kerba polonica
From Botanical to Medical Research

DE GRUYTER
OPEN Vol. 63 No. 12017

DOI: 10.1515/hepo-2017-0002

EXPERIMENTAL PAPER

Intrapopulation variability of flavonoid content in roots of Baikal skullcap
(Scutellaria baicalensis Georgi)

OLGA KOSAKOWSKA

Laboratory of New Herbal Products
Department of Vegetable and Medicinal Plants
Warsaw University of Life Sciences — SGGW
Nowoursynowska 166

02-787 Warsaw, Poland

phone: +48 22 5932247, fax +48 22 5932232, e-mail: olga_kosakowska@sggw.pl

Summary

Introduction: Baikal skullcap (Scutellaria baicalensis Georgi) is an important medicinal
plant, indigenous to Asia. Due to a wide range of pharmacological activities, its roots has
been used for ages in Traditional Chinese Medicine. Recently, the species has become
an object of interest of Western medicine, as well. Objective: The aim of the study was
to determine the variability of Baikal skullcap population originated from Mongolia and
cultivated in Poland, in terms of content and composition of flavonoids in the roots.
Methods: The objects of the study were 15 individual plants, selected within examined
population and cloned in order to obtain a sufficient amount of raw material. The total
content of flavonoids in roots was determined according to Polish Pharmacopeia 6. The
qualitative analysis of flavonoids was carried out using HPLC, Shimadzu chromatograph.
Results: The dry mass of roots ranged from 25.88 to 56.14 g X plant”. The total content
of flavonoids (expressed as a quercetin equivalent) varied between 0.17 and 0.52% dry
matter (DM). Nine compounds were detected within the group, with oroxylin A 7-O-
glucuronide (346.90-1063.00 mg X 100 g'DM) as a dominant, which differentiated
investigated clones at the highest degree (CV=0.27). Baicalin (391.40-942.00 mg X 100
g DM), wogonoside (324.00-641.10 mg X 100 g'DM) and hesperetine 7-O-glucoside
(163.00-346.32 mg X 100 g'DM) were also present in a considerable amounts. Clone 7
was distinguished by the highest content of all investigated compounds, except wogonin
and oroxylin A 7-O-glucuronide. Conclusions: Results obtained in present study show
a high variability within Baical skullcap investigated population in respect of flavonoid
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compounds detected in roots. Thus, the results may be used in future investigations
concerning the selection and breeding of this species.

Key words: Baikal skullcap, variability, roots, flavonoids, baicalin

INTRODUCTION

One of the most important causes of civilization diseases seems to be a de-
crease in natural resistance against harmful environmental factors. Stress also
negatively affects human health and well-being. The idea of using plant tonic rem-
edies, classified as adaptogens, to maintain homeostasis of organism has been
known for ages in Far East Medicine. Various pharmacologically active compounds
found in herbal adaptogens stimulate human body via multiple metabolic path-
ways. They act by increasing resistance of organism, regulating response to physi-
cal, environmental and emotional stress and modulating interconnected immune,
endocrine and nervous systems [1].

In the group of plants indicating adaptogenic activity, species belonging to Scu-
tellaria L. genus (Lamiaceae family) are considered to be one of the most important.
Here, the best known species is Baikal skullcap (S. baicalenis Georgi). This plant,
indigenous to Far East Asia, occurs on natural sites in Southeast Siberia, Russian
Far East, Northern Mongolia, North and Northeastern China, Korea and Japan [2].
It is a perennial up to 60 cm tall, with quadrangular stem, opposite simple leaves
and terminal inflorescence distinguished by purple-blue flowers with scutellum-
like upper lip. Roots of Baikal skullcap are defined as herbal raw material in the
Chinese, Japan and Korean Pharmacopoeias [3]. Recently, it has become an ob-
ject of interest in Western medicine as well and, consequently, the monograph of
Scutellariae baicalensis radix has been adopted in the European Pharmacopoeia [4].
This raw material reveals various pharmacological activities, associated with the
presence of specific flavonoids, namely: baicalein, wogonin, oroxylin A and their
glycosides [3, 5, 6]. Crude extracts of Baikal skullcap’s root as well as flavonoids
isolated from these extracts exhibit diverse pharmacological activity, i.a: antitu-
mor [7, 8], antimutagenic [9, 10|, antiangiogenesis [11, 12], antioxidant [13-15],
anti-inflammatory [16], antiviral and antibacterial [17-21], antiallergic and neuro-
protective [22, 23].

