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Phenolic compounds of the liquid extract from cleavers 
herb (Galium aparine L.)

Aim. To study the qualitative composition and the quantitative content of phenolic compounds of the liquid extract 
obtained from cleavers (Galium aparine L.) herb.

Materials and methods. The extract of cleavers herb was obtained by triple extraction of the raw material with 
60 % ethanol when heating, followed by the concentration of the combined extracts to the ratio of the raw material : finished 
product of 1 : 1. The content of extractives was determined by the gravimetric method. Phenolic compounds were studied 
by the methods of high-performance liquid chromatography (HPLC) and UV-spectrophotometry.

Results and discussion. In the chromatographic study of the extract from cleavers herb 11 compounds of phe-
nolic nature were reliably identified, including 5 hydroxycinnamic acids – caffeic, сhlorogenic, neoсhlorogenic, 3,5- and 
4,5-dicaffeoylquinic acids; and 6 flavonoids – catechin, quercetin, quercitrin, isoquercitrin, rutin and hyperoside. Rutin 
(1.89 mg/ml) and сhlorogenic acid (0.78 mg/ml) were predominant compounds. In the spectrophotometric determina-
tion of total content of phenolic compounds it was found that the amount for hydroxycinnamic acids calculated with 
reference to сhlorogenic acid was 1.9 %, for flavonoids calculated with reference to rutin – 0.25 %, for polyphenolic 
compounds calculated with reference to gallic acid – 1.35 %. The dry residue was 24.63 %.

Conclusions. The significant content of extractive substances, flavonoids and hydroxycinnamic acids with pre-
dominance of rutin and сhlorogenic acid in the alcohol-water extract from cleavers herb indicate the feasibility of its 
further pharmacological study. 
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І. Л. Шинковенко, Т. В. Ільїна, А. М. Ковальова, О. В. Горяча, О. І. Голембіовська, 
Н. С. Шемчук, А. М. Комісаренко
Фенольні сполуки рідкого екстракту з трави підмаренника чіпкого 
(Galium aparine L.)
Мета роботи – дослідження якісного складу та кількісного вмісту фенольних сполук рідкого екстракту, 

одержаного із трави підмаренника чіпкого.
Матеріали та методи. Екстракт трави підмаренника чіпкого отримували шляхом триразової екстракції си-

ровини 60 % етанолом при нагріванні з подальшим концентруванням об’єднаних витяжок до співвідношення 
сировина : готовий продукт 1 : 1. Вміст екстрактивних речовин визначали гравіметричним методом. Фенольні 
сполуки досліджували методами високоефективної рідинної хроматографії (ВЕРХ) та УФ-спектрофотометрії.

Результати та їх обговорення. При хроматографічному дослідженні екстракту трави підмаренника чіпкого 
достовірно ідентифіковано 11 сполук фенольної природи, з яких 5 гідроксикоричних кислот – кофейна, хлороге-
нова, неохлорогенова, 3,5- та 4,5-дикофеїлхінні і 6 флавоноїдів – катехін, кверцетин, кверцитрин, ізокверцитрин, 
рутин та гіперозид. Домінуючими сполуками є рутин (1,89 мг/мл) та хлорогенова кислота (0,78 мг/мл). При спектрофо-
тометричному визначенні сумарного вмісту фенольних сполук встановлено, що сума гідроксикоричних кислот у 
перерахунку на хлорогенову кислоту складає 1,9 %, флавоноїдів у перерахунку на рутин – 0,25 %, поліфеноль-
них сполук у перерахунку на галову кислоту – 1,35 %. Сухий залишок становить 24,63 %.

Висновки. Значний вміст у рідкому спирто-водному екстракті з трави підмаренника чіпкого екстрактивних 
речовин, флавоноїдів і гідроксикоричних кислот з переважанням рутину і хлорогенової кислоти вказує на до-
цільність його подальшого фармакологічного дослідження. 

Ключові слова: підмаренник чіпкий; екстракт рідкий; фенольні сполуки

И. Л. Шинковенко, Т. В. Ильина, А. М. Ковалева, О. В. Горячая, Е. И. Голембиовская, 
Н. С. Шемчук, А. Н. Комиссаренко
Фенольные соединения жидкого экстракта из травы подмаренника цепкого 
(Galium aparine L.)
Цель работы – получение жидкого экстракта из травы подмаренника цепкого, изучение качественного состава 

и количественного содержания фенольных соединений жидкого экстракта травы подмаренника цепкого. 
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Материалы и методы. Экстракт травы подмаренника цепкого получали путем троекратной экстракции 
сырья 60 % этанолом при нагревании с последующим концентрированием объединенных извлечений до соот-
ношения сырье : готовый пролукт 1 : 1. Содержание экстрактивных веществ определяли гравиметрическим ме-
тодом. Фенольные соединения исследовали методами высокоэффективной жидкостной хроматографии (ВЭЖХ) 
и УФ-спектрофотометрии.

