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CHOICE OF APPROACHES TO THE STANDARDIZATION
OF THE ORIGINAL PLANT COLLECTION “OPORNOFIT”

Actuality. Diseases of musculoskeletal system occupy 3rd place in the world in terms of prevalence. Plant remedies are used in the
therapy of such diseases.

The aim is to analyse the range of plant collections for the treatment and prevention of diseases of the musculoskeletal system
with the isolation of plant raw materials which are most often included in their composition to establish the most promising groups of
substances that cause pharmacological action, to confirm/cancel the prospects of their using in the development of methods for quality
control of the plant collection “Opornofit species”.

Material and methods. Content analysis of available sources of information. The component composition of organic acids was
determined by gas chromatography-mass spectroscopy and compounds of catechin — by high-performance liquid chromatography.

Research results. 1t was established that the composition of plant remedies and plant collections recommended for pathologies of
the musculoskeletal system includes plant raw materials from 89 plant species belonging to 32 families. The most common components
of the preparations are herb of Polygonum aviculare L., Hypericum perforatum L. and Thymus serpyllum L.; leaves of Urtica dioica L.
and Rubus fruticosus L.; flowers of Crataegus sanquinea Pall. and Matricaria recutita L.; fruits of Rosa majalis Herrm. and Crataegus
sanquinea Pall.; roots of Comarum palustre L. and Arctium lappa L. Analysis of the chemical composition of these types of plant raw
materials showed that the main factors of pharmacological activity are phenolic compounds and organic acids. Therefore, the study
of the qualitative composition of organic acids and catechins in the developed plant collection “Oprnofit” as potentially important
groups of biologically active substances for its standardization is relevant. The quantitative content of 8 organic acids and 4 catechins
in plant collection was identified and determined., The highest content was for the citric acid from the identified organic acids which
indicates the expediency of recalculating the quantitative determination of the total organic acids on it. Of the identified catechins,
the highest content was fort epicatechin and epicatechin gallate, therefore these compounds can be used as marker substances for the
identification of polyphenols.

Conclusion. As a result of the analysis of the component composition of plant remedies and plant collection which are recommended
for diseases of the musculoskeletal system, the types of plant raw materials that are most often included in their composition were
established. The chemical composition of these types of plant raw materials was analysed and the most promising groups of substances
that determine the pharmacological action of the preparations were established. For the first time, the quantitative content of 8 organic
acids and 4 catechins was identified and determined in the original plant collection “Oprnofit”. Given the dominance of citric acid
content (1 215,74 mg/g), it is rational to quantitatively determine the total organic acids in terms of citric acid. The highest content of
epicatechin from the identified catechins (3 301,38 mg/g) makes it possible to use this substance as a marker for identification (section
“Identification C” of the quality control methods). The results obtained will be used in the development of quality control methods for
the plant collection “Opornofit species”.

Key words: plant collection, musculoskeletal system, organic acids, catechins, standardization.
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BUBIP MIJIXOAIB 1O CTAHAAPTHU3AILII OPUTTHAJIBHOTO
BITUU3HSHOI'O POCJIMHHOTI'O 3B0PY «OIIOPHO®DIT»

Axmyansnicms. 3axeopio8anisam onopHo-pyxoeoi cucmemu naiexcums 3-me micye y ceimi 3a nowupenicmio. Y mepanii maxux
3aX60PI0BAHb BUKOPUCHIOBYIOMbCA POCIUHHI 3ACOOU.

Mema 0ocnioscennsa — npoananizy8amu AcCopmumMenn poCauHHUx 300pie 05 AiKy6aHHa ma npo@iiaKmuKu 3axeopioéats Onop-
HO-PYX06020 anapamy, 3 8UOLNEeHHAM POCIUHHOT CUPOBUHU, WO Hallyacmiuie 6X00ums 00 iXHb0O20 CKIady, 6CMAHOBUMU HAlINEPCNeK-
MUGHIWI 2PYNU PevosUH, AKI 3YMOBIIOI0Mb (QapmMaronociuny 0iio, 0as NiOMEepOHCeHHA/CKACY8AHHA NEPCREKMUSHOCI IX 8UKOPU-
cmanma nio yac po3poonents Memooie KOHmpouo AKocmi pocaunnozo 36opy “‘Opornofit species”.

