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Introduction

Oxidative stress has attracted the interest of scientists 
since its discovery. In the human body, under normal 
conditions, there is a  balance between the natural 
antioxidant system and reactive oxygen/nitrogen 
species generated by the body and obtained from 
exogenous sources. The activation of free radical 
processes in the body and, as a  consequence, 
oxidative stress may lead to the development of 
various pathological conditions such as inflammation, 
carcinogenesis, ischemic and reperfusion tissue 
damage, atherosclerosis, diabetes, bronchopulmonary 
and neurodegenerative diseases1). Therefore, there is 
an urgent need for the development of drugs for the 
overcoming of oxidative stress. 

Natural antioxidants are widely used at present, 
and among them, the main plant antioxidants 
are represented by phenolic compounds (plants 
secondary metabolites). They participate in respiration, 
photosynthesis, formation of cell walls, adaptation and 
protection of plants from stress factors, and perform 
a reserve function. Phenolic acids and their derivatives 
are frequently considered to be among the most 
valuable antioxidants in plants. They are widespread 
in the plant world, being present in food products and 
herbal medicines. Antioxidant activity (AOA) of phenolic 
compounds depends on the structure, number, and 
position of hydroxyl groups in the aromatic nucleus 
and the degree of polymerization. Therefore, phenolic 
acids possess different antioxidant activity2). Numerous 
studies have shown that such phenolic acids as gallic 
acid, caffeic acid, and its esters (chlorogenic, chicoric, 
caftaric, and rosmarinic acids) play the main role in 
the total AOA of plants and natural products. These 
compounds have ortho-OH groups in the aromatic 
ring, which are responsible for high AOA3, 4).
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Summary

The phenolic acid composition of flowering 
Caragana frutex shoots was analyzed by the HPLC 
method. The quantitative content of seven phenolic 
acids and their derivatives has been determined: 
gallic, p-hydroxyphenyl acetic, chlorogenic, caffeic, 
р-coumaric, trans-ferulic, and sinapic) acids. Sinapic 
acid (513.0 µg/g) and chlorogenic acid (98.4 µg/g) 
predominate among phenolic acid derivatives. 
The antioxidant activity of Caragana frutex 
shoots determined by the ABTS method equaled 
9368.51 ± 30.07 µg/g expressed as Trolox equivalent.
Key words: Caragana fruitex (Russian pea shrub) • 
phenolic acids • antioxidant activity • HPLC • ABTS 
method

Souhrn

Složení fenolové kyseliny kvetoucích výhonků Caragana 
frutex bylo analyzováno metodou HPLC. Byl stanoven 
kvantitativní obsah sedm fenolických kyselin a jejich de-
rivátů: kyselina galová, p-hydroxyfenyloctová, chloroge-
nová, kávová, р-kumarová, trans-ferulová, sinapová). 
Kyselina sinapová (513,0 µg/g) a  kyselina chloroge-
nová (98,4 µg/g) převládají mezi deriváty kyseliny 
hydroxyskořicové. Antioxidační aktivita výhonků Ca-
ragana frutex stanovená ABTS metodou činila 9368,51  
± 30,07 µg/g, vyjádřeno jako ekvivalent Troloxu.
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Experimental part

Plant material
The object of the study was the flowering shoots of 
Caragana frutex (L.) K. Koch collected in May 2020 in the 
Kharkiv region of Ukraine. The samples were identified, 
and the voucher specimen has been deposited at the 
Department of Pharmacognosy, National University of 
Pharmacy, Ukraine. Collected plant material was air-
dried without access to light. Before the preparation of 
extracts Caragana frutex shoots were ground in a cross 
beater mill.

Determination of phenolic acids
Phenolic acids were qualitatively and quantitatively 
determined by the HPLC method using a  liquid 
chromatograph Agilent Technologies 1200. The 
separation of substances was carried out on 
a  chromatographic column Zorbax SB-Aq (150 mm  
× 4.6 mm, 3.5 µm), a diode-array detector was used for 
detection18). 

Samples of raw materials were prepared and analyzed 
as follows:

The quantity of approximately 0.5 g of the dry 
crushed plant material was accurately weighed and 
extracted with 10 mL of 60% methanol in an ultrasonic 
water bath for 4 hours. The extract was centrifuged 
at 3000 RPM and filtered through a  disposable 
membrane filter with pores of 0.22 μm and then 
chromatographed.

Methanol (А) and 0,1% formic acid solution in water 
(В) were used the mobile phase. The elution was carried 
out in this gradient mode: 0–25 min – А : В (1 : 3), 25 min 
– А : В (3 : 1), 27 min – А (100%), 35 min – А (100%). 
The flow rate through the column was 0.5 mL/min, the 
thermostat temperature was 30 °C, and the injection 
volume was 4 μL. The detection was carried out using 
a diode-array detector with signal recording at 250 and 
275 nm and recording absorption spectra in the range 
of 210–700 nm. Identification and quantitative analysis 
were performed using standard solutions of phenolic 
acids (gallic, p-hydroxyphenyl acetic, chlorogenic, 
caffeic, syringic, р-coumaric, trans-ferulic, and sinapic). 

