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The phytochemical profile and antibacterial activity of fluid
extracts of Galium verum L. herb

Aim. To obtain and study the qualitative composition and the content of the main groups of biologically active
substances (BAS) of fluid extracts (FEs) of Galium verum L. herb and to assess their antibacterial activity.

Materials and methods. FEs of Galium verum L. herb were obtained by three-fold water extraction or ethanol
(20 %, 60 %, 96 %) extraction of the raw material when heating, followed by the concentration of the combined extracts.
Phenolic compounds of FEs were studied by the methods of paper and thin-layer chromatography, and spectropho-
tometry. The content of polysaccharides was determined gravimetrically. The antibacterial activity of FEs was deter-
mined in vitro by the agar diffusion method.

Results and discussion. The chromatographic study of FEs of Galium verum L. herb revealed the presence of
chlorogenic acid and rutin in all FEs, the fluid 96 % ethanol extract contains chlorogenic acid, cyanoside, quercetin and
rutin. Hydroxycinnamic acids, flavonoids and the amount of phenolic compounds were quantified in all extracts, and
polysaccharides were determined in the aqueous extract and 20 % ethanol extract. When studying the antimicrobial
activity of FEs it has been found that the fluid 96 % ethanol extract exhibits the highest activity. Bacillus subtilis was
the most susceptible to all the extracts under study. Proteus vulgaris showed insignificant sensitivity to the test con-
centration of fluid extracts obtained with water and 60 % ethanol. The rest of the microorganism test strains used were
sufficiently sensitive to the FEs under study.

Conclusions. The results obtained indicate the prospects of further in-depth study of the antimicrobial activity of
fluid extracts of Galium verum L. herb in order to develop antibacterial agents on their basis.
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I. 1. LUnHkoBeHko, T. B. InbiHa, O. B. Nopsya, A. M. Kosanboga, T. 1. OconogyeHko, A. M. KomicapeHko

[ocnigxeHHA pigKuX eKCTpakTiB 3 TpaBu NigmMmapeHHuKa cnpaBXxHboro (Galium verum L.)
Ta iX aHTUbGaKTepianbHOI aKTUBHOCTi

MeTta po60Tu — ofepxaHHsi, OCMIOXEHHS AKICHOroO Cknagy Ta BMICTY OCHOBHUX rpyn GionoriYHO akTUBHWUX peyo-
BuH (BAP) ekcTpakTiB pigkux (EP) TpaBu nigmapeHHMKa CnpaBXHbOTO i BUBYEHHS X aHTUbGaKkTepianbHOT akTUBHOCTI.

MaTtepianu Ta metoau. EP TpaBu nigmapeHHVKa CnpaBXHbOro OTPMMaHi LWASXOM TPMPa3oBOi eKCTpakLii cnpo-
BMHM Bogoto abo 20 %, 60 %, 96 % eTaHONOM Npu HarpiBaHHi 3 NOAANbLUNM KOHLEHTPYBaHHAM 00’€HAHNX BUTSDKOK.
deHonbHi cnonykn EP gocnigxyeanu metogamu nanepoBoi Ta TOHKOLIAPOBOi XpoMaTorpadii i cnektpodotomeTpii.
BmicT nonicaxapvais BU3Ha4anu rpaBiMeTpuYHNM MeTodoM. AHTMbakTepianbHy akTMBHICTL EP BcTaHoBMoBanu me-
TOLOM «KONOAsA3iB» in vitro.

Pe3ynbraTty Ta ix o6roBopeHHs. Npu xpomatorpadidyHomy gocnimpkeHHi EP TpaBu niamapeHHWka cnpaBXHboro
BCTAHOBIEHO, WO B ycix EP mictutbest xnoporeHoBa kucnota Ta pyTuH; EP 3 BukopucTaHHam sik ekctpareHTy 96 %
€TaHoIy MiCTUTb XITOPOreHOBY KUCMOTY, LMHAPO3WA, KBEPLIETUH i pyTUH. BM3Ha4YeHO BMICT rijpOKCUKOPUYHMX KUCHOT,
bnaBoHOIAIB Ta CyMU (DEHONBHMX CMOMYK B YCiX €KCTpaKTax, BMICT nonicaxapvais — y BogHoMy Ta cnvptoBomy (20 %)
ekcTpakTax. [pu gocnigxeHHi aHTMMIKpOGHOI akTnBHOCTI PE BCTaHOBMNEHO, L0 HanbinbLUy akTUBHICTb MPOSIBMSIE EKC-
TPaKT, oAep>KaHuin 3 BUKOpUCTaHHAM 96 % eTaHony. HanbinbL 4yTnMBMM A0 BCIX AOCHIAKYBaHUX EKCTPAKTIB BUSBUB-
cs Bacillus subtilis. HeaHa4yHy 4yTnuBicTb 40 BUNpo6oByBaHOI KOHLEHTpauii EP, oTpumaHux 3a gonoMorow Boau Ta
60 % eTaHony, nokasaB Proteus vulgaris. PeluTa BUKOPUCTaHWX TECT-LUTaMiB MiKpOOpPraHiaMiB BUsiBUACh AOCTaTHLO
YyTNMBO A0 AocnigxKyBaHux EP.

