Bionoria. Papmauin

UDC 615.07.322:547.1-32:582.664.3/.665.4:575.222.7:543.544.3

Liliia BUDNIAK

PhD, Associate Professor, Associate Professor at the Department of Pharmacy Management, Economics
and Technology, Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine,
Maidan Voli, 1, Ternopil, Ukraine, 46001 (stoyko_li@tdmu.edu.ua)

ORCID: 0000-0002-4869-1344

SCOPUS: 57211323941

Veronika SOLOHUB

PhD, Associate Professor, Associate Professor at the Department of Chemistry, Pharmaceutical Pharma Analysis
and Diploma, Ivano-Frankivsk National Medical University, Halytska str., 2, Ivano-Frankivsk, Ukraine, 76018
(nika.solo.ifnmu202 1 (@gmail.com)

ORCID: 0000-0001-7815-1587

Liudmyla SLOBODIANIUK

PhD, Associate Professor, Associate Professor at the Department of Pharmacognosy with Medical Botany,
Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Maidan Voli, I,
Ternopil, Ukraine, 46001 (husaklv@tdmu.edu.ua)

ORCID: 0000-0002-0400-1305

SCOPUS: 57211311669

Oleg GERUSH

Candidate of Pharmaceutical Sciences, Associate Professor, Chief of the Department of Pharmacy, Bukovinian
State Medical University, Teatralna sqr., 2, Chernivtsi, Ukraine, 58002 (gerush.oleg@bsmu.edu.ua)

ORCID: 0000-0001-9100-0070

SCOPUS: 55203615600

Kateryna YATSYUK

PhD, Assistant Professor, Assistant Professor at the Department of Pharmaceutical Management, Technology
of Drugs and Pharmacognosy, Ivano-Frankivsk National Medical University, Halytska str., 2, Ivano-Frankivsk,
Ukraine, 76018 (vatsyukcat@gmail.com)

ORCID: 0000-0003-1456-8601

Dzhamal RAKHMETOV

Corresponding member of NAS Ukraine, Doctor of Agricultural Sciences, Professor, Deputy director
for scientific work, M. M. Gryshko National Botanical Garden, National Academy of Sciences of Ukraine,
Sadovo-Botanichna str., 1, Kyiv, Ukraine, 01014 (rjb2000.16@gmail.com)

ORCID: 0000-0001-7260-3263

SCOPUS: 23475408100

Svitlana MARCHYSHYN

Doctor of Pharmaceutical Sciences, Professor, Head of the Department of Pharmacognosy with Medical Botany,
Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Maidan Voli, I,
Ternopil, Ukraine, 46001 (marchyshyn@tdmu.edu.ua)

ORCID: 0000-0001-9585-1251

SCOPUS: 57410602600

To cite this article: Budniak L., Solohub V., Slobodianiuk L., Gerush O., Yatsyuk K., Rakhmetov D., Marchyshyn S.
(2024). Doslidzhennia orhanichnykh kyslot u vytiazhtsi z travy shchavnatu (Rumex patientia L. X Rumex
tianshanicus Losinsk) metodom HKh/MS [Study of organic acids in shchavnat (Rumex patientia L. x Rumex
tianshanicus Losinsk) herb extract by GC/MS method)]. Fitoterapiia. Chasopys — Phytotherapy. Journal, 4,232-238,
doi: https://doi.org/10.32782/2522-9680-2024-4-232

STUDY OF ORGANIC ACIDS IN SHCHAVNAT (RUMEX PATIENTIA L. x RUMEX
TIANSHANICUS LOSINSK) HERB EXTRACT BY GC/MS METHOD

Actuality. Shchavnat (Rumex patientia L. x Rumex tianshanicus Losinsk) is a valuable fodder, vegetable, food, and medicinal plant
developed by scientists from the Department of Cultural Flora of the M. M. Hryshko National Botanical Garden in Ukraine through the
crossbreeding of spinach sorrel and Tianshan sorrel. Shchavnat is a source of protein, vitamins, organic and fatty acids, amino acids,
macro- and microelements, lipids, and carotenoids, and it has a high caloric value. It is recommended in the form of dietary supplements
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for iron-deficiency anemia, vitamin C and A deficiency, atherosclerosis, and chemical intoxication. Considering shchavnat s wide range of
biological activity, it is appropriate to obtain and study phytosubstances based on the raw materials of this plant.