Mamepian i memoou. Konmenm-ananiz oocmynnux oxcepen ingopmayii. Komnonenmuuil ckiao opeaHiunux KUCI0m eUSHA4aIu
MEMoOoM 2a30601 XPOMAMO-MaAC-CHeKMPOCKONIl, CNONYK KAMexiHO8OI npupoou — Memooom UCOKOepheKmusHoi piounHol xpomamo-
epaqii.

Pesynomamu oocnioxcenns. Bcmarnosneno, wjo 0o ckaady pociuHHux 36opie ma @imouais, AKi peKoMeHOYIOmbCa Y pasi HAA6HO-
cmi namono2iti ONOPHO-PYX080i cucmemit, 6xo0ums cuposuna 89 eudie pociun, wo Haredxcams 00 32 pooun. Hatiuacmiuie komnonen-
mamu 360pie € mpasa Polygonum aviculare L., Hypericum perforatum L. ma Thymus serpyllum L.; nucmsa Urtica dioica L. i Rubus
fruticosus L.; xeimxu Crataegus sanquinea Pall. i Matricaria recutita L.; nioou Rosa majalis Herrm. ma Crataegus sanquinea Pall.;
xopeni Comarum palustre L. i Arctium lappa L. Ananiz ximiunoco ckaady yux euodieé CuposuHu nokazas, w0 OCHOGHUMU YUHHUKAMU
hapmaronoeiunoi akmueHocmi € (enonvui CROAYKU 1t Opeaniyni Kuciomu. Tomy 00CniodcenHs AKICHO20 CKIA0Y OPSAHIYHUX KUCTOM
i Kamexinie y pospobuenomy pocaunnomy 360pi « OnopHohimy, sk ROMEHYItIHO 8AANCIUBUX 2pYyn OION0SIUHO AKMUBHUX PeyO8UH OJis
020 cmanoapmuzayii, € akmyanbHum. Y 300pi i0eHmu@ikoeano ma 6U3Ha4eHo KilbKichull emicm 8 opeaniunux kuciom i 4 kamexinie.
3 ioenmugixosanux opeaHiuHuX KUCIOM HAUBUWUTI BMICI NPUMAMAHHUU TUMOHHILL, WO C8IOUUMb NPO OOYITbHICb NPOBEOeHHs nepe-
PAXVHKY KIIbKICHO20 BUSHAYEHHA CYMU OP2AHTUHUX KUCIOM Ha Hel. 3 i0eHmughikoganux kamexinie Hateuwull BMicm npumamanHul eni-
Kamexiny 1l enikamexineananmy, momy yi CHOJIYKU MONCHA UKOPUCTOBYSAMU K PEUOSUHU-MAPKepU 05 I0eHmugikayii nonigenonis.

Bucnoeok. V pesynomami npogedenoeo ananizy KOMHNOHEHMHO20 CKAAOY POCAUHHUX 300pi6 i ¢imouais, sKi pexomenoyiomucs
6 pasi HAsAGHOCMI 3AXEOPI0BANL ONOPHO-PYX0GOI cucmeM, YCMAHOBIEHO UOU POCIUHHOI CUPOBUHU, WO Halvacmiue 8xo0ams 00
ixnvoco cknady. Ipoananizosano XimiuHuil CK1ad yux 6uUdi8 CUPOSUHU MA BCMAHOGLEHO HAUNEPCNEeKMUBHIWI SPYNU PEUOGUH, U0
3yMo8a1010Mmy hapmaronoziyny oito 36opis. Ynepuie 6 opueinanvromy pocaunnomy 300pi « Onoprnogimy ioenmugikosano ma eusna-
YeHo KinvKichuu emicm 8 opeaniunux xkuciom i 4 xamexiuis. 36ascarouu na 0oMiHy8anHa 3a emicmom aumonnoi kuciomu (1 215,74
MKe/2), payioHanbHO KINbKICHe 8USHAYEHHS CYMU OP2AHIYHUX KUCTIOM NPOBOOUMU 8 NePepaxyHKy Ha aumonny kuciomy. Haiieuwuil
emicm enikamexiny 3 ioenmugixosanux xamexinie (3 301,38 mxe/2) dae modciugicmes BUKOPUCTNOBYBAMU YIO PEYOBUHY K MAPKED
ons i0enmudpikayii’ (po3oin «loenmucpixayis Cy» npoexmy memoodie konmponio sikocmi). Ompumani pesynomamu 6y0yme 3acmoco8ani
6 PO3POONEHHT MemOoOi8 KOHMPOIO AKOCMI pociunHo20 360py “Opornofit species”.