Baikal skullcap occurs naturally on steppes, grasslands, sunny slopes and for-
est habitats in a cold-dry climate of Far East Asia [24]. Over last several decades,
wild resources of this species has declined significantly due to over-exploitation.
In China, Baikal skullcap is cultivated in a traditional way, by seeds which are
directly collected from local wild growing populations. The field cultivation not
only protects natural resources but also helps to improve the safety and quality
of final herbal product [25-28]. However, cultivation of wild growing plants usu-
ally produces genetic bottlenecks and may results in loss of genetic diversity [28].
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Thus, it is important to know the range of natural diversity of this species derived
both from intraspecific and intrapopulation variability.

The aim of the study was to determine the variability within Baikal skullcap
population originating from Mongolia, in terms of the content and composition
of flavonoids in the roots.

MATERIAL AND METHODS

Plant material

15 individual 3-year-old plants were selected from Baikal skullcap popula-
tion cultivated on experimental field of Department of Vegetable and Medici-
nal Plants, Warsaw University of Life Sciences — SGGW (Poland). Seeds of the
population were collected from plants growing wild on natural site in Mongolia
(N49°16.400", E 10°05.370", 1580 m a.s.l), in 2009. Individual plants were cloned
in order to obtain a sufficient amount of raw material. In 2013, at the end of May,
40 stem cuttings were taken from each single maternal plant and placed into the
peat:substrate in the greenhouse. Well rooted cuttings were planted out in July
(8 cuttings on a single plot), in the randomized block design (3 replications), in
spacing 60 X 40 cm. Roots (8 plants within one replication) were collected in the
second year of plant vegetation, in October. Collected roots were weighed, dried
at 40°C and subjected to chemical analysis, which were performed in triplicate.
The sample designed to single chemical analyze originated from one single plot.
The presented results are mean values from three replications.

Voucher specimen was deposited at herbarium of Department of Vegetable and
Medicinal Plants WULS — SGGW.

Spectrophotometric analysis

The total content of flavonoids was carried out by aluminium chloride colori-
metric method according to Polish Pharmacopoeia 6% [29]. 0.5 g of air-dry, pow-
dered roots was extracted with 20 ml acetone, 2 ml 25% HCI, 1 ml 0.5% met-
enamine and kept boiling for 30 min. Obtained hydrolyzate was filtered through
a cotton wool, then a residue was extracted two times with 20 ml acetone, kept
boiling for 10 min each time. Obtained mixture was completed up to 100 ml with
acetone. 20 ml of mixture was subsequently extracted in the separatory funnel
with 20 ml of distilled water and 15 ml of ethyl acetate by shaking for 3 minutes.
Separated water-acetone phases were extracted with mentioned method three
more times with 10 ml of ethyl acetate only each time. Cumulated ethyl acetate
extract was washed two times with 40 ml of water and completed up to 50 ml.
10 ml of basic solution was mixed with 2 ml of 2% AICI, and then completed to
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25 ml with methanol: acetic acid solution (19:1). Comparison solution for each
sample was prepared by completing 10 ml of basic solution to 25 ml with metha-
nol: acetic acid solution. The absorbance was measured at 425 nm. The total
flavonoid content was expressed as a quercetin equivalent (% of dry matter of raw
material).

HPLC analysis

1g of homogenized, air-dry raw material was extracted with 100 ml of methanol
in Biichi Extraction System B-811. Soxhlet hot extraction with twenty-five extrac-
tion cycles, flushing and drying was used. After evaporation of solvent, the residue
was dissolved in 10 ml of methanol. The obtained extracts were filtered with Su-
pelco Iso-Disc™ Syringe Tip Filter Unit, PTFE membrane, diameter 25 mm, pore size
0.20 um and subjected to HPLC. The analyses were performed using a Shimadzu
chromatograph equipped with auto sampler SIL-20, photodiode array detector
SPD-M10A VP DAD and Class VP 7.3 chromatography software. C-18 reversed-phase
column (Phenomenex Kinetex® 2.6 um, C18, 100A, 100Xx4.60 mm i.d.) was used
as stationary phase. Binary gradient of mobile phase A (deionised water adjusted
to pH 3 with phosphoric acid) and B (ACN) was used. Separation conditions and
validation and were carried out according to Kosakowska et al. [30]. The peak table
and spectra library (190-450 nm) of individual compounds were created. Detection
wavelength applied: 236 nm (scutellarin, scutellarein), 266 nm (chrysin 7-O-glucuro-
nide), 270 nm (oroxylin A 7-O-glucuronide), 275 nm (baicalin, baicalein, wogonine,
wogonoside), 285 nm (hesperetine 7-O-glucoside). The content of the determined
compounds was calculated in mg X 100 g' dry matter (DM).

Statistical analysis

Data were subjected to statistical analysis using Statistica” software. The mean
values were compared by using the one way analysis of variance (ANOVA) followed
by Tukey’s range test. The differences between means were deemed to be signifi-
cant at p<0.05. The coefficient of variation (CV) was determined, as well.