The aim of the research was to establish the qualitative composition and determine the quantitative content of individual organic
acids in the extract of shchavnat herb using the GC/MS method.

Materials and methods. The extract from shchavnat herb was obtained using the maceration method with a forced flow of the extractant,
employing 70% ethanol as the solvent at a raw material to solvent ratio of 1:5. The herb of shchavnat was collected in 2023 at the research
plots of the Department of Cultural Flora of the M. M. Hryshko National Botanical Garden of the National Academy of Sciences of Ukraine.

The organic acids in the obtained extract of shchavnat herb were identified, and their quantitative content was determined using
the GC/MS method.

Results and discussion. The qualitative composition and quantitative content of organic acids in the extract of shchavnat herb were
determined using the GC/MS method. Five organic acids were identified: oxalic, succinic, malic, citric, and cis-aconitic acids. The
obtained extract had a high content of citric acid (34.70 ug/mL). The content of malic and succinic acids in the extract of shchavnat
herb was somewhat lower, amounting to 14.63 ug/mL and 11.65 ug/mL, respectively. The quantitative content of oxalic (3.04 ug/mL)
and cis-aconitic (2.97 ug/mL) acids was significantly lower.

Conclusion. The results of the research indicate that the extract of shchavnat herb contains organic acids. The following organic
acids were identified in the obtained extract: citric, malic, succinic, oxalic, and cis-aconitic acids. Among them, citric, malic, and
succinic acids were dominant. The obtained research results can serve as a basis for further pharmacological studies and be used in
the development of medicines and dietary supplements based on shchavnat.

Key words: shchavnat, Rumex patientia L. X Rumex tianshanicus Losinsk, herb, extract, organic acids, GC/MS.
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JOCJIAKEHHSA OPTAHIYHUX KUCJIOT Y BUTAXKII 3 TPABU IITABHATY
(RUMEX PATIENTIA L. x RUMEX TIANSHANICUS LOSINSK) METOJOM I'X/MC

Axmyansuicme. [LJasnam (Rumex patientia L. x Rumex tianshanicus Losinsk) — yinna kopmosa, 08ouesa, Xapuoea ma iikapcoka
pocauna, sika 6yna eusedena sueHUMU 8I00LLY KyibmypHoi ¢nopu Hayionanonozo bomaniunozo cady imeni M.M. I puwura HAH Ykpa-
THU WAAXOM CXPeuyBanHs WNUHATNHORO MA MAHb-UAHCHK020 wasnio. Lljasnam € odcepenom binka, 8imaminis, opeaniuHux ma sicup-
HUX KUCLOM, aAMIHOKUCTOM, MAKPO- Ma MIKpoereMenmis, 1inidie ma kapomunoioie i mae ucoxy xanopiimicnmy. Hozo pexomendyioms
¥y 6uensa0i diemuyHux 006asok npu 3anizodegiyumnii anemii, degpiyumi eimaminie C i A, amepockieposi ma XiMiunitl IHMOKCUKAYL.
Vpaxosyiouu wupoxuii cnexkmp 6ionociunoi akmusnocmi wjagnany, 0oyilbHO ompumamu ma eusyumu gimocyocmanyii Ha 0cHOSI
CUPOBUHU Yi€T POCTIUHU.

Mema oOocnioscennsn. Ycmanosumu sKiCHULL CKIA0 MA SUHAYUMU KUIbKICHUL YMICT [HOUBIOYAIbHUX OP2AHIYHUX KUCTIOM
v eumsdicyi 3 mpasu wasnamy memooom I'’X/MC.

Mamepian i memoou. Bumsasicky 3 mpasu wasnamy 00epiicysa Memooom mayepayii 3 npumycogoio nooauero ekcmpazeHma,
suxopucmogyiouu 70% emanon sk excmpazenm y cnie8iOHOWeHHi cuposunu 0o ekcmpazenma — 1:5. Tpasy waenamy 6yno 3i6pano
¥ 2023 p. na docnionux oinanxax 6iooiny kynemypnoi ¢nopu Hayionansnozo bomaniunozo cady im. M.M. I'puwxa HAH Yrpainu.

