 2.273+0.110 0.751+0.032
Vienna
(100% methanol) | 1-889+0.091 5.674+0.271 1.403+0.067 3.814+0.186 1.008+0.043

acid > neochlorogenic acid. The same order could
be found almost in each sample. However, leaves
collected in Vienna had a higher amount of neo-
chlorogenic acid than 3,4-caffeoylquinic acid.
Phenolic components depended on the structur-
al characteristics and showed a correlation between
their concentration in the raw material and anti-
oxidant scavenging capacities. The HPLC/ABTS me-
thod proposed (post-column assay) possessed the
possibility to determine components with substantial
activities and fast initial reactions. Consequently, the
procedure is suitable for the detection and quanti-
fication of fast-acting high-capacity antioxidants to
determine the main markers. Hence, this method
is worth considering for the primary screening of an-
tioxidants instead of using animals. Another point
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to consider is that the antioxidant activity markers
can be advantageous to provide the quality and ef-
fectiveness of the plant raw material with promis-
ing health effects.

CONCLUSIONS

The extracts from H. helix leaves have shown
the high antioxidant scavenging capacity; the main
biomarkers responsible for the activity have been
found. The method proposed provides the accept-
able determination of every component, as well as
the measurement of their activity. Thus, the proce-
dure mentioned can be applied for screening of an-
tioxidant effects in complex mixtures of the plant
raw material and herbal medicines.
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