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Species of Betonica L. genus are widespread in Ukraine and contain different groups of biologically active substances:
hydroxycinnamic acids, flavonoids, tannins, iridoids, terpenoids, steroids, essential oil, organic acids, vitamin K, nitro-
gen-containing compounds, phenylethanoid glycosides. Species of Betonica L. genus show a wide range of pharmaco-
logical activity (anti-inflammatory, antioxidant, choleretic, diuretic, sedative, antitumor, antihypertensive, etc.) and
phenolic compounds are one of the most important and promising groups of biologically active substances of these
plants.

The aim. The aim of the work was to conduct a comparative study of the phenolic compounds of the herb of Betonica L.
genus species of flora of Ukraine.

Materials and methods. The object of the study was the herb of Betonica peraucta and Betonica brachydonta harvested
in the phase of mass flowering of the plant in Ivano-Frankivsk region. The study of phenolic compounds was carried out
by paper chromatography, HPLC and spectrophotometry.

Results. 7 components of tannins, 4 flavonoids, 5 hydroxycinnamic acids, 2 coumarins were identified and quantified by
HPLC in the studied raw material. The quantitative content of the main groups of phenolic compounds in the herb of
Betonica peraucta and Betonica brachydonta was determined by the method of absorption spectrophotometry: poly-
phenols — 5.96 % and 4.82 %, tannins — 1.62 % and 0.68 %, flavonoids — 2.07 % and 1.13 %, hydroxycinnamic acids —
7.01 % and 3.58 %, respectively.

Conclusions. 4s a result of the conducted studies it was found that the content of phenolic compounds in the herb of
Betonica peraucta is significantly higher than in the herb of Betonica brachydonta. Therefore, this species is promising
Jor further research and creation of new drugs

Keywords: Betonica peraucta Klokov, Betonica brachydonta Klokov, herb, phenolic compounds, HPLC, spectropho-
tometry
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1. Introduction
Species of the Betonica L. genus are widespread

containing compounds of Betonica are represented by
betaine, trigonelline, and the alkaloids betonicin,

in Ukraine, they contain different groups of biologically
active substances (BAS) and have a diverse pharmaco-
logical effect. The raw material base of Betonica L. spe-
cies is sufficient, and at the same time these plants can be
cultivated in soil and climatic conditions of the Carpathi-
ans. This indicates the prospects for the use of Befonica
raw materials for the development of new herbal drugs.
Raw materials of the genus Befonica L. contain a
wide range of BAS: hydroxycinnamic acids and their
derivatives, flavonoids, tannins, iridoids, triterpenoids
and steroids, carotenoids, essential oil, organic acids
(including ascorbic acid), vitamin K, nitrogen-
containing compounds (including alkaloids). Nitrogen-
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stachidrine, betonite and choline. Befonica contains
phenylethanoid glycosides represented by six com-
pounds of similar structure named betoniosides A, B, C,
D, E, F and by acetoside. Among the terpenoids linalo-
ol, ocimene, phellandrene and terpinene are found as
well as sesquiterpenoids cadinene, cadinol, caryo-
phyllene, diterpenoid betonicolide and its glycoside
betonicoside B [1-5].

There are numerous data on studies of the chemi-
cal composition of species of the genus Betonica L.
growing in Japan, the Republic of Kosovo, Hungary,
Montenegro, Romania, Bulgaria, Lithuania, Poland, the
Balkans [1, 2, 4, 5]. However, the chemical composition



Scientific Journal «ScienceRise: Pharmaceutical Science»

Nel (29)2021

of species of the genus Betonica L. growing in Ukraine
has not been studied enough.

Analysis of scientific sources also indicates that
species of the genus Betonica L. show a wide range of
pharmacological activity (anti-inflammatory, antioxi-
dant, choleretic, diuretic, sedative, antitumor, antihyper-
tensive, etc.) [5—10]. Phenolic compounds are one of
the most important groups of BAS of these plants.
Therefore, it is important to conduct the comparative
phytochemical studies of phenolic compounds of the
aboveground parts of two species of the genus Betonica
L. growing in Ukraine, namely Betonica peraucta
Klokov and Betonica brachydonta Klokov.