Opeaniuni Kuciomu 6 OmpumManii umaAxXcyi 3 mpasu wasHamy Oyau i0oeHmughikogami, ma U3HAYeHo ix KiIbKICHUU yMicm memo-
odom I'’X/MC.

Pezynomamu 0ocnioscenns. 3a 0onomozoro memody I'X/MC 6yno ecmanosneno AKicHutl ckaao ma 6U3HAYeHo KLbKICHUL yMicm
Op2aHiYHUX KUciom y eumsicyi 3 mpasu wjasnamy. loenmugikosano n’simev opeaniunux KUCIOmM: wjagnegy, Oypumunogy, A0myumy,
JIUMOHHY Ma Yuc-aKoHimosy. B ompumaniii sumsicyi 6UsHAUeHo GUCOKULL yMICm TUMOHHOL kuciomu — 34,70 mxe/mn. Ymicm sabnyunoi
ma Oypuwmunogoi Kuciom y eumsicyi 3 mpasu wagnamy 0ye oewo meHwum i cmanous 14,63 mxe/mn i 11,65 mxe/mn 6ionosiono.
Kinvxicnuu ymicm maxux xuciom, ax waenesa (3,04 mxe/mn) ma yuc-axonimosa (2,97 mxe/mn), 6Y8 3HAUHO MEHUUM.

Bucnogox. Pezymomamu 00CniodicenHs ceiouamnp, wo SUMSANCKA 3 Mpasu WAHAmy MICmums OpPaHiuni Kuciomu. B ompumaniil
eumsicyi 6y i0eHmughikosani maxi Opeaniumi KUCIOMU. TUMOHHA, A0TYYHA, OYpUIMuH08a, wasiesa ma yuc-akonimosa. Cepeo nux 0omi-
HYBAU TIUMOHHA, A0TYYHA ma 6ypumunosa kuciomu. Ompumani pesyromamu 00CTOHCEeHb MOXCYIb OYMU OCHOB00 OIS NOOATLUUX pap-
MAKONOIUHUX OOCTIONHCEHb MA BUKOPUCTIOBYBAMUCS NIO YaAC PO3POOIEHH NKAPCLKUX 3ac0Di6 Ma JIEMUYHUX 000A60K HA OCHOBI WABHAMY.

Knrwuosi cnosa: waenam, Rumex patientia L. X Rumex tianshanicus Losinsk, mpasa, eumsiicka, opeaniuni xuciomu, I'’X/MC.

Introduction. Topicality. The search for and
research of new plants and the development of medicines
and dietary supplements based on them are relevant for
modern pharmacy.

Herbal medicines are widely used in traditional
medicine in many countries around the world (Budniak,
2023). Due to their beneficial properties, plant-based
remedies constitute a significant portion of the total
number of medicinal products used in modern medicine
(Hudzenko, 2012). Herbal medicinal products have an
advantage over synthetic ones, as they rarely cause side
effects and are well-tolerated by patients of different
ages (Budniak, 2024).

In the 1990s, scientists from the Department of Cultural
Flora of the M. M. Hryshko National Botanical Garden
in Ukraine conducted breeding work by crossbreeding
spinach sorrel (Rumex patientia L.) and Tianshan sorrel
(Rumex tianschanius Losinsk). The resulting hybrid
successfully passed all necessary tests and was included
in the State Register of Plant Varieties of Ukraine
(Rakhmetov, 2006; Bazhay-Zhezherun, 2014).

Shavnath (Rumex patientia L. X Rumex tianshanicus
Losinsk) is a valuable fodder, vegetable, food, and
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medicinal plant. It plays an important role as a bioenergy
plant, with its biomass used as a raw material for the
production of bio-oil, biogas, bioethanol, or solid biofuel
(Rolinec, 2018). In 2005, shavnath was registered
in the European Union as an energy plant. Shavnath
has pleasant taste qualities and can be used in dietary
nutrition (Rakhmetov, 2008). It is a source of plant-based
biologically valuable plant-based protein, macro- and
microelements, vitamins, organic acids, lipids, amino
acids, carotenoids, fatty acids, and has high caloric
value. The most valuable components of shavnath are
the high content of ascorbic acid and carotene in its
leaves (Bazhay-Zhezherun, 2014).