BucHoBku. OTpumaHi pesynsrati cBig4aTh Npo NEPCNEKTUBHICTL NOAANbLIOTO NOrMMONEHOro AOCNIMKEHHSA aHTH-
MiKpOGHOI akTmBHOCTI EP 3 TpaBu nigmapeHHnka cnpaBXHbOro 3 METOK CTBOPEHHA Ha iX OCHOBI aHTUbaKTepianbHWX
3acobiB.

Knrouoei cnoea: nidMapeHHUK cripasxHil; ekcmpakmu pioki; aHmubakmepiarbHa akmugHicmb

W. J1. lWunHkoBeHko, T. B. UnbuHa, O. B. Nopayas, A. M. Koeanesa, T. . Oconoa4yeHko, A. H. KomuccapeHrko
UccnepoBaHue XUOKUX 3KCTPAKTOB U3 TpaBbl NoAMapeHHUKa HaCTOALLEro

(Galium verum L.) n nx aHTu6aKkTepmanbHON aKTUBHOCTU

Llenb paGOTbI — nony4yeHune, nccnenoBaHme Ka4eCTtBeHHOro coctaBa U cogepXaHna OCHOBHbIX rpynn ouono-

rmyeckn akTmBHbIX coeamHeHun (BAC) akcTpakToB xugkux (32K) TpaBbl NogMapeHHMKa HaCTOSILLErO U U3yYeHne mx
aHTnbakTepuanbHON akTUBHOCTH.
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MaTtepuanbl u metogbl. 3K TpaBbl NOAMAPEHHNKA HACTOSLLErO NOSyHYEeHHbI NYyTEM TPEXKPATHOW 3KCTpaKLun
cbipbs Bogon unm 20 %, 60 %, 96 % aTaHONoOM Npu HarpeBaHUM ¢ NOCNeayHLLMM KOHLEHTPUPOBaHNEM 00beOUHEHHBbIX
n3BneveHunin. PeHomnbHble coeauHeHns K ncenegosany Metogamum ByMaxkHOM M TOHKOCIOMHOW XpomaTorpadum v
cnekTpodoTomeTpumn. CopepxaHve nonucaxapuaos Onpenensany rpaBuMeTpuyYeckuM MeToaom. AHTUOaKTepuarnbHyo
akTnBHoCTb OXK ycTaHaBnuBanu MeTogoM «Korogues» in vitro.

Pe3synbraThl 1 ux obcyxaeHue. Mpu xpomaTtorpadgunyeckom ndyveHmn XK TpaBbl NOAMapeHHUKa HacCTOSALLErO
YCTaHOBMEHO, 4TO Bce OXK copepKaTt XIOpPOreHoBY KUCMNOTY U pyTuH, OXK ¢ ncnonb3oBaHMeM B KayecTBe IKCTpa-
reHta 96 % aTaHona CoOoepXXUT XIOPOreHOBYH KUCIOTY, LMHApo3ua, KBEPLETUH U PYTUH. YCTAHOBMEHO coaepxa-
HUE TMAPOKCUKOPUYHBIX KUCIOT, (ONTaBOHOMAOB U CyMMbl (DEHOMbHBIX COEAMHEHUI BO BCEX 3KCTpaKTax, cogepkaHue
nonuncaxapugos — B BOAHOM 1 cnupToBoM (20 % ataHon) akcTpakTax. [pu n3y4eHnn aHTMMUKPOOHOM aKTMBHOCTU
OX ycTtaHoBneHo, 4To Hanboree akTUBHBIM ABMSETCA 3KCTPAKT, NOMyYEHHbIN C ncrnonb3oBaHnem 96 % aTtaHona.
HawnbGonee 4yBCTBMTENBHBIM KO BCEM MCCMNEeA0BaHHbLIM 3KCTpakTam okasancs Bacillus subtilis. HeaHaunTenbHyo 4yBCTBU-
TENMbHOCTb K UCMbITYEMON KOHLUEHTpaumm 9XK, nony4eHHbIX ¢ ucnonb3oBaHem Boabl 1 60 % ataHona, nokasan Proteus
vulgaris. OcTanbHble UCNOMb30BaHHbIE TECT-LUTAMMbl MUKPOOPraHM3MOB OKa3anucb AOCTATOYHO YYBCTBUTENbHBIMU
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K nccnenoBaHHbIM XK.