Ethical approval: The conducted research is not related to either human or animal use.

RESULTS AND DISCUSSION

Baikal skullcap, known as “Huang Quin”, has been used for ages in Traditional
Chinese Medicine and Japanese Kampo Medicine. Nowadays, dry roots as well
as extracts and fractions isolated from this raw material are common elements
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of drugs and diet supplements used in natural medicine all over the world.
As mentioned before, flavonoids are the most important group of compounds,
determining multidirectional biological activities of this raw material. There is
a lot of detailed information on chemical composition and pharmacological ac-
tivities of Baikal skullcap’s root. However, the data on the variability of this spe-
cies is scarce and concern rather genetic than chemical diversity [2, 28, 31]. In
the present study, variability within population of S. baicalensis was investigated,
in respect of content and composition of flavonoids in roots. Examined clones
differed as to the mass of roots, the total content of flavonoids and the content
of identified flavonoid compounds in the raw material. The fresh mass of roots
ranged from 66.88 to 137.50 g X plant! (CV=0.35). The dry mass of this raw
material was at the level of 25.88 and 56.14 g X plant! (CV=0.23), respectively
(tab. 1). In present work, total content of flavonoids varied from 0.17 to 0.52%
DM (CV=0.24). Nine compounds were identified within this group, namely: ba-
icalein, baicalin, wogonin, wogonoside, scutellarein, scutellarin, chrysin 7-O-
glucuronide, hesperetine 7-O-glucoside and oroxylin A 7-O-glucuronide (tab.
2, fig. 1). Oroxylin A 7-O-glucuronide and baicalin were the dominants. Inves-
tigated clones differ in respect of their content: from 346.90 to 1063.00 mg X
100 g'and from 391.40 to 942.00 mg X 100 g' DM, respectively. Wogonoside
and hesperetine 7-0-glucoside were also present in a considerable amounts, as
following: from 324.00 to 641.10 mg X 100 g'and from 163.00 to 346.32 mg X
100 g' DM. The content of identified flavonoid aglycones (baicalein, wogonin,
scutellarein) was clearly lower in comparison with their glycosides. The highest
differences between clones concerned the content of oroxylin A 7-O-glucuro-
nide (CV=0.27) and hesperetine 7-0-glucoside (CV=0.25). Clone 7 was distin-
guished by the highest content of all investigated compounds, except wogonin
and oroxylin A 7-O-glucuronide (tab. 2). The presence of compounds identified
in this study was determined previously by other authors [32-38]. The domina-
tion of baicalin followed by high amounts of wogonoside were shown earlier, as
well [36, 37|. However, the results of the present work indicate on significantly
lower content of baicalin in comparison to results obtained by other authors.
Taking into account the pharmacopeial requirements, the content of this com-
pound in Baikal skullcap root should not be less than 8.0 [39] or 9.0% [40, 41].
According to Wozniak et al. [9], the content of baicalin in this raw material is at
a level of 11.16%, Makino et al. [37] show the range 3.52—12.10%, while Bai et al.
[2] 8.39-26.48%. However, results obtained by Islam et al. [36] as well as Zgérka
and Hajnos [38] indicate on a lower values (2.53 and 1.93%, respectively), what
corresponds with presented results. In the case of wogonoside, values obtained
in our work are lower when compared to results of other authors. Here, Islam
et al. [36] show the level of 1.26%, while Makino et al. [37] 5.07%. Such differ-
ences may be associated with the fact that the content of biologically active
compounds in plants can be affected by various factors e.g. genetic, edaphic or
climatic [42].
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Table 1.
The mass of Scutellaria baicalensis roots (g X plant™)

Clones Fresh mass Dry mass
1. 117.55 ab 42.96 b
2. 137.50 a 56.14 a
3. 111.00 ab 47.04 ab
4. 120.56 ab 46.12 ab
5. 136.07 a 50.80 a
6. 105.00 b 4092 b
7. 96.87 bc 34.54 bc
8. 100.53 b 37.26 bc
9. 127.68 a 55.40 a
10. 127.60 a 45.74 ab
11. 84.94 ¢ 30.40 ¢
12. 127.50 a 47.80 ab
13. 66.88 d 25.88 ¢
14. 91.56 bc 35.58 be
15. 68.40 d 27.82 ¢
Mean 107.84 41.62
cv 0.35 0.23

