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Saponins of the extracts of Galium aparine and Galium verum

Aim. To determine the qualitative composition and the quantitative content of saponins in the liquid extracts of the
herb of cleavers (Galium aparine L.) and lady’s bedstraw (Galium verum L.).

Materials and methods. Extracts of the herb of cleavers and lady’s bedstraw were obtained by the triple extrac-
tion of the raw material with 96 % ethanol when heating with the subsequent concentration of the combined extracts to
the ratio of the raw material : the finished product of 1 : 1. Saponins were studied by the method of high-performance
liquid chromatography (HPLC).

Results and discussion. As a result of the chromatographic study of extracts of the herb of cleavers and lady’s
bedstraw it has been found that they contain 6 and 7 saponins, respectively. The compounds belong to ursane (ursolic,
euscaphic, tormentic acids and uvaol), oleanane (oleanolic acid) and lupane (betulin and lupeol) type. In the extract
from the herb of cleavers the compounds of ursane derivatives (50 mg/ml) prevail, the dominant compound is eus-
caphic acid (3.34 mg/ml); in the extract from the herb of lady’s bedstraw there are saponins of lupane derivatives (2.50 mg/ml),
lupeol (1.60 mg/ml) is predominant.

Conclusions. The results obtained indicate the prospects for further in-depth study of the chemical composition
and biological activity of the liquid extracts from the herb of cleavers and lady’s bedstraw.
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[. J1. lWunHkoBeHko, T. B. InbiHa, A. M. KoBanboga, O. B. lNopsua, O. |. lonembiosebka, O. M. Kowosuii
CanoHiHun ekctpakTiB Galium aparine Ta Galium verum

MeTta po60oTu — ofepxaHHs, JOCNIAKEHHS AKICHOrO Cknagy Ta BMICTY CanoOHIHIB y eKCTpaKTax pigkvux Tpasw nia-
MapeHHuka Jinkoro (Galium aparine L.) Ta nigmapeHHuka cnpaexHsoro (Galium verum L.).

Marepianu Ta meToau. EkcTpakTu TpaBu nigMapeHHMKa 4inkoro Ta nigmMapeHHuKa CrnpaBXHbLOro OTpUMyBanu
LUNSAXOM TPMPa3oBoi ekcTpakLii cpoBuHM 96 % CNUPTOM €TUIOBMM MPU HarpiBaHHi 3 NoganblUMM KOHLEHTPYBaHHAM
06’eQHaHMX BUTSHKOK [0 CMiBBIAHOLLEHHS CMPOBUHA : FOTOBWIA NpoayKT 1 : 1. CanoHiHM JocnigpKyBanu MeToaoM BUCOKOoedek-
TUBHOI pignHHOT xpomatorpadii (BEPX).

Pe3synbraTty Ta ix obroBopeHHs. B pe3dynbraTi xpomatorpadiyHOro 4OCnifpKeHHA eKCTPaKTiB TpaBy nigmMapeH-
HUKa 4YinKoro Ta nigMapeHHuKa CrpaBXHbOro BUSABMEHO, LLO B HUX MICTATbCA 6 Ta 7 canoHiHiB BignosigHo. Cnonyku
BiJHOCATLCS 10 YpCaHOBOIO (YpCoroBa, eyckad)oBa, TOPMEHTUHOBA KUCIOTK Ta yBaon), orieaHaHOBOro (orneaHosiosa
KncnoTa) Ta nynaHoBoro (6eTyniH Ta nyneon) Tvny. B ekcTpakTi 3 TpaBu nigMapeHHWKa Yinkoro B LiNIoMy nepeBaxatoTb
crnonyku ypcaHoBoro psgy (50 mr/mn), AOMiHYHOUO CNONyKoto € eyckadpoBa kncnota (3,34 mMr/mn); y eKCTpakTi 3 TpaBu
nigMapeHHKKa CNpaBXHbLOro — CanoHIHM NynaHoBoro psiay (2,50 mr/mn), AomMiHytouoto crnonykoto € nyneon (1,60 mr/mn).

BucHoBku. OTpumaHi pesynsrati cBig4aTh NPO NePCNeKTUBHICTb MOA4ANbLUOrO NOrmmMoneHoro A0CimKEHHS XiMiYHO-
ro cknagy Ta 6ionoriyHOT aKTMBHOCTI €KCTPAKTIB PiAKMX 3 TPABW NiAMapeHHUKa Yinkoro Ta nigMmapeHHuKa CnpaBXHbOro.