BbiBogbl. I'IonyquHble pesynbraTtbl CBUOETENbCTBYHOT O NEepCNeKTUBHOCTU JanbHenwero yrny6neHHoro n3y4e-
HUA aHTVIMVIKp06HOI7I AKTUBHOCTU XNOKUX BKCTPAKTOB 13 TpaBbl NOAMapeHHMKa HacTodLllero ¢ uenbio co3aaHna Ha nx

OCHOBe aHTMba KTepuanbHbIX CPeaCTB.

Knroueenie crioea: I'IO@MapeHHUK Hacmosiwuu; 3KCmMpaxkmaol JKUOKUe; aHmu6aKmepuaanaﬂ aKmugHoCmb

The search for the antibacterial and antifungal agents
of the plant origin is among the topical issues facing
pharmacy.

In the folk medicine Bedstraw species (Galium L.)
of Madder family (Rubiaceae Juss.) are widely used in
the treatment of skin diseases, respiratory and urogeni-
tal disorders, and sepsis [1]. The numerous experimen-
tal studies conducted worldwide demonstrate the anti-
microbial properties of Galium species [2-5].

Previously, the antimicrobial and antifungal proper-
ties of certain Galium species were found [6]. Among
them Galium verum L. should be mentioned, its lipo-
philic fractions exhibit a wide range of the antimicro-
bial and antifungal activity [7-9].

The aim of this work was to study the composition
and antibacterial activity of fluid extracts of Galium ve-
rum L. herb obtained with different extragents, namely
water, 96 % ethanol and water-alcoholic mixtures.

Materials and methods

Galium verum herb was harvested at full flowering
stage in the Kharkiv region in June of 2016.

The objects of the research were FEs of Galium ve-
rum L. herb obtained with water (EP-w) or 20 % (EP-20),
60 % (EP-60), 96 % ethanol (EP-96) three-fold extrac-
tion (30 min each) of the air-dried raw material in the ra-
tio of the raw material: extragent of 1 : 10 when heating
with the subsequent concentration of the combined three
extracts to the ratio of the raw material — finished prod-
uctof 1: 10.

Phenolic compounds of FEs were studied by paper
chromatography (PC) and thin-layer chromatography (TLC).
The conditions for PC were as follows: Filtrac chromato-
graphic paper (FN-12); the solvent system of ethyl ace-
tate — formic acid — water (10 : 2 : 3, v/v/v); the tem-
perature — 20 °C; UV light (A = 354 nm); developers —
ammonia vapors; 3 % KOH alcohol solution. The con-
ditions for TLC were as follows: Sorbfil and Silufol pla-
tes; UFS-254/365 irradiator; the solvent system of ethyl
acetate — formic acid — water (10 : 2 : 3, v/v/v); develo-
pers — 5 % AICI, alcohol solution, 3 % KOH alcohol
solution; 2 % ZrOCl, alcohol solution with citric acid.

As reference standards 0.1 % solutions of authentic
samples of chlorogenic acid, rutin, quercetin, kaempfe-
rol, apigenin, luteolin, cyanoside were used. Compounds
were identified by coloring after the reaction with chromo-
genic developers, by the character of fluorescence in UV
light and the R, value compared to the authentic samples.

In the fluid extracts the content of phenolic com-
pounds was determined using an Evolution 60 S UV-Vi-
sible (Thermo scientific) spectrophotometer: hydroxy-
cinnamic acids at the wavelength A = 327 nm (as chlo-
rogenic acid), flavonoids at the wavelength A = 410 nm
(as rutin), the amount of polyphenolic compounds at the
wavelength A = 270 nm (as gallic acid).

According to the WHO recommendations for the study
of the antibacterial activity of drug products to assess the
antibacterial activity of FEs the test-strains of Staphylo-
coccus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vulga-
ris ATCC 4636, Bacillus subtilis ATCC 6633, Candida
albicans 885-663 were used.

In the study 0.3 ml of FEs were used.

The antibacterial activity of FEs was studied in vitro
by the agar diffusion method (agar well method) [10].
The microbial load was 107 microbial cells per 1 ml of
the medium; it was determined visually according to
McFarland turbidity standard.

