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PHYTOCHEMICAL STUDY OF SALVIA GRANDIFLORA AND SALVIA OFFICINALIS
LEAVES FOR ESTABLISHING PROSPECTS FOR USE IN MEDICAL AND
PHARMACEUTICAL PRACTICE

M. Myha, O. Koshovyi, O. Gamulya, T. llina, N. Borodina, I. Vlasova

Cuposunna 6aza 1KApCoKUX pocaun Yrpainu € 0ocmamuboro minbku 015 NOI0GUHU (hapmarkoneinux 6udig. Be-
auxa yacmuna JIPC 3pocmae y nedocmammitl KITbKOCmi ma 6UHUKA€e nompeba 6 ix imnopmyeanti. B ymoeax im-
HOPMO3ANeNCHOCME ma dediyumy GIMYUSHAHOT POCIUHHOL CUPOBUHU, NOULYK HOBUX Odicepell Di0N02IUHO aKmu 6-
HUX peuosuH ceped npedcmasHuxie Guopu YKpainu € axmyanvHum 3a60aHHAM CYYAcHOI papmayesmuunol
HAyKU.

Mema pobomu — nposecmu nopigrsavhe Gimoximiune docniodxcenns aucms S. grandiflora ma S. officinalis ons
6CMAHOBNEHHSL MONCTUBOCHI] BUKOPUCAHHS. HEPAPMAKONETIHO20 6UQY Y (PaPMAYeSMUYHIT Ma MeOUYHIL NPaKmMuyi.
Mamepianu ma memoou. 06’ ekmomu docriodxcenns oyno aucma S. grandiflora ma S. officinalis, saxe 6yno 3a-
2omoeieHo y bomaniunomy caody Jlbgiecbkozo HayioHanvbHoz2o yHieepcumemy imeni I. @panka. Jocriocenus
Makpo- ma mikpoenemenmuozo cknady y aucmi S. officinalis ma S. grandiflora nposodunu amommno-emicitinum
cnekmpozpagiunum memooom. Busnauenns sikicHo2o cknady ma KinbKicho2o emicmy ochoghux 2pyn BAP npo-
600unu memooom BEPX. Kinvriche eusHaueHHs (peHOIbHUX CROLYK MAKOIC NPOSOOULU CHEKMPODOmMoMempu -
HUM MemoOOoM.

Pesynomamu. B 060x docniodcysanux euoax euseieno emicm 15 mikpo- ma maxpoenemenmis. ¥ nucmi S. offici-
nalis ma S. grandiflora 6yno idenmugpixosano 15 aminokuciom ma 8 canoninie. Memooom BEPX 6yno ecma-
HOBNIEHO SKICHULL CKAA0 ma KinbKicHull emicm peyvosun ¢enoavroi npupoou y aucmi S. officinalis ma S.
grandiflora (13 ma 9 cnonyxk 6i0nosiono).

062080penns. JJominyouumu MiKpo- ma Makpoeiemenmis y 060x euoax cuposunu oyau curiyii, gocgop, mae-
Hill, Kanvbyitl, Hampit ma Kanin. 3aeanvrutl emicm mikpoenemenmie y aucmi S. grandiflora y 1,67 pas 6invuiuii
Hioe y papmaroneinomy eudi S. officinalis. Jominyouumu aminokuciomamu 6 nucmi 060x 6u0i6 € 2LymamiHo8a
KUCIOMA, ACRApA2iHO8d KUCIOMA, 6ALIH Md NEUYUH.

Jominyrouumu canoninamu y aucmi S. officinalis oyau ypconoea ma oneanonoga Kuciomu, 302aibHUll 8MICH
akux cmanogums 75,82 %. V aucmi S.Qrandiflora dominyiouumu Oynu ypconosa ma eyckanoga KUciomu, 3d-
2anbHull gmicm AKux cmanosums 63,25 %.