The aim of the work was to conduct a comparative
study of phenolic compounds of the herb of Befonica L.
genus species of flora of Ukraine.

2. Resear ch planning (methodology)

Analysis of scientific publications indicates that
the chemical composition of Betonica L. genus species of
flora of Ukraine has not been studied enough [1-10].
Since phenolic compounds provide the pharmacological
action of the plant it was decided to conduct an in-depth
study of this class of compounds and to choose a more
promising species for further research. This study includ-
ed 5 stages (Fig. 1).

N
+analysis of data of domestic and foreign scientific publications concerning the chemical
composition of the raw material of Befonica L. genus species
1 J
N
e preliminary study of the composition of phenolic compounds in raw materials by the method
of two-dimensional paper chromatography
2 J
N
+identification and quantification of the components of phenolic compounds by HPLC
3 J
~
* quantitative determination of the main groups of phenolic compounds (total polyphenols,
tannins, flavonoids and hydroxycinnamic acids) by absorbtion spectrophotometry
4 J
N
*justification of the prospects for further phytochemical and pharmacological studies and
creation of new herbal drugs
5 J

Fig. 1. Planning of the research

3. Materials and methods

3.1. Plant material

The raw material for the phytochemical study of
phenolic compounds was the herb of Betonica peraucta
and Betonica brachydonta harvested in the phase of mass
flowering of the plant near the village of Bovshiv,
Halych district, Ivano-Frankivsk region (GPS coordi-
nates: 49.22580 northern latitude, 24.69623 east longi-
tude) and the village of Dora, Nadvirna district, Ivano-
Frankivsk region (GPS coordinates: 48.48293 northern
latitude, 24.55770 east longitude). The herb of Betonica
consists of whole or cut, dried, flowering tops of stems,
stem and basal leaves.

Harvesting and identification of morphologically
related Betonica species was carried out under the guid-
ance of Professor of Ivano-Frankivsk National Medical
University Hrytsyk A. R. and with the assistance of As-
sociate Professor of Biology and Ecology Department of
Vasyl Stefanyk Precarpathian National University
Shumska N. V. according to the botanical catalog [11].
The voucher specimens are stored at the Pharmacy De-
partment of Ivano-Frankivsk National Medical Universi-
ty, Ivano-Frankivsk, Ukraine.

3.2. Investigation of phenolic compounds by
paper chromatography

Separation of phenolic compounds was fulfilled
by two-dimensional paper chromatography. 2.0 g of herb
were extracted twice with 96 % ethanol (1:10) and twice
with 70 % ethanol (1:10). The resulting alcohol extracts
were combined, filtered, the ethanol was distilled off and
the aqueous residue was treated with ethyl acetate. Ethyl
acetate and aqueous fractions were, applied to “Filtrak
FN-1” chromatographic paper and studied in the follow-
ing solvent systems: 15 % acetic acid and n-butanol -
acetic acid - purified water (4:1:2) (BAW). The dried
chromatograms were studied in UV light before and after
processing with ammonia vapor and 3 % alcohol solution
of aluminum chloride [12].

3.3. Investigation of phenolic compounds by
HPLC

Separation of the sum of phenolic compounds was
carried out by HPLC on a high-performance liquid
chromatograph Agilent Technologies 1200 (USA) with
photometric diode-matrix detector UV-Vis GI1315
equipped with a flow degasser G1322A, autosampler
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(automatic injector) GI1329A, column thermostat
G1316A in complex with personal computer with Ag-
ilent ChemStation software.

Separation of hydroxycinnamic acids, flavonoids,
coumarins, tannins and their components was carried out
by the reversed-phase chromatography using chromato-
graphic column Discovery C18 sized 250x4.6 mm with a
sorbent (silica gel modified with octadecyl groups) and a
grain diameter of 5 pm. The chromatographic conditions
are given in scientific sources [13—15].

3.4. Determination of the quantitative content
of phenolic compounds

Total polyphenols. Quantitative determination of
total polyphenols was carried out by spectrophotometry
in terms of pyrogalol according to the pharmacopoeial
method (SPhU 2.0, Vol. 3 — pharmacopoeial monograph
“Millefolii herba”, p. 298) [13, 16, 17].