Values in columns marked with different letters differ at p<0.05, Tukey’s test; CV — coefficient of variation; presented
values are means of three replications, whereas one replication is represented by a sample obtained from eight plants

cultivated on a single plot

Figure 1.
Chemical structure of main flavonoids identified in the Baikal skullcap roots: a — oroxylin
A 7-0-glucuronide, b — baicalin, ¢ — wogonoside, d — hesperetine 7-O-glucoside
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Both baicalin, wogonoside and their aglycones (baicalein, wogonin) are char-
acterized by a triple hydroxylation of the A ring. Due to such specific chemical
structure they are considered to be the most active flavonoids in Baikal skullcap’s
root, revealing, i.a.: antitumor, antimicrobial, antioxidant, anti-inflammatory and
anxiolytic activities [7-9, 12, 13, 15-17, 20, 23]. However, other flavonoids are
also responsible for pharmacological activity of Scutellariae radix. Oroxylin A and
its sugar derivatives, detected in a considerable amounts in the present work,
show e.g. antibacterial, anti-inflammatory and anti-angiogenic properties [43, 44].
When regards hesperetine, authors indicate on its antiallergic, antidepressant and
memory improving effect [45, 46]. In turn, scutellarin reveals antihypertensive
and antivirus [47, 48], while chrysin — antitumor, anxiolytic and anticonvulsant
activities [49-52]. Since all listed flavonoids reveal a strong pharmacological activi-
ties, they finally may be engaged in the adaptogenic effect of Scutellariae radix.

Obtained results show a high variability within investigated Baikal skullcap
population in respect of flavonoid compounds detected in roots. Thus, the results
may be used in future investigations concerning selection and breeding of Baikal
skullcap, providing a high-quality raw material characterized by specific pharma-
cological activity.

CONCLUSIONS

A high intrapopulation variability concerning the content and composition of
flavonoids in roots was found.

Oroxylin A 7-O-glucuronide was the dominant compound and differentiated
examined clones at the highest degree.

Clone 7 was distinguished by the highest content of all investigated flavonoid
compounds, except wogonin and oroxylin A 7-O-glucuronide.

The content of identified flavonoid aglycones (baicalein, wogonin, scutellarein)
was clearly lower in comparison to their glycosides.

Conflict of interest: Authors declare no conflict of interest.
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Streszczenie

Wstep: Tarczyca bajkalska (Scutellaria baicalensis Georgi) jest wazng rosling lecznicza, na-
turalnie wystepujacg w Azji. Ze wzgledu na wielokierunkowg aktywnosc¢ farmakologiczna,
korzenie tej rosliny wykorzystywane byly od wiekéw w Tradycyjnej Medycynie Chinskiej.
Ostatnio, gatunek ten stat sie obiektem zainteresowania takze medycyny zachodniej. Cel:
Celem pracy bylo okreslenie zakresu zréznicowania populacji tarczycy bajkalskiej, pocho-
dzacej z Mongolii i uprawianej w Polsce, pod wzgledem zawartosci i sktadu flawonoidéw
w korzeniach. Metody: Obiektem badan bylo 15 pojedynkéw wyselekcjonowanych z ba-
danej populacji i rozmnozonych wegetatywnie w celu pozyskania odpowiedniej ilosci su-
rowca. 0golng zawarto$¢ flawonoidéw oznaczono wedtug Farmakopei Polskiej 6. Analize
HPLC flawonoidéw przeprowadzono przy uzyciu chromatografu firmy Shimadzu. Wyniki:
Sucha masa korzeni wahata sie od 25,88 do 56,14 g X roslina’. Ogélna zawartos¢ flawo-
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noidéw (w przeliczeniu na kwercetyne) wynosita od 0,17 do 0,52% suchej masy (s.m.).
Wsréd 9 zidentyfikowanych zwigzkow flawonoidowych w najwiekszej ilosci wystepowat
7-O-glukuronid oroksyliny A (346,90-1063,00 mg X 100 g's.m.), ktéry ponadto rézni-
cowat badane klony w najwyzszym stopniu (CV=0,27). Bajkalina (391,40-942,00 mg X
100 g's.m.), wogonozyd (324,00-641,10 mg X 100 g's.m.) i 7-O-glukozyd hesperetyny
(163,00-346,32 mg X 100 g's.m.) takze wystepowaly w surowcu w znaczacych ilosciach.
Klon 7 wyrézniat sie najwyzszq zawartos$cig wszystkich zidentyfikowanych flawonoidéw,
z wyjatkiem wogoniny i 7-O-glukuronidu oroksyliny A. Wnioski: Przeprowadzone badania
wskazujg na wysokie zr6znicowanie omawianej populacji tarczycy bajkalskiej, pod wzgle-
dem zawartosci zwigzkéw flawonoidowych zidentyfikowanych w korzeniach. Uzyskane
wyniki moga by¢ wykorzystane w przysztych pracach dotyczacych selekgji i hodowli tego
gatunku.

Stowa kluczowe: tarczyca bajkalska, zréznicowanie, korzenie, flawonoidy, bajkalina
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