3acanvnuii emicm rasonoioie natbinowui ¢ aucmi S. officinalis ma cmanosums 4,90 me/e. 3azanvnuii emicm
2iopoxcuxopuynux xucrom naubinvwui ¢ aucmi S. grandiflora ma cmanosumo 4,49 me/2, wo na 221,18 %
(6 2,21 pasu) binvwe wmize y papmaxonetinomy eudi S. officinalis (2,03me/2). 3acanvruti natibinowuii emicm
noxionux xaeoeoi xucromu nepesaxcac ¢ aucmi Salvia officinalis (0,77 me/2). Haubinvwuii eémicm cymu 6cix du-
ABNEHUX CROAYK henoavrol npupoou xapaxmepnuii ons aucmsa S. officinalis ma cmanosums 6,93 me/e.
Bucnoexu. Y pesyromami nposedeno2o nopishsaibHo2o gimoximiunozo docniocenns aucms S. grandiflora ma
S. officinalis ecmanoeneno, wo S. grandiflora e nepcnexmusnum eudom ons enposadsicenns y meouuny ma pap-
MayesmuyHy npakmuxy came siKk 024cepeno PenoaIbHux CnoiyK

Knruoei cnosa: pio lllaenis, negpapmaxonetinuii uo, tucms, XiMiyHUil CK1ao, PeHonIbHi CHOIYKU
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1. Introduction the issue of import substitution to ensure the medical

The pharmaceutical market for synthetic drugs is
showing rapid growth. At the same time, there remains
high level of topicality of herbal medicines research.
New drugs based on biologically active substances of
plant origin are emerging every year [1, 2]. The market
of medicinal herbal raw materials in Ukraine is rapidly
developing, as evidenced by the development and in-
crease in the number of enterprises of all units from the
cultivation and harvesting of medicinal products to the
production of finished products. However, in today's
conditions, the market of medicinal plants of Ukraine is
dominated by imported raw materials, which exacerbates

safety of the country [3, 4].

About 23 % of all pharmacopoeial species of
Ukraine have to be imported from abroad for the needs
of the domestic pharmaceutical industry. In conditions of
import dependence and scarcity of domestic medicinal
plant raw materials, the search for new sources of biolog-
ically active substances among the representatives of the
flora of Ukraine is an urgent task of modern pharmaceu-
tical science [1, 5].

Particular attention is drawn to the study of rep-
resentatives of the Salvia genus in Ukraine [6, 7]. It is
the largest genus in the Lamiacea family. 21 species
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grow in Ukraine [8-10]. The pharmaceutical market of
Ukraine presents about 40 drugs, the components of
which have biologically active substances (BAS) of
Salvia leaves [11, 12].

Previous chemotaxonomic studies of representa-
tives of the Salvia in Ukraine have shown the prospect of
using raw materials of S. grandiflora in the pharmaceuti-
cal industry [1, 9, 13]. Therefore, it is advisable to con-
duct a comparative study of the leaves of this species and
the galenic drug on its basis in comparison with the
pharmacopoeial species - leaves of S. officinalis [14, 15].

The aim of the study was to conduct a compara-
tive phytochemical study of S. grandiflora and S. offici-
nalis leaves to determine the possibility of using non-
pharmacopoeial species in pharmaceutical and medical
practice.

2. Planning (methodology) of research

To achieve the aim it was necessary to solve the
following problems:

—to analyse the macro- and micro-elemental,
amino acid composition of S. grandiflora and S. offici-
nalis leaves

— to study the qualitative composition and quanti-
tative content of the main groups of biologically active
substances in the leaf of the studied species

—to carry out a comparative analysis of the ob-
tained results to determine the possibility of using non-
pharmacopoeial species in pharmaceutical and medical
practice.

3. Materials and methods

The object of the study was the leaves of S. gran-
diflora and S. officinalis, which were harvested at the
Botanical Garden of Lviv National University named
after Ilvan Franko, under the guidance of a senior re-
searcher, Ph.D Skibitska M. I. [16, 17].