The content of total polyphenols (X, %) in terms
of pyrogallol was calculated using the formula (1):

62.5 A
X —lmz, (1)

A4, m

where A4, is the optical density of the reference solution;
A; is the optical density of the test solution; m; is the
weight of the raw material, mg; m; is the weight of the
pyrogallol sample, mg.

Tannins. An accurate sample of the crushed raw ma-
terial was placed in the 250 ml-capacity round bottom flask,
150 ml of purified water was added and heated for 30 min
on a water bath. Then the analysis is carried out according to
the pharmacopoeial method — spectrophotometry in terms of
pyrogallol (SPhU 2.0, Vol.1 —2.8.14) [12].

The content of tannins (X, %) in terms of pyrogal-
lol was calculated using the formula (2):

625 A 4, m,
X h , 2)
1

where A, is the optical density of the reference solution;
A; is the optical density of the test solution; A4, is the
optical density of the test solution after the addition of
pharmacopoeial standard sample skin powder; m; is the
weight of the raw material, mg; m; is the weight of the
pyrogallol sample, mg.

Total flavonoids. Determination of total flavo-
noids was carried out by absorption spectrophotometry in
terms of apigenin, which is present in the herb of both
investigated species of Befonica in the predominant
amount. This method was modified and based on the
reaction with 3 % solution of aluminum chloride after
preliminary hydrolysis of flavonoids-glycosides to the
corresponding aglycones (SPhU 2.0, Vol.3, Monograph
“Leonuri cardiacae herba”) [13, 16-18].

The optical density of the obtained test and refer-
ence solutions was measured on a Specord M 40 spectro-
photometer 30 min after preparation at a wavelength of
380 nm in a cuvette with a layer thickness of 10 mm. To
convert the content of flavonoids to apigenin we used the
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specific absorption rate (E1.2) of the complex of apigenin

with aluminium chloride at 380 nm, which is 550 [18].

The content of total flavonoids (X, %) in terms of
apigenin and absolutely dry raw materials was calculated
using the formula (3):

X 1U/A 25 100 100 ’ 3)
E_, m V 100 W

Lem

where 4 is the optical density of the test solution; 25 is
the volume of solution B, ml; /00 is the volume of solu-

tion A, ml; E

1. 18 the specific absorption of the complex
of apigenin with aluminium chloride at 380 nm, which
equals 550; m is the weight of the sample of raw materi-
als, g; V is the volume of solution A used to prepare
solution B, ml; W is the weight loss on drying, %.

Hydroxycinnamic acids. Quantitative determina-
tion of hydroxycinnamic acids was carried out by the
modified method of absorption spectrophotometry in
terms of chlorogenic acid (SPhU 2.0, Vol.3, Monograph
“Urticae folium”) [13, 16, 17, 19].

The optical density of the obtained test and refer-
ence solutions was measured on a Specord M 40 spectro-
photometer at a wavelength of 325 nm in a cuvette with a
layer thickness of 10 mm.

The content of total hydroxycinnamic acids
(X, %) in terms of chlorogenic acid and absolutely dry
raw materials was calculated using the formula (4):

X 1:1 200 25 100 ’ )
E_ > m 1 100 W

Lem

where 4 is the optical density of the test solution; m is
the weight of the sample of raw materials, g; E'” is the

lem

specific absorption of chlorogenic acid, which equals
531; W is the weight loss on drying, %.

3.5. Statistical analysis

Student’s t-test was used to statistically test the
hypothesis of the probability of differences between the
indicators of different groups. Statistical processing of
the results was done by calculating the arithmetic mean,
the average error of the arithmetic value, the reliability of
the differences between results by the methods of varia-
tion statistics (SPhU 2.0, Vol.1 — 5.3, 5.3.N1) using Sta-
tistica 6.0 program and Word Excel. The number of repe-
titions of experiments (n) equals 9 [12, 20].

4. Results

The results of two-dimensional chromatography
of aqueous and ethyl acetate fractions of extracts from
the herb of Betonica peraucta (BPA and BPEA) and the
herb of Betonica brachydonta (BBA and BBEA) are
presented in Tables 1 and 2 and in Fig. 2 and 3.