The content of phenolic acids was expressed as the 
average mean of three replicates. The research results 
are shown in the table 1.

Caragana genus plants of the Fabaceae family caught 
our attention. They are rich in phenolic compounds 
such as hydroxycinnamic acids, coumarins, flavonoids, 
stilbenoids, lignans5–7). The antioxidant activity of the 
individual phenolic compounds and total fractions of 
biologically active substances of C. conferta, C. tibetica 
and C. microphylla was studied by various methods5, 8, 9).

Russian pea shrub (Caragana frutex (L.) K. Koch) is 
a deciduous branched shrub up to 2.0 m tall. Stipules 
are spiny and short. Leaves are palmate due to the 
reduced rachis, with two pairs of sessile, glabrous 
leaflets. Leaflet blades are obovate or truncate with an 
entire margin and a spiny pointed tip. Pea-like flowers 
are axillary, solitary, or in fascicles of two to three. The 
calyx is tubular or bell-shaped, with five teeth. Corolla is 
yellow. A pod is cylindrical, glabrous, many-seeded5, 10).

Caragana frutex has a  natural Eurasia area and 
forms thickets in forest, forest-steppe and steppe 
zones within European Russia, Ukraine, Moldova, 
Romania, Bulgaria, Russian Caucasus, western Siberia, 
Kazakhstan, Kyrgyzstan, western China11).

Russian peas hrub shoots contain vitamins; nitrogen-
containing compounds (allantoin, allantoic acid), amino 
acids, alkaloids, hydroxycinnamic acids (p-coumaric, 
caffeic, ferulic, chlorogenic, neochlorogenic), coumarins 
(umbeliferon, esculetin, scopoletin, bergapten, 
xanthotoxin), flavonoids (acacetin, 3-methylquercetin, 
isorhamnetin, kaempferol, quercetin, myricetin, 
isorhamnetin-3-O-glucoside, acacetin-7-O-glucoside, 
linarin, narcissin, isoquercitrin, rutin); condensed 
tannins; steroidal saponins. Caragana frutex is used 
in traditional Chinese and Tibetan medicine to treat 
a traumatic injury, sore and superficial infections, lumps 
in breasts, and menstrual disorders. Experimental 
pharmacological studies have shown that Russian 
peashrub possesses anti-inflammatory, membrane-, 
vaso-, cerebro- and hepatoprotective effects5, 6, 12–17).

The quantitative content of phenolic acids in the 
Caragana frutex shoots has not been determined 
previously. It should be noted that these phenolic 
compounds can contribute to a  higher antioxidant 
activity of plant materials and phytopreparations.

The purpose of our study is to determine the qualitative 
composition and quantitative content of phenolic acids 
in the Caragana frutex shoots and to evaluate the plant 
material antioxidant activity by ABTS method.

Table 1. Content of phenolic acids and their derivatives in the Caragana frutex shoots, µg/g of dry plant material

№ Phenolic acid Retention time, min Substance content

1 Gallic acid 4.76    13.6 ± 0.68

2 p-hydroxyphenylacetic acid 8.22       8.2 ± 0.41

3 Chlorogenic acid 9.96  98.4 ± 4.3

4 Caffeic acid 10.40  20.6 ± 1.2

5 Syringic acid 12.46 Not detected

6 p-coumaric acid 13.89  53.6 ± 2.4

7 Trans-ferulic acid 15.17      6.8 ± 0.39

8 Sinapic acid 15.61 513.0 ± 15.3
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According to the literature, many classes of phenolic 
compounds have antioxidant properties2–5, 19–21).  
Polar solvents are commonly used to extract 
phenolic compounds with antioxidant activity 
from plant raw material20, 21). As  shown previously, 
50% ethanol extracted most of the phenolic 
compounds (hydroxycinnamic acids and flavonoids) 
from Caragana frutex shoots16). Therefore, it was 
expedient to determine the antioxidant activity of 
the investigated raw materials using 50% ethanol 
as the extractant. It could be assumed that phenolic 
acids are the potential antioxidant components in 
Caragana frutex shoots.

The antioxidant activity of Russian pea shrub shoots 
has been determined by the ABTS method equaling 
9368.51 ± 30.07 µg/g expressed as Trolox equivalent. 

The obtained results indicate that Caragana frutex 
shoots are rich in phenolic acids and possess a  high 
antioxidant scavenging capacity. 

Knowledge of the antioxidants composition in  
the plant raw materials will help to select objects 
for further research, develop technology for 
obtaining phytopreparations, and suggest possible 
pharmacological effects for other screening stu- 
dies.

Conflict of interest: none.
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