Macro- and micronutrient composition studies in
the leaves of S. officinalis and S. verticillata were car-
ried out by atomic emission spectrographic method on a
DFS-8 spectrograph at State Scientific Institution “In-
stitute for Single Crystals” of NAS of Ukraine. The AC
arc was obtained with the help of the IBC-28 generator.
The spectra were recorded on PFS-02 photographic
plates [18, 19].

The study of the amino acid composition of the
plant raw materials of the studied species was per-
formed by HPLC on a chromatograph firm Agilent
Technologies (model 1100). For the chromatography
we used column AA 200 x 2.1 mm and protective col-
umn; as mobile phase — solution A (20 mmM sodium
acetate and 0.018 % triethylamine, adjusted to pH 7.2
with 1-2 % acetic acid, with the addition of 0.3 % tet-
rahydrofuran, and solution B (40 % CH3CN, 40 %
MeOH and 20 % 100 mM sodium acetate, adjusted to
pH 7.2 with 1-2 % acetic acid); volumetric flow rate —
0.45 ml / min; column temperature — 40 °C; detection
was carried out with a UV detector after pre-column
dewatering first with o-phthalic aldehyde (OPA rea-
gent) and then with 9-fluorenylchloroformate (FMOC
reagent) for for display of proline [20, 21]. The identifi-
cation of amino acids was performed by the retention
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time of the standards of the corresponding amino acids
(TC 6-09-3147-83) [18, 22, 23].

Study of the saponin composition of the leaves of
the studied species was performed by HPLC on a Shi-
madzu LC20 Prominence chromatograph in a modular
system equipped with a four-channel pump LC20AD,
thermostat STO20A columns, SIL20A automatic sam-
pler, Bridge CST2020 diode-matrix detector and
SPDM20 detector 150 mm * 4.6 mm with a grain size of
5 microns (Waters); column temperature — 30 °C; detec-
tion wavelength — 205 nm; the flow rate of the mobile
phase is 1.0 ml / min; the volume of the sample injected
is 20 ul. Mobile phase: methanol for HPLC: 0.2 % am-
monium acetate solution (pH 6.75) (80:20). Elution
mode: isocratic. The identification of the components
was carried out by the retention time and the compliance
of the UV spectra with the substance standards. The
spectra of triterpene saponins have a maximum absorp-
tion at (200-210) nm, so detection of this group of com-
pounds was carried out at 205 nm [24, 25].

The study of the composition of phenolic com-
pounds was performed by HPLC on a Shimadzu LC20
Prominence chromatograph in a modular system
equipped with a four-channel pump LC20AD, thermostat
STO20A column, automatic SIL20A sampler, diode-
matrix detector SPDM20A and ChemStation LC18 and
ChemStation LC 250 mm x 4.6 mm, particle size 5 pm;
column temperature — 35 °C; detection wavelength —
330 nm (for hydroxycinnamic acids, flavonoid glyco-
sides), 370 nm (for flavonoid aglycones), 280 nm (for
tannins), 340 nm (coumarins); the flow rate of the mobile
phase is 1 ml / min; sample volume injected — 5 pul; mo-
bile phase: eluent A: 0.1 % trifluoroacetic acid solution
in water; eluent B: 0.1 % trifluoroacetic acid solution in
acetonitrile. The identification of the components was
performed by the retention time and the compliance of
the UV spectra with the substance standards [23, 26-28].

The quantitative determination of phenolic com-
pounds was also performed by spectrophotometric meth-
od. The optical density was measured on an Evolution
60S spectrophotometer (USA) at the appropriate wave-
length. The content of the sum of hydroxycinnamic acid
derivatives was determined in terms of rosmarinic acid at
505 nm, the content of flavonoids in terms of luteolin —
at a wavelength of 410 nm, the content of the amount of
phenolic compounds in terms of per gallic acid — at
270 nm. For statistical accuracy, the experiments were
performed at least five times [20, 29, 30].