Separation of the amount of phenolic com-
pounds, identification and quantitative determination
of individual components were done on the basis of
the state enterprise "Ukrmetrteststandard" (Kyiv) by
HPLC on a chromatograph Agilent Technologies 1200
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(USA) with photometric diode-matrix detector UV-Vis
G1315 equipped with flow degasser G1322A, au-
tosampler (automatic injector) G1329A and column
thermostat G1316A in combination with a personal
computer with Agilent ChemStation software.

Separation and determination of content of tan-
nins and their components were carried out at the wave-
length of 280 nm (Fig. 4).

Separation and determination of content of flavo-
noids and coumarins were carried out at the wavelengths
of 255 nm and 340 nm (Fig. 5, 6).

Separation and determination of content of hy-
droxycinnamic acids were carried out at the wavelengths
of 330 nm and 320 nm (Fig. 7, 8). The quantitative con-
tent of individual phenolic compounds in the herb of
Betonica peraucta and Betonica brachydonta determined
by HPLC is given in Table 3. Quantitative determination
of content of the main groups of phenolic compounds,
namely the total polyphenols, tannins, flavonoids and
hydroxycinnamic acids, in the herb of Betonica peraucta
and Betonica brachydonta was conducted by spectropho-
tometry according to pharmacopoeial methods (Table 4).

Table 1

Analysis of two-dimensional chromatograms of phenolic compounds of aqueous fractions of the extracts from the herb
of Betonica peraucta and Betonica brachydonta

Spot

number Rf Rf Fluorescence in Color in visible Fluorescence in
(15 % Fluorescence UV light after light after pro- UV light after
on the . (BAW . lieh . h . 0 3 0 g i
chroma- aceﬁc (4:1:2)) in UV light processing wit cessing with 3 % processing wit
togram acid) T ammonia vapor AICl; 3 % AICL;
BPA
1 0.15 0.53 — Yellow Yellow Yellow
2 0.22 0.48 Dark Yellow - Yellow
3 0.25 0.54 — — Yellow Yellow
4 0.97 0.59 — — Brown Dark
5 0.94 0.69 Dark Yellow Brown Yellow
6 0.81 0.73 Yellow Yellow Brown Yellow
7 0.73 0.59 Blue Blue - Blue
8 0.68 0.75 Blue Blue - Blue
BBA
1 0.07 0.57 Dark Yellow Yellow Yellow
2 0.09 0.49 Dark Yellow - Yellow
3 0.15 0.49 — Yellow Yellow Yellow
4 0.97 0.57 — — Brown -
5 0.94 0.70 Dark Yellow - Yellow
6 0.86 0.58 — Brown —
7 0.80 0.66 Blue Blue — Blue
8 0.73 0.74 Blue Blue - Blue
Table 2

Analysis of two-dimensional chromatograms of phenolic compounds of ethyl acetate fractions of the extracts from the
herb of Betonica brachydonta and Betonica brachydonta

Spot Rf Fluorescence in Color in visible Fluorescence in
number N Rf UV light after . ;
(15 % Fluorescence . light after pro- UV light after
on the : (BAW . lioh processing . 30 . h
chroma- acetic (4:1:2)) in UV light with ammonia cessing with 3 % processing wit
acid) o AlCl, 3% AICl;
togram vapor
BPEA