Результаты и их обсуждение. При хроматографическом изучении экстракта травы подмаренника цепко-
го достоверно идентифицированы 11 соединений фенольной природы, из которых 5 гидроксикоричных кислот – 
хлорогеновая, кофейная, неохлорогеновая, 3,5- и 4,5-дикофеилхинные и 6 флавоноидов – рутин, гиперозид, 
кверцетин, кверцитрин, изокверцитрин и катехин. Доминирующими соединениями являются рутин (1,89 мг/мл)  
и хлорогеновая кислота (0,78 мг/мл). При спектрофотометрическом изучении суммарного содержания феноль-
ных соединений установлено, что сумма гидроксикоричных кислот в пересчете на хлорогеновую кислоту состав-
ляет 1,9 %, флавоноидов в пересчете на рутин – 0,25 %, полифенольных соединений в пересчете на галловую 
кислоту – 1,35 %. Выход экстрактивных веществ составляет 24,63 %.

Выводы. Значительное содержание в жидком спирто-водном экстракте из травы подмаренника цепкого 
экстрактивных веществ, флавоноидов и гироксикоричных кислот, среди которых доминируют рутин и хлороге-
новая кислота, свидетельствует о целесообразности его дальнейшего фармакологического изучения. 

Ключевые слова: Подмаренник цепкий; экстракт жидкий; фенольные соединения

Cleavers (Galium aparine L.) herb of Rubiaceae Juss. 
family belongs to the cosmopolitan plants distributed in 
the temperate zone of Europe, Asia and North America. 

Cleavers herb is part of the homeopathic product 
Galium-Hel; it is also used in alternative medicine in ma- 
ny countries as a diuretic, choleretic drug in the treat-
ment of skin diseases, epilepsy and gout [1].

As a result of numerous foreign studies it has been 
found that cleavers herb contains iridoids: asperulosidic 
acid and 10-deacetylasperulosidic acid [2], monotropein, 
asperuloside, acumine, aucubin; alkaloids: protopine, har- 
mine, (±)-vasicinone, (-)-l-hydroxypeganine, (-)-8-hyd- 
roxy-2,3-dihydrodesoxypeganine [3]; п-hydroxybenzoic, 
сhlorogenic, caffeic, п-coumaric acids; flavonoids, anth-
raquinones, cholesterol, campesterol, stigmasterol, sito- 
sterol, Δ-[5]-avenasterol, Δ-[7]-stigmasterol, Δ-[7]-ave- 
nasterol [4]; polyphenolic compounds [5, 6]; phytoste- 
rols [7], saponins [8] and silicic acid. According to our 
previous studies sesquiterpenoids, squalene, aromatic 
compounds, higher alkanes and their derivatives, fatty 
acids, chlorophylls, and carotenoids were identified in 
cleavers herb [9]. 

The aim of our work was to study the content of 
phenolic compounds in the liquid extract obtained from 
cleavers herb.

Materials and methods
Cleavers herb was collected at the flowering stage in 

the Botanical garden of the National University of Phar-
macy (NUPh, Kharkiv, Ukraine) in June, 2017. The her-
barium sample is stored in the Herbarum (No. 53/2017) 
at the Department of Pharmacognosy of the NUPh.

To obtain the liquid extract, 100.0 g of the air-dry 
crushed of cleavers herb was placed in a flask, 1000 ml 
of 60 % 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, 100 ml of the liquid 
extract was obtained.

The content of extractives in the extract was deter-
mined by the gravimetric method [10]. Determination 
of the total content of different groups of phenolic com-
pounds was carried out on an Evolution 60 S UV-Visib- 
le spectrophotometer (Thermo scientific): hydroxycin-
namic acids – at λ = 327 nm calculated with reference 
to сhlorogenic acid [11, 12], flavonoids – using the method 
of differential spectrophotometry with aluminum chlo-
ride at λ = 410 nm calculated with reference to rutin [13], 
the amount of polyphenolic compounds – at λ = 270 nm 
calculated with reference to gallic acid [14, 15].