To determine the antimicrobial activity the micro-
organism cultures were grown on meat-peptone agar at
t =37 °C. Microorganisms were cultured for 24 hours.
To determine the antifungal activity of FEs the Sabou-
raud medium was used. The degree of sensitivity of micro-
organisms in relation to the FEs under study was esti-
mated by the size of their growth inhibition zones.

The sensitivity of microorganisms to the FEs under
study was measured as a radius of the inhibition zone.

The assessment of the sensitivity of microorganisms
was performed according to the following criteria:

* no growth inhibition zones, as well as the inhibition
zone to 10 mm showed that the microorganism was
not sensitive to the substance studied or the selected
concentration of the substance;
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Table 1

The composition of fluid extracts of Galium verum L. herb

The content of BAS, %
Ext t
xtragen Polysaccharides | Hydroxycinnamic acids Flavonoids The'amount of
phenolic compounds
Water 6.27 4.24 0.40 3.66
Ethanol 20 % 2.40 3.10 0.24 2.90
Ethanol 60 % —* 4.13 0.16 3.84
Ethanol 96 % —* 2.70 0.18 2.70
Note. * - no polysaccharides.
Table 2
The antimicrobial activity of extracts of Galium verum L. herb
Diameter of the growth inhibition zones (mm) (M + m), p < 0.05
Extragent Staphylococcus . .| Pseudomonas Bacillus Proteus Candida
Escherichia coli . I - .

aureus aeruginosa subtilis vulgaris albicans
Water 17.7+04 17.3+£0.3 16.3+0.3 18.7£0.3 15.0£0.2 15.6+ 0.2
Ethanol 20 % 20.0+0.2 19.7£0.2 157 +£04 18.3+0.2 15.3+0.3 16.7+ 0.3
Ethanol 60 % 18.3+£0.3 17.3+£0.3 173+£0.3 21.0+0.2 143 +0.3 16.4+ 0.3
Ethanol 96 % 20.7 £ 0.4 20.3+0.3 18.7+04 21.7+0.3 18.7£0.3 19.3+ 0.4

* inhibition zones with the diameter of 10-15 mm in
dicated low a sensitivity of the microorganism to the
concentration of the test substance;

* inhibition zones with the diameter of 15-25 mm were
regarded as an indicator of sufficient sensitivity of
the microorganism to the test substance;

* inhibition zones with the diameter exceeding 25 mm
showed a high sensitivity of microorganisms to the
substances studied.

The statistical processing of the results was perfor-
med according to Glants S. [11].

Results and discussion

The chromatographic study of FEs of Galium ve-
rum L. herb revealed the presence of chlorogenic acid
and rutin in all FEs, the fluid 96 % ethanol extract con-
tained chlorogenic acid, cyanoside, quercetin and rutin.

The results of the BAS content determination sho-
wed that the highest quantity of polysaccharides, hyd-
roxycinnamic acids and flavonoids was in the aqueous
extract — FE-w (Tab. 1). The lowest quantity of pheno-
lic compounds was in FE-96.

When studying the antimicrobial activity of FEs it
was found that all extracts under study exhibited the anti-
microbial activity (Tab. 2).

Proteus vulgaris was highly susceptible to FE-96 and
unsusceptible to FE-60.

Extracts FE-20 and FE-96 exhibited the highest ac-
tivity in relation to Staphylococcus aureus and Escheri-
chia coli.

FE-96 exhibited the highest activity in relation to
Proteus vulgaris, Pseudomonas aeruginosa and Candida
albicans.

Bacillus subtilis was highly susceptible to FE-96 and
FE-60.

On average, FE-96 exhibited the highest antimicro-
bial activity. Among the test strains used Bacillus subti-
lis was the most susceptible to all extracts under study.

CONCLUSIONS

1. For the first time the antibacterial and antifungal ac-
tivities of fluid extracts of Galium verum L. herb obtained
with water and ethanol (20 %, 60 % and 96 %) extraction
and differed in the content of BAS have been studied.

2. It has been found that all fluid extracts exhibit the
antimicrobial activity. The fluid 96 % ethanol extract
exhibits the highest activity. Bacillus subtilis was the
most susceptible to all the extracts under study.

3. The results obtained indicate the prospects of fur-
ther in-depth study of the antimicrobial activity of fluid
extracts of Galium verum L. herb in order to develop
antibacterial agents on their basis.

Conflict of Interests: authors have no conflict of
interests to declare.
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