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SUMMARY
Considering the important role of carboxylic acids in the metabolic processes occurring in 

living organisms, an urgent task of modern pharmacy is to search for their sources among poorly 
studied plants. For this purpose, a comparative study of the carboxylic acids of a number of plants of 
the numerous genus Astragalus was carried out. The objects of the study were astragalus white 
stem, astragalus licorice and astragalus sainfoin. For the first time, the qualitative composition and 
the quantitative content of carboxylic acids in the studied plants were determined by the method of 
gas-liquid chromatography-mass spectrometry. It has been established that the carboxylic acids of 
astragalus alba, astragalus licorice and astragalus sainfoin differ in quantitative content, but have a 
similar qualitative composition. 36 carboxylic acids were identified in the herb astragalus whitestem. 
The herb astragalus licorice and astragalus esparcet contains 37 compounds classified as carboxylic 
acids each. The results obtained indicate that the studied raw materials can be further used in 
medical and pharmaceutical practice as sources for the production of carboxylic acids and drugs 
based on them.
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RESUME
Considering the important role of carboxylic acids in metabolic processes occurring in living organisms, a 

very important problem is to find their sources among little-known plants. For this purpose, a comparative 
study of a number of carboxylic acids in numerous plants of genus Astragalus. The objects of study were 
Astragalus albicaulis, Astragalus glycyphyllus, Astragalus onobrychis. For the first time the method of gasliquid 
chromatography-mass spectrometry was used to establish a qualitative composition and quantitative content of 
carboxylic acid in the studied plants. It was found that the carboxylic acid of Astragalus albicaulis, Astragalus 
glycyphyllus and Astragalus onobrychis differ from each other in quantitative content, but have a similar 
composition. 36 carboxylic acids were identified in the herb Astragalus albicaulis. The herbs Astragalus 
glycyphyllus and Astragalus onobrychis contain 37 compounds classified as carboxylic acids. These results 
indicate that raw herbs can be further used in pharmacy and medical practice as sources for the production of 
carboxylic acids and medicines.

keywords:Astragalus albicaulis DC, Astragalus glycyphyllus L, Astragalus onobrychis L, carboxylic acids, 
gas-liquid chromatography-mass spectrometry.

INTRODUCTION
Indispensable participants in many metabolic processes occurring in the human body are 

carboxylic acids (a class of organic compounds whose molecules contain one or more functional 
carboxyl groups), and each of them has certain functions. Fatty acids protect the brain from aging 
and prevent the development of Alzheimer's disease; they are indispensable in the treatment of 
depressive and manic states [2, 4]. Deficiency of fatty acids leads to a weakening of the immune 
system, an increase in blood pressure, the development of allergic reactions and inflammatory 
processes [3, 10]. Organic acids (ascorbic, citric) maintain acid-base balance, are directly involved in 
the processes of digestion, activate intestinal motility, slow down the development of putrefactive 
diseases.
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bacteria and fermentation processes, reduce the risk of developing gastrointestinal diseases [14, 15]. 
Citric and malonic acids have cardioprotective activity [17], while lilac and vanilla acids have 
hepatoprotective activity [12]. A number of organic acids (malonic, oxalic, succinic) exhibit a growth-
stimulating effect when treated with plant seed solutions [1]. Phenolcarboxylic acids exhibit 
antibacterial and antioxidant activity [13, 16].

One of the most important tasks of modern pharmacy is to conduct research to find natural 
sources of biologically active compounds, including carboxylic acids. Among the little-studied plants, 
some species of the numerous genus of perennial plants Astragalus (Astragalus) of the legume 
family (Fabaceae) may be of interest. An analysis of literary sources shows that plants of the 
Astragalus genus contain a whole range of biologically active substances: flavonoids, tannins, 
triterpene saponins, polysaccharides, nitrogen-containing compounds, vitamins, and essential oils 
[6, 7, 8].

White-stemmed astragalus (Astragalus albi-caulis DC) (Fig. 1), licorice-leaved astragalus 
(Astragalus glycyphyllus L) (Fig. 2) and sainfoin astragalus (Astragalus onobrychis L) (Fig. 3) have long 
been used in folk medicine in different countries as anti-inflammatory , diuretics, lipid-lowering 
agents, in diseases of the cardiovascular system [9].

Rice. 1. Astragalus white stem (Astragalus albicaulis DC)

Rice. 2. Astragalus licorice (Astragalus glycyphyllus L)
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Rice. 3. Astragalus sainfoin (Astragalus onobrychis L.).

These plants are widespread in the European part of Russia, Western Siberia, and the Caucasus [7] 
and have a sufficient source of raw materials. However, their chemical composition is not well 
understood. All this indicates the relevance of studying these types of astragalus, therefore, the purpose 
of our study was a comparative study of the qualitative composition and quantitative content of carboxylic 
acids in the herb of white-stem astragalus, licorice-leaved astragalus and sainfoin astragalus.

MATERIALS AND METHODS
The object of the study was dry air-crushed grass of white-stemmed astragalus, licorice-leaved 

astragalus and sainfoin astragalus, harvested in 2016 in the Kursk region during the period of mass 
flowering of plants.