The content of phenolic compounds was studied by 
the method of high-performance liquid chromatography 
(HPLC) on a Shimadzu LC20 Prominence liquid chro- 
matograph in the modular system equipped with the 4-chan- 
nel pump LC20AD, the column thermostat СТО20А, 
the automatic sampler SIL20A, the diode array detec-
tor SPDM20A and ChemStation LC20. The chromato- 
graphic conditions were as follows: the Phenomenex 
Luna C18(2) chromatographic column with the size of 
250 мм × 4.6 mm and the particle size of 5 µm; the column 
temperature – 35 °С; the detection wavelength – 330 nm 
(for hydroxycinnamic acids, glycosides of flavonoids), 
370 nm (for aglycones of flavonoids), 280 nm (for tan-
nins); the flow rate of the mobile phase – 1 ml/min; the 
injection volume – 5 µl.

The mobile phase was eluent А – 0.1 % solution of 
trifluoroacetic acid in water, eluent B – 0.1 % solution 
of trifluoroacetic acid in acetonitrile in a gradient mode 
(Tab. 1).

Identification of the components was carried out by 
the retention time and compliance of UV spectra with 
reference substances [16-18].

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

where: Аpr – is the peak area of the substance on the 
chromatogram of the test solution; Ast – is the peak area 
of the substance on the chromatogram of the reference 
solution; P – is the activity of the reference standard, %; 
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Сst – is the concentration of substance in the reference 
solution, mg/ml.

Results and discussion
The liquid extract obtained is a thick liquid of a 

brown-green color with a specific odor.

As a result of the studies conducted the content of 
the main groups of BAS of phenolic character in the 
liquid extract of cleavers herb was determined (Tab. 2).

Using HPLC 11 compounds of phenolic nature were 
reliably identified, including 5 hydroxycinnamic acids 
and 6 flavonoids, in the extract obtained (Fig., Tab. 3).

In addition to the phenolic compounds reliably iden-
tified the presence of derivatives of сhlorogenic acid was 
also determined by the characteristic UV spectra.

Table 1
The chromatographic mode

The time of 
chromatography (min) Eluent А, % Eluent B, %

0-5 95 5
5-35 95 → 75 5 → 25

35-40 75 25
40-60 75 → 50 25 → 50
60-65 50 → 20 50 → 80
65-70 20 80
70-85 95 5

Table 2
The content of phenolic compounds in the liquid 

extract from Galium aparine herb

The BAS group Content, %
The amount of hydroxycinnamic acids 1.90
The amount of flavonoids 0.25
The amount of polyphenolic compounds 1.35
The content of extractives 24.63

Fig. The typical chromatogram of phenolic compounds of the liquid alcohol extract from cleavers herb

Table 3
Phenolic compounds of the liquid alcohol extract from Galium aparine herb

Compound Retention time, 
min

The content in the 
extract, mg/ml UV-spectrum

1 2 3 4

Neochlorogenic acid* 14.8-15.0 0.11
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For the first time quercitrin, neoсhlorogenic acid, 
3,5-dicaffeoylquinic and 4,5-dicaffeoylquinic acids were 
identified in the raw material of cleavers herb.

In the chromatographic study of the extract from 
Galium aparine herb apigenin and kaempferol were not 

detected. It confirms the data of previous researchers of 
the plant raw material of Galium aparine [6].

Therefore, it has been found by HPLC that the domi-
nant phenolic compounds are rutin and сhlorogenic acid 
(1.89 and 0.78 mg/ml, respectively). Flavonoids are pre-

1 2 3 4

Catechin 19.4 0.13

Chlorogenic acid 20.0-20.4 0.78

Caffeic acid 21.8-22.0 0.03

Rutin 39.9-31.0 1.89

Hyperoside 31.8-32.4 0.31

3,5-Dicaffeoylquinic acid * 35.0 0.48

Quercitrin 35.5-35.9 0.02

4,5-Dicaffeoylquinic acid * 37.0 0.13

Quercetin 46.6-47.2 0.03

Isoquercitrin 54.0 0.002

Note. * – determined and calculated with reference to сhlorogenic acid due to the absence of reference standards.

Continuation of Table 3
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dominantly presented by glycosides of quercetin and 
catechin. 

CONCLUSIONS
1. The liquid extract from Galium aparine herb with 

the content of extractives of 24.63 % has been obtained.
2. Using HPLC in the liquid extract from Galium 

aparine herb 5 hydroxycinnamic acids – caffeic acid, 
сhlorogenic acid, neoсhlorogenic acid, 3,5- and 4,5- 
dicaffeoylquinic acids; 6 flavonoids – catechin, quer- 

cetin, quercitrin, isoquercitrin, hyperoside and rutin 
have been identified, and their content has been deter-
mined.

3. The content of hydroxycinnamic acids has been 
determined by the method of spectrophotometry, it is 
1.90 %, for flavonoids – 0.25 %, and the amount of 
polyphenolic compounds – 1.35 %.
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