Knroyoei croea: nigmapeHHUK Yinknin; nigMapeHHUK CNpaBXHIN; eKCTPaKT pigkun; canoHiHn; BEPX

W. J1. lnHkoBeHko, T. B. MnbuHa, A. M. Koeanega, O. B. lopsivas, E. L. NTonembuosckasi, O. H. Kowuesown
CanoHuHbI akcTpakToB Galium aparine w Galium verum

Llenb paboTbl — nony4eHne, n3yvyeHne Ka4eCTBEHHOIO COCTaBa M COAEPKaHUS CanOHWHOB 9KCTPaKTOB XUAKNX
TpaBbl NogMapeHHuka uenkoro (Galium aparine L.) n noamapeHHunka HacTosiwero (Galium verum L.).

MaTepuanbl 1 meToAbl. QKCTPaKTbl TPaBbl NMOAMAPEHHMKA LIEMKOro U NogMapeHH1Ka HacToALero nonyyanm ny-
TEeM TPEXKPaTHOWN 3KCTPaKumm cbipbs 96 % CNMpPTOM 3TUNOBLIM NPU HAarpeBaHnW ¢ AanbHEeNLWNM KOHLEHTPMPOBaHNEM
06beanHEHHbIX U3BMEYEHNIN O COOTHOLLEHWS Chipbe : FOTOBbIN NPoAyKT — 1 : 1. CanoHWHbl nccnegoBany MeTogom
BbICOKO3(P(PEKTMBHOW XNOKOCTHON XxpoMaTorpachum (BOXKX).

Pe3ynbraTbl n nx obeyxpaeHune. Npu xpomatorpadmnyeckomM N3yHeHnn SKCTPaKTOB TPaBbl NOAMapPEHHMKa LienKo-
ro N NoOAMapeHHNKa HacTOSILLEro BbISIBIEHO, YTO B HUX coaepaTcs 6 1 7 CanoHMHOB COOTBETCTBEHHO. CoednHeHus
OTHOCHATCS K K ypcaHOBOMYy (ypcoroBas, ayckadoBas, TOPMEHTUHOBASA KMCMOTbI 1 yBaon), ofieaHaHOBOMY (OneaHo-
nosas kucnora) n nynaHosomy (6eTynuH u niyneon) tuny. B akcTpakTe n3 TpaBbl NOAMapeHHMKa Lienkoro 6onbLue
COEePXKMTCH canoHWHOB Tuna ypcaHa (3,50 Mr/mn), a AOMUHMPYOLLUM COeanHEHEM SABMSETCA dyckadoBas Kucnora
(3,34 mr/mn). B akcTpakTe u3 TpaBbl NOAMapPEHHMKA HACTOSALLEro NPeBanupyoT canoHWHbl Tuna nynaxa (2,50 mr/mnn)
1 JOMVHUPYIOLLMM coeanHeHnem sensietca nyneon (1,60 mr/mn).

BbiBoAbl. [NonyyeHHble pe3ynsTaTbl CBMAETENbCTBYIOT O NEPCNEKTUBHOCTM AanbHenwero yrinybneHHoro nayye-
HWUSE XUMWYECKOTO CoCTaBa U (hapMaKkorormyeckon akTMBHOCTM SKCTPaKTOB XUAKNX 13 TpaBbl MOAMapEHHUKa Lenkoro
1 NOAMapeHHUKa HaCTOSILLErO.

Knrodeenle cnoea: nogmMapeHHUK LenKun; nogMapeHHUK HaCTOSLLMI; SKCTPAKT XKUOKMI; canoHuHbl; BOXKX
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Among the representatives of Galium L. genus of
Rubiaceae Juss. family cleavers (Galium aparine L.) and
lady’s bedstraw (Galium verum L.) belong to plants with
the largest raw material base, they are distributed throughout
the temperate zone of Europe, Asia and North America [1].

The herb of cleavers and lady’s bedstraw is used for
liver diseases, edemas, involuntary urination, painful uri
nation, kidney stone disease, inflammation of the kid-
neys and bladder, inflammation of the stomach, intes-
tines. Oil infusions of the cleavers herb are used exter-
nally for skin diseases, rashes, eczema, shingles, skin
cancer [2-6].

A considerable number of works of scientists in many
countries is devoted to the study of the chemical com-
position of the herb of G. aparine and G. verum [7-10].
Mainly phenolic compounds and terpenoids in the com-
position of essential oils were studied. In the samples
of the herb of G. verum from Moldova a steroid com-
pound of S-sitosterol and triterpenoid — oleanolic acid
were found [11], in the samples from China there were
a-amyrin derivatives: ursolic acid, ursolic aldehyde and
rubifolic acid [12]. Among other types in the herb of
G. rivale the derivatives of oleanolic acid — rivalosides
A-E and momordin IIb were identified [13-15].