Knrouogi cnosa: pocrunnuii 36ip, onopHo-pyxosea cucmema, op2aHiyii KUCIOMU, KAMeXiHu, CMaHOapmu3ayis.
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Introduction. Plant collections (PC) and plant teas
occupy a certain place in phytotherapy. Analysis of the
available range of these products showed that the largest
number of PC and plant teas on the market are for the
prevention and treatment of diseases of the respiratory,
digestive, cardiovascular, nervous and genitourinary
systems and for increasing immunity (Kompendium,
2025). At the same time, manufacturers use medicinal
plant raw materials (MPRM) of both pharmacopoeial
and non-pharmacopoeial kind, often do not indicate the
ratio of components and do not provide standardiza-
tion parameters both in terms of product labeling and in
terms of active substances.

Today diseases of musculoskeletal system occupy
3rd place in the world in terms of prevalence (Salieieva,
2023). These diseases often lead to limited mobility
of the patient and are accompanied by severe pain and
swelling (Lazko, 2021; Aloshyna, 2022). Given the pre-
dominantly symptomatic treatment, pharmacotherapy
suggests using nonsteroidal anti-inflammatory drugs,
glucocorticosteroids, analgesics and muscle relaxants
and plant medicines (PM) (ointment “Zhyvokost” by
PrJSC Pharmaceutical Factory “Viola”, “Tincture of
Zhyvokost” by LLC DKP “Pharmaceutical Factory”,
“Capsicum tincture” by PrJSC Pharmaceutical Factory
“Viola” etc.) and MPRM in the form of infusions, decoc-
tions, compresses, baths etc. (Derzhavnyi reiestr likar-
skykh zasobiv, 2025).

MPRM and products based on it exhibit a wide
range of biological activity (anti-inflammatory, analge-
sic, antimicrobial, antioxidant, diuretic, desensitizing)
and normalize metabolism due to the diverse content
of different groups of biologically active substances
(BAS): polyphenols (phenolcarboxylic acids, flavo-
noids, tannins), organic acids, carbohydrates, minerals,
vitamins (Baloch, 2021; Mechshanova, 2023; Savych,
2023: Salas-Arias, 2024). PM and MPRM in the therapy
of diseases of the musculoskeletal system are used as
long-term adjuvants with anti-inflammatory, analgesic,
anti-edematous, desensitizing effects.

Considering to prevalence of pathologies of the mus-
culoskeletal system, the importance of PC, which can be
used in the long-term treatment of these diseases, and
the possibility of obtaining various dosage forms from
them (tinctures, liquid, thick and dry extracts, granules,
capsules, tablets, ointments), it was relevant to monitor
the range of MPRM in PC available on the domestic
pharmaceutical market, analyze their chemical compo-
sition, and find out by which groups of BAS it is appro-
priate to standardize them.

This is also relevant because we developed the
composition of the original PC “Opornofit”. This PC
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includes plant raw materials of both pharmacopoeial
(Arctium root (Arctium lappa L., Arctium minus (Hill)
Bernh., Arctium tomentosum Mill.), rhizomes with roots
of Sanguisorba officinalis L. and herb of Bidens tripar-
tita L.) and non-pharmacopoeial (Rose root (Rosa maja-
lis Herrm., Rosa canina L.) and rhizomes with roots of
Rumex confertus Willd.) kind, which are used in tradi-
tional and evidence-based medicine as an anti-inflam-
matory, analgesic, diuretic, choleretic, antioxidant, anti-
microbial agent and contributes to the normalization of
metabolism (Khvorost, 2025, p. 170-178).

In the series of PC “Opornofit” we have established
the quantitative content of the main groups of BAS and
a number of commodity indicators of PC (fig. 1) (Opro-
shanska, 2024; Khvorost, 2025). Therefore, from the
point of view of developing a project of quality control
methods for PC “Opornofit species” the study of the
component composition of organic acids and catechins
as possibly promising groups of BAS for the standardi-
zation of PC “Opornofit” is relevant.