The study of the content of carboxylic acids in the grass of the studied plants was carried out by us by the method of gas-liquid chromato-mass 

spectrometry [5, 11]. To do this, 50.0 mg of air-dry crushed raw materials of Astragalus whitestem, Astragalus licorice and Astragalus sainfoin were placed 

in 2.0 ml Agilent vials, 50.0 μg of tridecane in hexane were added as an internal standard and 1.0 ml of methylating agent (14% BCl3in methyl alcohol, 

Supelco 3-3033). The mixture was kept in hermetically sealed vials for 8 hours at a temperature of 65°C. This time is necessary for the most complete 

extraction of fatty oil from the plant material, while it is also hydrolyzed into constituent fatty acids and methylated. Simultaneously, free organic and 

phenolcarboxylic acids are methylated. Next, the reaction mixtures were decanted from plant materials and diluted with 1.0 ml of purified water. The 

extraction of methyl esters of carboxylic acids was carried out with methylene chloride, after which they were chromatographed on an Agilent 

Technologies 6890 gas-liquid chromatograph with a 5973N mass spectrometric detector. Analysis conditions: chromatographic column - capillary 

INNOWAX, 30 m long, inner diameter 0.25 mm; carrier gas - helium, carrier gas velocity - 1.2 ml / min., sample volume - 2 µl; sample injection rate 1.2 ml/

min for 0.2 minutes; thermostat temperature programmable from 50°С to 250°С at a rate of 4°С/min.; sample injection heater temperature 250°C. 

Identification of carboxylic acids was carried out by comparison with known samples of methyl esters, as well as using the NISTOS5 and WILLEY 2007 mass 

spectra library with a total number of spectra of more than 470,000 in combination with AMDIS and NIST identification programs. The concentrations of 

individual carboxylic acids were calculated by the internal standard method [5, 11]. The determination for each type of raw material under study was 

carried out three times. Identification of carboxylic acids was carried out by comparison with known samples of methyl esters, as well as using the NISTOS5 

and WILLEY 2007 mass spectra library with a total number of spectra of more than 470,000 in combination with AMDIS and NIST identification programs. 

The concentrations of individual carboxylic acids were calculated by the internal standard method [5, 11]. The determination for each type of raw materials 

under study was carried out three times. Identification of carboxylic acids was carried out by comparison with known samples of methyl esters, as well as 

using the NISTOS5 and WILLEY 2007 mass spectra library with a total number of spectra of more than 470,000 in combination with AMDIS and NIST 

identification programs. The concentrations of individual carboxylic acids were calculated by the internal standard method [5, 11]. The determination for 

each type of raw materials under study was carried out three times.

RESULTS AND ITS DISCUSSION
The results of a comparative study of the qualitative composition and quantitative content of 

carboxylic acids of the herb astragalus white stem, astragalus licorice and astragalus sainfoin are 
presented in Table. 1 and in fig. 4–6.

Our studies have made it possible to establish that astragalus white stem, astragalus licorice 
and astragalus sainfoin contain a wide range of carboxylic acids represented by aromatic, aliphatic 
and heterocyclic compounds. Among the carboxylic acids of the studied astragalus species, 
representatives of dicarboxylic, phenolcarboxylic, hydroxycarboxylic and fatty acids were identified. 
Fatty acids, in turn, include both saturated and mono- and polyunsaturated compounds, and some 
of them (linoleic and linolenic acids) are indispensable for the human body. At the same time, the 
astragalus species studied by us have a similar qualitative composition, differing only in the 
quantitative content of the identified compounds.
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Rice. 4. Scheme of the chromatogram of the chromato-mass spectral analysis of carboxylic acids of astragalus
white stem.

Rice. 5. Scheme of the chromatogram of the chromato-mass spectral analysis of carboxylic acids of astragalus
licorice.

Rice. 6. Scheme of the chromatogram of the chromato-mass spectral analysis of carboxylic acids of astragalus
sainfoin.

36 carboxylic acids were identified in the herb Astragalus whitestem, of which 17 compounds 
belong to fatty acids and 7 to phenolcarboxylic acids. Among the saturated fatty acids, palmitic acid 
is predominant, among monounsaturated fatty acids, oleic acid occupies the first place in terms of 
quantitative content, among polyunsaturated fatty acids in the herb Astragalus white stem, the 
highest content of linoleic and linolenic acids is noted. Among phenolcarboxylic acids, ferulic and 
gentisic acids are dominant. In addition, white stem astragalus contains significant amounts of citric 
and malic acids (Table 1).
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The presence of 37 compounds classified as carboxylic acids was found in the herb Astragalus 
licorice, including 17 fatty and 8 phenolcarboxylic acids. Within each group of Astragalus licorice 
carboxylic acids identified by this method, the greatest amount is contained: among saturated acids, 
palmitic acid prevails, among monounsaturated acids, oleic acid, and among polyunsaturated fatty 
acids, linoleic and linolenic acids. Of the phenolcarboxylic acids of astragalus licorice, ferulic and p-
coumaric acids are predominant. This species also contains significant amounts of malic and malonic 
acids (Table 1).

In the herb Astragalus sainfoin, the presence of 37 carboxylic acids was also established, of 
which 17 are fatty and 8 are phenol carboxylic acids. Among the saturated acids of this type, palmitic 
acid is predominant, among monounsaturated acids - oleic, among polyunsaturated acids - linoleic 
and linolenic. Of the phenolcarboxylic acids, the highest content of ferulic and p-coumaric acids was 
noted (Table 1).

Thus, white stem astragalus, licorice astragalus and sainfoin astragalus can be used as sources 
for obtaining a number of carboxylic acids (citric, malonic, malic, succinic), including essential linoleic 
and linolenic acids.

Table 1
The composition of carboxylic acids of the herb astragalus white stem, astragalus licorice and

astragalus sainfoin

CONCLUSIONS

1. For the first time, the study of
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qualitative composition and quantitative content of carboxylic acids of white-stemmed astragalus, 
licorice-leaved astragalus and sainfoin astragalus.

2. It has been established that the studied species of astragalus contain a wide range of carboxylic acids,
have a similar qualitative composition, differing in the quantitative content of individual compounds.

3. The results obtained indicate that the studied species of astragalus in the future
can be used in medical and pharmaceutical practice as sources for obtaining citric, malonic, malic, 
succinic acids, as well as essential linoleic and linolenic acids.
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