4. The results of the study

Analysis of macro- and micronutrient composi-
tion of leaves of S. officinalis and S. grandiflora. As a
result of the analysis, the content of 15 macro- and mi-
cronutrients was identified and established (Tab. 1).

Analysis of the content of amino acids in the ob-
jects of the study. The results of the study of the amino
acid composition of leaves of S. officinalis and S. grandi-
flora are shown in Tab. 2.

Analysis of the content of saponins in the raw
materials of the studied species. The HPLC method
identified and quantified the content of 8 saponins in the
leaf of the studied species of the Salvia genus (Tab. 3).
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Table 1
Macro- and micronutrient composition of leaves of S. officinalis and S. grandiflora
Element Element content, mg / 100 g
Salvia officinalis Salvia grandiflora
Fe 65.7 78
Si 330 1040
P 145 220
Al 32.8 130
Mn 4.7 7.8
Mg 290 390
Pb <0.03 0.13
Ni 0.03 0.065
Mo 0.04 0.1
Ca 730 1300
Cu 0.43 0.65
Zn 14.6 28.6
Na 290 117
K 2050 3250
Sr 2.9 6.5
Total content 3956.21 6568.85
Table 2
Amino acid composition of leaves of S. officinalis and S. grandiflora
. . Quantitative content, %
No. Amino acid S. officinalis S. grandiflora
1 Aspartic acid 0.97 1.44
2 Threonine 0.41 0.61
3 Serine 0.34 0.55
4 Glutamic acid 1.08 1.84
5 Proline 0.69 0.53
6 Glycine 0.49 0.77
7 Alanine 0.53 0.86
8 Valine 0.55 0.87
9 Isoleucine 0.42 0.66
10 Leucine 0.67 1.16
11 Tyrosine 0.28 0.52
12 Phenylalanine 0.50 0.75
13 Histidine 0.22 0.32
14 Lysine 0.49 0.74
15 Arginine 0.37 0.72
Table 3
Saponin composition of leaves of S. officinalis and S. grandiflora
No. Compound Retention time, min Quantit_at_ive _content of mg /g of raw material
S. oficinalis S. grandiflora
1 Ursolic acid 17.45 7.74 4.25
2 Euscapic acid 8.53 0.83 2.48
3 Tormentic acid 12.68 1.09 0.07
4 Uvaol 22.80 0.15 1.1
5 Oleanolic acid 16.34 2.46 0.8
6 Erythrodiol 22.59 0.11 0.03
7 Betulin 14.57 0.26 1.1
8 Lupeol 48.13 0.81 0.81
Total content 13.46 10.64

Content analysis of phenolic compounds in

flora (Tab. 4). Among them, 6 are substances of flavo-
noid nature, 8 are hydroxycinnamic acids.

The spectrophotometric method was used to de-
leaves of S. officinalis and S. grandiflora. The HPLC  termine the quantitative content of phenolic compounds
method identified and quantified the content of 14 phe- in the studied objects, including derivatives of hy-

nolic substances in leaves of S. officinalis and S. grandi-  yroxycinnamic acids, flavonoids and the sum of phenolic

compounds (Table 5).
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Table 4

Phenolic composition of leaves of S. officinalis and S. grandiflora

L - Quantitative content of mg / g of raw material
No. Compound Retention time, min S officinalis | . grandiflora
Flavonoids
1 | Rutin 30.9-31.0 1.10 0.00
2 | Apigenin-7-glucoside 36.0-36.4 0.41 0.39
3 | Luteolin 47.0 0.41 0.11
4 | Apigenin 52.3-52.4 0.00 0.19
5 Luteolin-7-glucoside 33.1 2.75 0.21
6 | Catechin 19.4 0.22 0.18
Hydroxycinnamic acids
7 | Chlorogenic acid 20.0-20.4 0.04 0.04
8 | Caffeic acid 21.8-22.0 0.20 0.19
9 Rosmarinic acid 37.8-38.2 1.02 4.26
Salvianolic acids