Shavnath is recommended in the form of dietary
supplements for iron deficiency anemia, chemical
intoxication, atherosclerosis, vitamin C and A
deficiencies, as well as for other diseases. Over 30 recipes
have been developed for public catering, including
cold appetizers, first and second courses, desserts, and
beverages based on shavnath (Silka, 2017).

After conducting an analysis of the pharmaceutical
market for medicinal products registered in our country,
it was established that there are no medicinal products
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based on shavnath raw materials in Ukraine (State
register of medicines of Ukraine, http://www.drlz.com.ua;
Compendium. Medicines, https://compendium.com.ua).

Considering that shavnath is still understudied,
further research and investigation of extracts and
phytosubstances obtained from this plant remain
relevant.

The aim of the study was to establish qualitative
composition and determine the quantitative content of
individual organic acids in extract of shchavnat herb
using the gas chromatography/mass spectrometry (GC/
MS) method.

Materials and methods of the study.

Plant material

The plant material used for the research was the herb
of shchavnat (Rumex patientia L. X Rumex tianshanicus
Losinsk), which was collected in 2023 during the
flowering period at the research plots of the Cultural
Flora Department at the M. M. Hryshko National
Botanical Garden of the National Academy of Sciences
of Ukraine (Kyiv). The herb was dried in a warm-air
convection dryer at a temperature of 40°C and stored in
paper bags in a dry place (Slobodianiuk, 2022).

Obtaining the extract

To obtain the extract from shchavnat herb, 70 %
ethanol was used as an extractant at a raw material to
extractant ratio of 1:5, and the maceration method with
forced extractant flow was applied.

Extraction of organic acids

An aliquot of the shchavnat herb extract (1000 uL)
was evaporated to dryness using a rotary evaporator at
a temperature of 40°C. To the dry residue, 600 pL of
methanol and 300 pL of 50% sulfuric acid were added
and thoroughly mixed. Methylation of organic acids was
carried out for several hours at 60°C. After methylation,
the mixture was cooled to room temperature, and
500 pL of chloroform and 500 pL of 6.0% potassium
carbonate solution were added and thoroughly mixed.
The chloroform phase was used for chromatographic
analysis.

Chromatographic conditions.

GC/MS analysis of organic acids was performed using
a gas chromatograph Agilent 6§90N with a mass detector
5973 inert (Agilent Technologies, USA). Samples were
analyzed using an HP-5MS capillary column (30 m
x 0.25 mm x 0.25 pm, Agilent Technologies, USA).
The evaporator temperature was set at 250°C, and the
interface temperature at 280°C. The separation was
carried out in temperature programming mode: the
initial temperature of 70°C was held for 1 minute, then
increased at a gradient of 5°C/min to 220°C and held
for 1 minute, followed by an increase at a gradient of
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10°C/min to 300°C. The final temperature was held for
5 minutes. A 1 pL sample was injected in split mode
with a flow ratio of 1:50. Detection was performed in
SCAN mode in the range of 38—400 m/z. Helium was
used as the carrier gas at a constant flow rate of 1.0 ml/
min (Budniak, 2021).

Identification of organic acids was carried out by
comparing the retention times of standards (oxalic,
maleic, succinic, benzoic, itaconic, malic, benzeneacetic,
a-ketoglutaric, salicylate, p-formylbenzoic, cis-aconitic,
vanillic, gentisic, citric, and isocitric acids) with the
the National Institute Standard and Technology (NIST
2008) database.

Results and discussion.

A total of five organic acids, namely oxalic, succinic,
malic, citric, and cis-aconitic acids, were identified and
quantified in the extract of shchavnat herb using the GC/
MS method (fig. 1).
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Fig. 1. Organic acids identified in the extract
of shchavnat (Rumex patientia L. %
Rumex tianshanicus Losinsk) herb

In plants, the content of organic acids varies with
seasonal, diurnal, species, and varietal changes, affecting
both the total content and qualitative composition.

Organic acids play a significant role in the
biochemical processes of mammals, particularly in the
Krebs cycle, where they contribute to the formation of
adenosine triphosphate, the primary source of cellular
energy (Dunn, 2023).

Organic acids exhibit a wide range of effects on
the human body and are commonly utilized in medical
practice for their antiseptic, detoxifying, and choleretic
properties (Krch, 2017; Panchal, 2021).