Many scientific publications are devoted to the study
of such pharmacological activity of triterpenic acids as
anti-inflammatory, antimicrobial, antiviral, cytotoxic, as
well as their effect on the cardiovascular system [16-20].

The aim of this work was to study saponins in the
extracts of the herb of G. aparine and G. verum.

Materials and methods

The raw material was collected at the flowering stage
of plants in June, 2017: the herb of cleavers — in the Bo-
tanical garden of the National University of Pharmacy
(NUPh, Kharkiv, Ukraine), the herb of lady’s bedstraw —
near the village of Rus’ki Tyshky of the Kharkiv region.

To obtain the liquid extracts 10.0 g of the air-dry
crushed raw material was placed in a flask, 100 ml of
96 % ethanol was added and heated with a reflux con-
denser on a boiling water bath for 30 min. After cooling
the content of the flask was filtered, and the volume of
the resulting solution was measured. The procedure was
repeated twice under the same conditions. The filtrates
were combined and concentrated under vacuum in a ro-
tary vacuum evaporator to the ratio of the raw mate-
rial — finished product of 1 : 1; thus, 10 ml of the liquid
extract was obtained.

The qualitative composition and quantitative con-
tent of saponins were studied by the method of high-per-
formance liquid chromatography (HPLC) on a Shimadzu
LC20 Prominence liquid chromatograph in the modular
system equipped with the 4-channel pump LC20AD,
the column thermostat CTO20A, the automatic sampler
SIL20A, the diode array detector SPDM20A and Chem
Station LC20 in the following chromatographic condi-
tions: the X-Bridge C18 chromatographic column with
the size of 150 X 4.6 mm and the particle size of 5 pm
(Waters company); the column temperature — 30 °C; the
detection wavelength — 205 nm; the flow rate of the mo-
bile phase — 1.0 ml/min; the injection volume — 20 pl;

Table 1

The chromatographic analysis of solutions
of the reference samples

Compounds Retentiqn time, Apae M
min

Euscaphic acid 8.53 200
Tormentic acid 12.68 200
Betulin 14.57 200, 234,322
Oleanolic acid 16.25 200
Ursolic acid 17.29 200
Uvaol 22.80 200
Lupeol 48.13 203, 230

the mobile phase — methanol for HPLC : 0.2 % solution
of ammonium acetate (pH 6.75) in the ratio of 80 : 20;
the elution mode — isocratic.

Identification of the components was carried out by
the retention time and compliance of UV spectra with
reference substances [21-23]. Triterpenic saponins was
detected at 205 nm based on their absorption maximum at
200-210 nm.

The quantitative determination of individual compo-
nents in ethanol extracts of the raw material was carried out
using the external solutions of reference samples (Tab. 1).

The content of substances in the liquid extracts was
calculated by the formula:

Apr'mst.P

A,-V, -100

where: 4, — is the peak area of the substance on the
chromatogram of the test solution; 4, — is the peak area
of the substance on the chromatogram of the reference
solution; m_, — is the weight of the standard sample of
the substance in the reference sample solution, mg; V., —
is dilution of the reference solution, ml; P — is purity of
the reference sample, %.

Results and discussion

The liquid extracts obtained are a thick green liquid
with a specific odor.

The chromatographic analysis of saponins in the extract
from the herb of cleavers 20 saponins were found, 6 sa-
ponins of them were identified; in the extract from the
herb of lady’s bedstraw there were 26 saponins, 7 of them
were identified (Fig. 1-2, Tab. 2).

The chromatographic separation of oleanolic acid
and ursolic acid is often hindered by the similarity of their
chemical structure. On this basis the optimal chromato-
graphic conditions and the type of the stationary column
phase were selected, they allowed to achieve the sepa-
ration index of these pentacyclic triterpenic acids of ap-
proximately 1.2. The retention time for oleanolic acid
was 16.247 min, for ursolic acid — 17.288 min (Fig. 3).

As aresult of the studies conducted the content of 6
and 7 saponins, respectively, was identified and deter-
mined in the liquid extracts of the herb of cleavers and
lady’s bedstraw (Tab. 2).