10 | Lithospermic acid ~ 38.4 0.34 0.00
11 | Salvianolic acid F 23.1 0.03 0.00
12 | Salvianolic acid C 30.1 0.03 0.00
13 | Salvianolic acid B 47.7 0.31 0.14
14 | Salvianolic acid A 56.1 0.06 0.00
The total content of salvianolic acids 0.77 0.14
The total content of hydroxycinnamic acids 2.03 4.49
The total content of flavonoids 4.90 1.08
The total content of phenolic compounds 6.93 571

Table 5

Quantitative content of phenolic compounds in leaves of species Salvia

BAS group and used method

Quantitative content, % in raw materials

S.officinalis | S. grandiflora

Derivatives of hydroxycinnamic acids

Spectrophotometry in terms of rosmarinic acid 0.8140.04 | 2.2940.06
Flavonoids
Spectrophotometry in terms of luteolin | 1.18+0.03 | 0.75+0.04
The sum of phenolic compounds
Spectrophotometry in terms of gallic acid 2.31+0.05 | 1.97+0.03

5. Discussion of research results

The obtained data from the study of macro and
microelement (tab. 1) indicate a significant content in
both types of micro elements such as: silicon (330—
1040 mg / 100 g), phosphorus (145-220 mg / 100 g),
magnesium (290-390 mg / 100 g), calcium (730-
1300 mg / 100 @), sodium (290-117 mg / 100g) and
potassium (2050-3250 mg / 100 g). The total micro
element content of S. grandiflora leaves is 1.67 times
greater than that of the S. officinalis pharmacopoeial
species. The content of toxic elements such as cobalt,
cadmium, arsenic and mercury, lead and molybdenum
are within the maximum permissible concentrations for
raw materials and foodstuffs.

In the S. officinalis leaf, 15 amino acids were
identified (tab. 2). The dominant ones are glutamic acid,
aspartic acid, valine and leucine, with a total content of
43.07 %. Among the identified amino acids 8 are irre-
placeable, their content is 47.93 % of the total number
of amino acids. In the letter of S. grandiflora, 15 amino
acids were also identified. Glutamic acid is dominant,
aspartic acid, valine and leucine have a total content of
43.66 %. Among the identified amino acids 8 are indis-
pensable. Their content is 48.33 % of the total number
of amino acids.
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In S. officinalis leaves, 8 saponins were identified
(tab. 3). Ursolic and oleanolic acids were dominant, with
a total content of 75.82 %. In S. grandiflora’s leaves,
8 saponins were identified. Ursolic and euscapic acids
were dominant, with a total content of 63.25 %.

In the leaf of S. officinalis, 13 substances of phe-
nolic nature were identified (tab. 4). Among them,
5 flavonoids: rutin, apigenin-7-glucoside, luteolin, luteo-
lin-7-glucoside, catechin; 3 hydroxycinnamic acids:
chlorogenic acid, caffeic acid, rosmarinic acid and
5 derivatives of caffeic acid: lithospermic acid, salvi-
anolic acid F, salvianolic acid C, salvianolic acid B,
salvianolic acid A. Routine, apigenin-7-glucoside, luteo-
lin, luteolin-7-glucoside, rosemary, lithospermic and
salvianolic B acids were dominant.

In the S. grandiflora leaves were identified 9 sub-
stances of phenolic nature. Among them were 5 flavo-
noids: apigenin-7-glucoside, luteolin, apigenin, luteolin-
7-glucoside, catechin; 3 hydroxycinnamic acids: chloro-
genic acid, caffeic acid, rosmarinic acid; 1 coffee acid
derivatives: salvianolic acid B. Apigenin-7-glucoside and
rosmarinic acid were dominant.