COmm—

- T

mineral compounds — 2,5% (at least
19 elements)

_——

total polyphenols — not less than

4,4% (in terms of pyrogallol)

_——

total hydroxycinnamic acids — not
less than 1,5% (in terms of
chlorogenic acid)

— T

total organic acids — not less than
2,2% (in terms of malic acid)
/\/\/

ORIGINAL PC “OPORNOFIT”

[ 1]

/\/\/
total ash — not more than 7,0%

_——  — M

— T

loss on drying — not more than
12,5%
/\/\/

Fig. 1. Qualitative composition of PC “Opornofit”

The aim is to analyze the range of PC for the treatment
and prevention of diseases of the musculoskeletal system
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with the release of MPRM, which is most often included in
their composition, to establish the most promising groups
of BAS that determine the pharmacological effect, to con-
firm/cancel the prospects of their use in the development of
quality control methods for PC “Opornofit species”.

We chose the following experimental design (fig. 2).

Determination of the component composition of established
promising groups of BAS in the original PC "Opornofit" for its
standardization

&

Fig. 2. Stages of the study

Materials and methods. Content analysis of available
sources of information about PC for the prevention and
treatment of musculoskeletal diseases with subsequent
interpretation of the results. For the research, we used PC
“Opornofit”, which was manufactured in the laboratory
of the Department of Pharmacognosy and Nutrition of the
National University of Pharmacy. The plant raw materials
were harvested during the corresponding growing seasons
in 2022 in the Kharkiv and Vinnytsia regions.

The component composition of organic acids was deter-
mined by gas chromatography-mass spectroscopy (GC/MS)
on the gas chromatography-mass spectrometry system Agi-
lent 6890N/5973inert (Agilent technologies, USA) according
to a known method (Agius, 2018; Budniak, 2024).

The component composition of catechin compounds
was determined by high-performance liquid chromatog-
raphy (HPLC) on the Agilent Technologies 1200 chro-
matograph (Agilent technologies, USA) according to a
known method (Li, 2019, p. 29-38).

Research results and their discussion. Regarding the
range of collections and plant teas recommended for use
in pathologies of the musculoskeletal system, it is quite
narrow (up to 10% of the total number of collections).

The composition of herbal medicines includes 12
types of plant raw materials (fig. 3). Most often, the plant
raw material is the above-ground part of plants: herb and
leaves and something less are underground organs (roots
and rhizomes).

. 196
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underground
organs
18%

shoots
1%

leaves
17%

Fig. 3. Types of MPRM which are the part of PC

The component composition of the analyzed collec-
tions is represented by plant raw materials of 89 plant
species belonging to 32 families, with 19 families repre-
sented by only one plant species. The names of families
that have several plant species as sources of plant raw
materials are given in fig. 4.

Salicaceae
Rutaceae
Rosaceae (=
Polygonaceae i
Poaceae
Lamiaceae — :
Fabaceae
Ericaceae
Brassicaceae
Betulaceae
Asteraceae
Apiaceae [ [6 ‘ ‘

0 2 4 6 8 10 12

Name of family

Number of plants

Fig. 4. Names of families to which belong plants
as source of MPRM

The number of components in the PC varies from 3 to
28 (fig. 5). Most often, these are seven-component PC.

6

o

Number of components in PC

Number of PC

Fig. 5. Number of components included
in the composition of PC
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On the fig. 6 shows the types of MPRM that are most
often included in the PC. So, the most common MPRM
in the collection were: herb — Polygonum aviculare L.,
Hypericum perforatum L. and Thymus serpyllum L.;
leaves—UrticadioicaL.andRubusfruticosusL.;flowers—
Crataegus sanquinea Pall. And Matricaria recutita L.;
fruits Rosa majalis Herrm. and Crataegus sanquinea
Pall.; roots Comarum palustre L. and Arctium lappa L.
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Fig. 6. Morphological groups of plant raw materials
in the PC, which are most often found: A — herb;
B —leaves; C — flowers; D — fruits; D — roots

Analysis of the chemical composition of these types
of MPRM demonstrated that phenolic compounds and
organic acids are one of the main factors in the inherent
pharmacological activity of the PC. Therefore, the next
stage of the work is the study of the qualitative composi-
tion of organic acids and catechins in the PC “Opornofit” as
potentially important groups of BAS for its standardization.