1 0.13 0.54 — Yellow Yellow Yellow

2 0.22 0.54 — — - Yellow

3 0.94 0.71 Dark Yellow - Yellow

4 0.82 0.73 Yellow Yellow - Yellow

5 0.70 0.73 Blue Blue - Blue

6 0.10 0.40 — — Yellow Yellow

7 0.41 0.41 Dark Dark - Dark

BBEA

1 0.13 0.53 — Yellow Yellow Yellow

2 0.95 0.72 Dark Yellow - Yellow

3 0.84 0.75 Yellow Yellow - Yellow

4 0.75 0.76 Blue Blue - Blue

5 0.12 0.34 - - Yellow Yellow
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Fig. 2. Schemes of two-dimensional chromatograms of phenolic compounds of the aqueous fractions of the extracts
from the herb of Betonica peraucta (A) and Betonica brachydonta (B). Solvent system: 15 % acetic acid (I direction)
and BAW (4:1:2) (II direction). Spots: 1-6 — flavonoids, 7-8 — hydroxycinnamic acids
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Fig. 3. Schemes of two-dimensional chromatograms of phenolic compounds of the ethyl acetate fractions of the extracts
from the herb of Betonica peraucta (A) and Betonica brachydonta (B). Solvent system: 15 % acetic acid (I direction) and
BAW (4:1:2) (I direction). Spots A: 14, 6, 7 — flavonoids, 5 — coumarin; spots B: 1-3, 5 — flavonoids, 4 — coumarin
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Fig. 4. Chromatogram of tannins and their components of a — Betonica peraucta; b — Betonica brachydonta herb
(wavelength 280 nm); 1 — gallic acid, 2 — gallocatechin, 3 — epigallocatechin, 4 — catechin, 5 — epicatechin, 6 — epicate-
chin gallate, 7 — catechin gallate
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Fig. 5. Chromatogram of flavonoids of Betonica peraucta herb: a — wavelength 255 nm; b — wavelength 340 nm;
1 — rutin, 2 — luteolin, 3 — coumarin, 4 — isoquercitrin (quercetin-3-D-glucoside), 5 — apigenin, 6 — scopoletin
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Fig. 6. Chromatogram of flavonoids of Betonica brachydonta herb (wavelength 255 nm): 1 — rutin, 2 — luteolin,
3 — coumarin, 4 — apigenin
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Fig. 7. Chromatogram of hydroxycinnamic acids of Betonica peraucta herb (wavelength 320 nm): 1 — chlorogenic acid,
2 — rosemarinic acid, 3 — apigenin, 4 — caffeic acid, 5 — ferulic acid, 6 — p-coumaric acid
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Fig. 8. Chromatogram of hydroxycinnamic acids of Betonica brachydonta herb (wavelength 320 nm): 1 — chlorogenic

acid, 2 — rosemarinic acid, 3 — apigenin, 4 — ferulic acid

Table 3

The content of individual phenolic compounds in the herb of Betonica peraucta and Betonica brachydonta

(HPLC method)
Name of the compound antent of individual phenolic cqmpounds, %
Betonica peraucta | Betonica brachydonta
Tannins and their components
Gallic acid 0.031 0.027
Gallocatechin 0.318 0.149
Epigallocatechin 2.423 0.520
Catechin 0.175 0.084
Epicatechin 0.136 0.105
Epicatechin gallate 0.248 0.038
Catechin gallate 0.063 0.058
Flavonoids
Apigenin 0.176 0.051
Luteolin 0.188 0.027
Rutin 0.049 0.041
Isoquercitrin (quercetin-3-D-glucoside) 0.056 —
Coumarins
Coumarin 0.010 0.009
Scopoletin 0.004 —
Hydroxycinnamic acids
p-Coumaric acid 0.022 —
Caffeic acid 0.060 —
Ferulic acid 0.053 0.014
Rosemarinic acid 2.142 1.253
Chlorogenic acid 0.532 0.264

Table 4

Quantitative content of phenolic compounds in the herb of Betonica peraucta and Betonica brachydonta

) - - —
Group of BAS .Content of BAS, %, x . X, n=9

Betonica peraucta Betonica brachydonta
Total polyphenols (in terms of pyrogallol, 760 nm) 9.96+0.06 4.82+0.08
Tannins (in terms of pyrogallol, 760 nm) 1.624+0.02 0.68+0.02
Flavonoids (after hydrolysis in terms of apigenin, 380 nm) 2.07+0.04 1.134+0.01
Hydroxycinnamic acids (in terms of chlorogenic acid, 325 nm) 7.01+0.03 3.58+0.02
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5. Discussion

By the method of paper chromatography taking
into account the mobility of substances and their fluores-
cence in UV light before and after the treatment with
chromogenic reagents it was determined that the herb of
Betonica peraucta contains 15 compounds, and the herb
of Betonica brachydonta contains 13 compounds of phe-
nolic nature, which have been previously classified as
flavonoids, hydroxycinnamic acids and coumarins (BPA
spots: 1-6 — flavonoids, 7-8 — hydroxycinnamic acids;
BPEA spots: 1-4, 6, 7 — flavonoids, 5 — coumarin; BBA
spots: 1-6 — flavonoids, 7-8 — hydroxycinnamic acids;
BBEA spots: 1-3, 5 — flavonoids, 4 — coumarin).