The total content of flavonoids is highest in leaves
of S. officinalis and is 490 mg / g. The total hy-
droxycinnamic acid content is highest in the leaves of S.
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grandiflora and is 4.49 mg / g, which is 221.18 %
(2.21 times) more than in the pharmacopoeial species of
S. officinalis (2.03 mg / g). The overall highest content of
coffee acid derivatives is dominated by leaves of S. offic-
inalis (0.77 mg / g).

The highest content of the sum of all detected
compounds of phenolic nature is characteristic of leaves
of S. officinalis and is 6.93 mg / g.

According to the spectrophotometric study of the
content of phenolic compounds (tab. 5) in the leaf of the
studied species of the genus Salvia, it was found that the
highest content of hydroxycinnamic acid derivatives is
specific for S. grandiflora leaves, the highest content of
flavonoid compounds, and the total content of phenolic
compounds is specific for S. officinalis.

The content of phenolic compounds in the two
species studied is practically at the same level, except for
the hydroxycinnamic acid content. In the leaf of the non-
pharmacopoeial species S. grandiflora, the content of the
amount of hydroxycinnamic acids is 2.21 times higher.
Particular attention is drawn to the high content of rose-
mary acid in leaves of S. grandiflora 4.18 times more
than in leaves of S. officinalis. The results of qualitative
and quantitative analysis of BAS in the leaf of the non-
pharmacopoeial species of S. grandiflora indicate the
prospect and possibility of its use in medical and phar-
maceutical practice as a source of phenolic compounds,
in particular hydroxycinnamic acids.

Study limitations. For the statistical significance
of the study, it would be advisable to investigate, even
wild samples of raw materials from different regions of
Ukraine, and not only cultivated and harvested in the
Botanical Garden of the National University of Lviv
named after Ivan Franko. It was advisable to compare not
only the chemical composition of the raw material, but
also to compare the pharmacological activity of galenic
and neogalenic agents from these raw materials.

Prospects for further research. According to the
results of the studies, further screening of pharmacologi-
cal studies, analysis of terpenoid composition and devel-
opment of parameters for standardization of S. grandiflo-
ra leaves are planned.

6. Conclusions

Comparative pharmacognostic and pharmacologi-
cal studies of S. grandiflora and S. officinalis leaves
revealed that S. grandiflora is a promising species for
introduction into medical and pharmaceutical practice as
a source of phenolic compounds, in particular hy-
droxycinnamic acids.

In both studied species, was found the presence of
15 micro and macronutrients, of which dominant are
silicon, phosphorus, magnesium, calcium, sodium and
potassium. The total trace element content of S. grandi-
flora leaves is 1.67 times greater than that of the pharma-
copoeial species of S. officinalis. In the leaves of S. offic-
inalis and S. verticillata, 15 amino acids and 8 saponins
were identified. HPLC determined the qualitative com-
position and quantitative content of phenolic substances
in leaves of S. officinalis and S. grandiflora (13 and
9 compounds, respectively). The total content of flavonoids
is highest in leaves of S. officinalis and is 4.90 mg / g. The
total hydroxycinnamic acid content is highest in the leaf
of S. grandiflora and is 4.49 mg / g, which is 221.18 %
(2.21 times) more than in the pharmacopoeial species of
S. officinalis (2.03 mg / g). The overall highest content of
coffee acid derivatives is found in leaves of S. officinalis
(0.77 mg / g). The content of phenolic compounds in the
two studied species is practically at the same level, ex-
cept for the hydroxycinnamic acid content. In the leaf of
the non-pharmacopoeial species S. grandiflora, the con-
tent of the amount of hydroxycoric acids is 2.21 times
higher. Particular attention is drawn to the high content
of rosmarinic acid in leaves of S. grandiflora, which is
4.18 times more than in leaves of S. officinalis.

The results of the comparative phytochemical and
pharmacological study of S. officinalis leaves and S.
grandiflora leaves significantly extend the data on non-
pharmacopoeial species and indicate the undoubted pro-
spect of using S. grandiflora leaves in pharmaceutical
and medical practice.
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