The results of studying the component composition
of organic acids of the PC “Opornofit” are shown in fig.
7 (GC/MS chromatogram) and fig. 8 (quantitative con-
tent of components).

In total, no less than 8 compounds were identified,
the total content of which was 3 487,37 pg/g. Of the
identified organic acids, citric acid is found in the larg-
est amount (its part is almost 35% of the total organic
acids). 26% of the total organic acids is accounted for
by oxalic acid and a slightly smaller content is inher-
ent in malonic acid (17% of the total organic acids). The
smallest amount of the identified acids in the collection
is a-ketoglutaric acid — a fairly common plant compo-
nent, which was found in a minor amount of 6,97 pg/g
(0,2% of the total organic acids) in the PC “Opornofit”.
Fumaric acid is also found in a small amount, its content
is 11,73 pg/g (0,3% of the total organic acids).

The results of studying of the component composi-
tion of catechins of the PC “Opornofit” are shown in fig.
9 (HPLC chromatogram) and fig. 10 (quantitative con-
tent of components).

Epicatechin was found in the largest amount in the
collection — 3 301,38 pg/g (40% of the total catechins)
from the identified catechins. The content of epicatechin
gallate was more than 1.4 times lower than the content
of epicatechin and was equal to 2 302,86 ng/g, which

16.297 - Gallocatechin
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Fig. 7. GC/MS chromatogram of organic acids of the PC “Opornofit”
(sample)

®diroTepanis. Yaconuc

Ne 2, 2025 197 ==




Bionoria. Papmauin

Content, mcg/g
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Fig. 8. Component composition of organic acids of the PC “Opornofit”
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Fig. 9. HPLC chromatogram of catechins of the PC “Opornofit” (sample)

is 28% of the total catechins. The content of catechin
is lower than the content of epicatechin and epicatechin
gallate by almost 1,9 times and 1,3 times, respectively.
The smallest amount was halocatechin (10% of the total
catechins). It is known that catechins exhibit strong anti-
oxidant properties (Musial, 2020, p. 1744).

Epicatechin, which is contained in the largest
amount in the collection “Opornofit”, has a positive
effect on skeletal muscles — on the differentiation of
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myoblasts and promotes mitochondrial biogenesis
and angiogenesis, which prevents the loss of mus-
cle mass. In skeletal muscles, epicatechin suppresses
the expression of atrogenes and, in combination with
physical activity, improves muscle function (German,
2024, p. 326). Of course, the presence of epicatechin
and other compounds of catechin nature determines the
pharmacological activity of the PC “Opornofit” and has
a positive effect on the formation of skeletal muscles in

Ne 2, 2025
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Content, mcg/g
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compound
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gallate

Fig. 10. Component composition of catechins of the PC “Opornofit”

potential consumers with diseases of the musculoskel-
etal system.

Therefore, considering to the component composi-
tion of organic acids in PC, it is advisable to determine
the quantitative content of total organic acids in the col-
lection in terms of citric acid. Taking into account the
quantitative content of identified catechins and polyphe-
nolic compounds, in chapter C of the quality control
methods for PC “Opornofit species” it is rational to iden-
tify polyphenolic compounds, using epicatechin, epicat-
echin gallate or catechin as marker substances.

Conclusions. As a result of the analysis of the com-
ponent composition of PC and plant teas which are
recommended for treatment of diseases of the muscu-
loskeletal system, were established the species of plant
raw materials that are most often included in their

composition. The chemical composition of these spe-
cies of plant raw materials was analyzed and the most
promising groups of substances that determine the
pharmacological action of the preparations were estab-
lished. For the first time, the quantitative content of
8 organic acids and 4 catechins was identified and deter-
mined in the original PC “Opornofit”. Considering to
the dominance content of citric acid (1 215,74 pg/g),
it is rational to determine quantitative content of
total organic acids in terms of citric acid. The high-
est content of epicatechin from the identified catechins
(3 301,38 pg/g) makes it possible to use this substance
as a marker for identification (chapter “Identifica-
tion C” of the quality control methods). The results
obtained will be used in the development of quality
control methods for PC “Opornofit species”.
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