By the HPLC method in the herb of the re-
searched species were identified such tannins and their
components as gallic acid, gallocatechin, epigallocate-
chin, catechin, epicatechin, epicatechin gallate and cate-
chin gallate. In the herb of Betonica peraucta was deter-
mined the presence of following flavonoids: rutin, luteo-
lin, isoquercitrin (quercetin-3-D-glucoside), apigenin,
coumarin and scopoletin; such flavonoids as hyperoside,
kaempferol, quercetin, umbelliferone were not identified.
In the herb of Betonica brachydonta was determined the
presence of following flavonoids: rutin, luteolin, apig-
enin and coumarin; such flavonoids as hyperoside,
isoquercitrin, kaempferol, quercetin, umbelliferone and
scopoletin were not identified. Among hydroxycinnamic
acids in the herb of Beftonica peraucta chlorogenic,
rosemarinic, caffeic, ferulic and p-coumaric acids were
identified; in the herb of Betonica brachydonta only
chlorogenic, rosemarinic and p-coumaric acids were
identified, but caffeic and ferulic acids were not detected.

The obtained HPLC results indicate that the com-
position of phenolic compounds of the herb of Betonica
peraucta differs in the presence of the flavonoid isoquer-
citrin, hydroxycoumarin scopoletin, hydroxycinnamic
acids: caffeic and p-coumaric. In addition, the content of
individual phenolic compounds in the herb of Betonica
brachydonta is much lower than in the herb of Betonica
peraucta.

Among the components of tannins for both spe-
cies epigallocatechin has the highest content — 2.423 %
and 0.520 % in the herb of Betonica peraucta and
Betonica brachydonta respectively; gallic acid has the
lowest content — 0.031 % and 0.027 % in the herb of
Betonica peraucta and Betonica brachydonta respective-
ly. The dominant flavonoids in the herb of Betonica
peraucta are luteolin — 0.188 % and apigenin — 0.176 %;
in the herb of Betonica brachydonta the dominant is
apigenin — 0.027 %. Among hydroxycinnamic acids for
both species rosemarinic acid is dominant — 2.142 % and
1.253 % in the herb of Betonica peraucta and Betonica
brachydonta respectively; and the lowest content is de-
termined for ferulic acid — 0.014 % in the herb of
Betonica brachydonta and for p-coumaric acid — 0.022 %
in the herb of Betonica peraucta.

It was determined by absorption spectrophotome-
try that the content of all groups of phenolic compounds
is higher in the herb of Befonica peraucta. In particular,
the content of tannins in the herb of Betonica peraucta is
2.38 times higher, hydroxycinnamic acids is 1.96 times

higher and flavonoids is 1.83 times higher than in the
herb of Betonica brachydonta.

Scientists from around the world have also studied
the composition and quantitative content of polyphenolic
compounds of Beftonica L. genus species. Polish re-
searchers (Baczek, K., Kosakowska, O., Przybyt, J.-L.,
Weglarz Z.) have studied the dependence of the content
of phenolic compounds in the purple betony herb on
cultivation conditions. The highest content of tannins in
the raw material of a two-year-old plant was 2.05 % and
in a three-year old plant — 2.91 %. 4 hydroxycinnamic
acids (chlorogenic, ferulic, caffeic and rosemarinic) and
5 flavonoid compounds (orientin, luteolin-7-glucoside,
apigenin-7-glucoside, apigenin-3-glucoside, apigenin)
were identified in the raw material. Caffeic acid and
apigenin were dominant among these compounds [2].
Romanian scientists have found that the total phenolic
content of the Betonica officinalis hydroalcoholic extract
was 869.7+18.2 mg GAE/L and total flavonoid content
was 64.5+1.5 mg QE/L [5]. In the Republic of Kosovo it
was found that total phenols in the aboveground part of
Betonica officinalis L. ranged from 2.29 % to 8.05 % in
terms of caffeic acid, and the content of the total flavo-
noids ranged from 0.96 % to 3.97 % in terms of catechin
[21]. Romanian researchers Imbrea, 1., Butnariu, M., et
al. studied the chemical composition of the herb of Sta-
chys officinalis (L.) Trevis (syn. Betonica officinalis L.),
which grows in southwestern Romania, and found that
the content of polyphenols in terms of caffeic acid was
2.41 %, and flavonoids in terms of routine was 1.89 %
[22]. The flavonoid content of Befonica bulgarica Degen
et Nei¢ was studied by HPLC. Three flavonoids were
found in significant amounts: rutin, quercetin and his-
pidulin. Rutin was in the largest quantity, followed by
quercetin and hispidulin. The largest total flavonoid con-
tent was measured in leaves (4941.7+345.1 mg.kg"' dm for
rutin), followed by roots and flowers [4].