The results of the determination of the component
composition of organic acids in the extract of shchavnat
herb are presented in the table, and the chromatograms of
the organic acids of the studied object are shown in fig. 2.
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Fig. 2. GC/MS chromatogram of organic acids in the extract of shchavnat
(Rumex patientia L. x Rumex tianshanicus Losinsk) herb

Table

The results of the organic acids determination in the extract of shchavnat
(Rumex patientia L. x Rumex tianshanicus Losinsk) herb

N | Retention time, min | Common name of organic acid (IUPAC) Molecular formula | Quantitative content (ng/mL)
! 2.93 (ethan(zgia;iig) acid CH:0s 3.04
3 6.2 (butailéfi?gilg acid CaHsOs 11.65
5 8.44 (2S)-2-hydro51(\}//[§11itcanedi0ic) acid C:HeOs 14.63
16.33 (Z)-prop-l-enec-ii-;;o-ltlrlité(;rboxylic) acid CeHeOs 2.97
17.15 (2-hydroxypropane-?,ig,gc-tricarboxylic) acids Co:07 3470

As shown in Table, the highest content of citric acid
(34.70 pg/mL) was found in the extract of shchavnat herb.

This acid is a common plant metabolite, a natural
component, and the most universally and widely used
organic acid in pharmaceuticals and the food industry
compared to other organic acids. Citric acid and its salts
are used in industry for chelation, derivatization, and as
a buffering agent and pH regulator (Crolla and Kennedy,
2001; Celik, 2014).

The next most abundant identified organic acids are
malic and succinic acids, with their content in the extract
of shchavnat herb being 14.63 pg/mL and 11.65 pg/mL,
respectively.
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Malic acid is known as the “most ideal food acidity
agent”. In low concentrations, malic acid positively affects
the human body by improving appetite, boosting immunity,
promotingcollagensynthesis,and having anti-inflammatory,
anti-edematous, and laxative effects. Due to its antioxidant
properties, it is widely used in the food industry, medicine,
pharmaceuticals, and cosmetics. In cosmetics, it is included
in deep-cleaning and moisturizing products, as well as in
formulations aimed at wrinkle reduction and stimulating
collagen synthesis. In pharmaceuticals, malic acid is
used in the production of drugs and dietary supplements.
Additionally, it extends product shelf life by reducing the
presence of microorganisms. Malic acid is an essential
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organic acid and a low-calorie food additive (Chi, 2016;
Nazarko, 2022).

Succinic acid is a precursor to a significant number
of biologically active compounds and is particularly
important in the accumulation of succinate, a
mitochondrial metabolite. During ischemia, succinic
acid controls reperfusion injury by regulating the
production of mitochondrial reactive oxygen species
(Khvorost, 2023). The application of succinic acid,
which is an intermediate product of the Krebs cycle,
stimulates various physiological and biochemical
processes in plants. The effect of this acid is observed
even at relatively low concentrations and is explained
not only to the activation of photosynthetic processes but
also to the intensive synthesis of reduced forms of amino
acids. Moreover, succinic acid can modify enzyme
activity, increase seed germination and the productivity
of certain plant species, stimulate growth processes, and
enhance the synthesis of ascorbic acid.

The content of oxalic acid in the extract of shchavnat
herb was lower, amounting to 3.04 pg/mL. Oxalic acid is
characterized by prolonged action and metabolic stability.

Oxalic acid has the ability to selectively target malignant
cells, leading to the apoptosis of cancer cells, while not
affecting healthy cells in the body. This acid is used in the
production of a therapeutic anticancer drug (Khvorost, 2023).

Another organic acid found in the extract of the
studied plant was cis-aconitic acid. Pinto de Oliveira
et al. established that this acid has significant anti-
inflammatory effects in monosodium urate-induced
arthritis in mice and antigen-induced arthritis. This,
in turn, suggests its potential for the treatment of
inflammatory joint diseases in humans.

Conclusions

1. The results of the research indicate that the
extract of shchavnat (Rumex patientia L. X Rumex
tianshanicus Losinsk) herb contains organic acids.

2. The qualitative composition and quantitative
content of organic acids were studied using the GC/
MS method. Five organic acids were identified in
the extract of shchavnat herb, namely citric, malic,
succinic, oxalic, and cis-aconitic. Among them, citric
(34.70 pg/mL), malic (14.63 pg/mL) and succinic
(11.65 pg/mL) acids were dominant.
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