The compounds identified belong to ursane (urso-
lic, euscaphic, tormentic acids and uvaol), oleanane

X, mg/ml =
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Fig. 1. The scheme of the chromatogram of saponins in the extract of Cleavers

Table 2
Saponins of the liquid extracts of the herb of cleavers and lady’s bedstraw

Galium aparine L. Galium verum L.
Compounds . . . The content' of the . . . The content' of the
Retention time, min substance in the Retention time, min substance in the
extract, mg/ml extract, mg/ml
Euscaphic acid 8.22 3.34 8.44 0.87
Tormentic acid 12.97 0,02 13.03 0.004
Betulin 14.60 0.62 14.45 0.89
Oleanolic acid 16.30 0,21 16.43 0.48
Ursolic acid 17.28 0.13 17.47 1.04
Uvaol - 0.00 22.98 0.01
Lupeol 49.68 1.20 49.40 1.60
In total 5.52 4.894
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Fig. 2. The scheme of the chromatogram of saponins in the extract of Lady’s bedstraw



ISSN 2415-8844 (Online)

VISNIK FARMACII 4 (96) 2018

ISSN 1562-7241 (Print) 19

u¥

100000

TA000~

Sn000-

25000~

Oleanolic acid

Ursolic acid

T T T
TS5 100 125 150

T T T T
17.5 an.0 225 250

i

Fig. 3. The typical chromatogram of the mixture of reference compounds of ursolic acid and oleanolic acid for separation

(oleanolic acid) and lupane (betulin and lupeol) type.
The UV spectra of compounds are presented in Tab. 3
It has been found that the qualitative composition
of saponins in the liquid extracts of lady’s bedstraw and
cleavers is similar. Of saponins identified only the extract
of lady’s bedstraw contains uvaol. Quantitatively, eus-

caphic acid (3.34 mg/ml) prevails in the extract of clea-
vers, whereas in the extract of lady’s bedstraw lupeol
(1.60 mg/ml) is dominant.

In the extract of cleavers ursane derivatives are do-
minant; their content is 3.50 mg/ml, the content of lu-
pane derivatives is 1.82 mg/ml, oleanane — 0.21 mg/ml.

Table 3
Characteristics of saponins identified in the extracts of the herb of cleavers and lady’s bedstraw
Two-dimensional structural
Compounds UV-spectrum
formula
1 2 3
mATT
350
300-
250
. . 200
Ursolic acid 150
100 256276 335 400 77 5062132551 667
50 P! ! ! 1 [ !
D, | e
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Continuation of the Table 3

Uvaol

Oleanolic acid

2680 426 434 537 645 05 T4l TFIIN4
[ [ 1 | 1 1 1 [

T
200

T ' AR

[ T K
300 400

T
00 I [

30 7b

nm

o 100
Betulin

B s
1 1

T
200

T
A B I L B L

T R
00 600

Lupeol

L3
B
=
&
5

647
1

7E||5 7%?6764
[

T
200

.«4:4\&%
Tt T

T ir
00 600 700

In the extract of lady’s bedstraw lupane derivatives pre-
vail; their content is 2.50 mg/ml, the content of ursane
derivatives is 1.92 mg/ml, oleanane — 0.48 mg/ml.

The results of the study confirm the data of the pre-
vious works on the presence of triterpenoids of the ur-
sane type — ursolic acid in lady’s bedstraw [12].

For the first time euscaphic acid, tormentic acid, betu-
lin and lupeol were found in cleavers and lady’s bedstraw.
Uvaol was identified for the first time in lady’s bedstraw.

The presence of the dominant compounds — eusca-
phic acid, lupeol, ursolic acid and betulin in the extract
of cleavers and lady’s bedstraw creates the basis for pre-
dicting such types of the pharmacological activity as hypo-
glycemic, anti-inflammatory, antimicrobial, antiprotozoal,
anti-tumor, antiviral, antiproliferative, anti-angiogenic
and hypocholesterolemic ones [24-28].

The dominance of euscaphic acid in the liquid ex-
tract from the herb of cleavers suggests the expediency

of studying its hypoglycemic activity, while the domi-
nance of lupeol together with ursolic acid in the liquid
extract from the herb of lady’s bedstraw indicates the
prospects of the study of its anti-tumor action.

CONCLUSIONS

1. In the liquid extracts obtained from the herb of
cleavers and lady’s bedstraw the content of 6 and 7 sapo-
nins, respectively, has been identified and determined;
they belong to ursane (ursolic, euscaphic, tormentic acids
and uvaol), oleanane (oleanolic acid) and lupane (betu-
lin and lupeol) type. Uvaol has been detected only in
the extract from the herb of lady’s bedstraw.

2. In the extract of cleavers ursane derivatives are
dominant; their content is 3.50 mg/ml. In the extract of
lady’s bedstraw lupane derivatives prevail; their content
is 2.50 mg/ml.

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