If we compare the data of foreign scientists and
data obtained by us, we can conclude that the composi-
tion and quantitative content of phenolic compounds in
different species of the Betonica L. genus differs, but not
significantly. For example, rutin in Befonica peraucta
accumulates in the smallest amount, but in Befonica
bulgarica it is dominant [4]; p-coumaric acid has not
been identified in Betonica officinalis, which grows in
Poland [2] as well as in Ukrainian Betonica brachydonta,
although it is present in Betonica peraucta; in Ukrainian
species of Betonica genus rosemarinic acid is dominant,
while in Polish species the dominant is caffeic acid [2],
etc. This is caused by the diversity of this genus species,
by the climatic conditions of their growth in the wild and
the conditions of their cultivation, it also may depend on
the methods used for analysis. However, there also is a
certain pattern, in particular in the quantitative composi-
tion of the total polyphenols and flavonoids. For exam-
ple, the content of total polyphenols in Betonica offici-
nalis L. grawing in Republic of Kosovo ranged from
2.29 % to 8.05 %, total flavonoids — from 0.96 % to
397 % [21] (in Ukrainian species total polyphenols
ranged from 4.82 % to 9.96 % and total flavonoids
ranged from 1.13 % to 2.07 %).
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Study limitations. The number of standard sub-
stances was limited during the study of plant raw materi-
als by HPLC method, that is why not all compounds of
phenolic nature could be identified in the studied raw
materials.

Prospects for further research. The results of
phytochemical study of phenolic compounds of the herb
of the studied species indicate that more promising for
further research and for drugs development is the herb of
Betonica peraucta. Taking into account its chemical
composition we can predict that the resulting extract will
have a pronounced anti-inflammatory, antioxidant or
choleretic activity.

6. Conclusions

The composition of phenolic compounds in the
herb of two morphologically similar species of Betonica
L. genus growing in Ukraine was studied by the methods
of paper chromatography, HPLC and absorption spectro-
photometry.

Components of tannins, flavonoids, hy-
droxycinnamic acids and coumarins were identified by
HPLC. Quantitative content of gallic acid, gallocatechin,

epigallocatechin, catechin, epicatechin, epicatechin gal-
late, catechin gallate, rutin, luteolin, apigenin, coumarin,
chlorogenic acid, rosemarinic acid and ferulic acid was
determined in the herb of Befonica peraucta and
Betonica brachydonta; in addition, isoquercitrin, sco-
poletin, caffeic and p-coumaric acids were detected in the
herb of Betonica peraucta, unlike Betonica brachydonta.

The quantitative content of the amount of phenol-
ic compounds in the herb of the studied species was
determined by the method of absorption spectrophotome-
try. The content of phenolic compounds in the herb of
Betonica peraucta and Betonica brachydonta is respec-
tively: total polyphenols — 5.96 % and 4.82 %, tannins —
1.62 % and 0.68 %, flavonoids — 2.07 % and 1.13 %,
hydroxycinnamic acids — 7.01 % and 3.58 %.

As a result of phytochemical studies, it was found
that the content of phenolic compounds is significantly
higher in the herb of Betonica peraucta. Therefore, this
species is promising for the creation of new herbal drugs.
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