Bulgarian Chemical Communications, Volume 49, Number 3, (pp. 658 — 663) 2017

Chromatography of separation and qualitative, quantitative analysis biflavonoids
from crude extract of Selaginella tamariscina
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Previous investigations reported that the class of biflavonoids represents a great pharmacological activity, which
remained to be fully exploited, since most of them have not yet been found in nature or else have not been synthesized.
Owing to its significant bioactivities and the quality control of medicine herb, effective methods for the extraction,
isolation and purification of biflavonoids from S. tamariscina become necessary. In order to evaluate the performances
of the optimal extract method, four extraction solvent and five extraction methods (Accelerated solvent extraction, SFE-
CO, extraction, reflux extraction, Soaking extraction and Ultrasonic extraction)were used to extract the bioactive
compounds from Selaginella tamariscina (Beauv) Spring. HPLC method was attempted for quantitative analysis and
comparison with different extract by determining the content of amentoflavone. The result indicates that extraction
temperature has significant impact on the extraction efficiency, and reflux extraction is proved to be the effective
technique for extracting biflavonoid of S. tamariscina. Reverse-phase medium-pressure liquid chromatography(RP-
MPLC) was first applied to separate and isolate biflavonoid from extract of S. tamariscina. High-purity biflavonoid was
obtained and at over 98% purity as determined by HPLC. Furthermore, electrospray ion source mass spectroscopy (ESI-
MS) was employed for rapid identification of the obtained compound from extract of S. tamariscina. Amentoflavone
were identified based on the detection of the molecular ions, and the fragment ions of the molecular ion obtained in the
CID experiments with those of the data reported in the literature. The chromatography technologies we employed were
effective and feasible for the extraction, separation, qualitative and quantitative analysis of biflavonoids from S.
tamariscian.
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INTRODUCTION

Selaginella tamariscina(Beauv) Spring belongs
to the family Selaginellaceae, the genus of
Selaginellace contains about 80 species in the world,
of which about 50 species are distributed in China.
S. tamariscina is a traditional medicine, which was
first recorded by “ShenNong Ben Cao Jing” around
1700 years ago. It has been used in oriental medicine
to treat amenorrhea, dysmenorrheal, metrorrhagia,

hypoglycemic and hypolipidemic [9],
antiplasmodial and leishmanicidal activity [10]. In
addition, sometimes the bioactivity of a biflavonoid
is greater than that of the corresponding monomers.
Amentoflavone is the main biflavonoid of S.
tamariscina, with higher content in crude extract,
and represents a great pharmacological activity.
Owing to bioflavonoids’ significant bioactivities
and the quality control of medicine herb, effective
methods for the extraction, isolation and purification

hematuria, prolapse of the anus, chronic hepatitis
and hyperglycaemia.

Data from preliminary research has shown that
different classes of natural products have been
isolated from these species, including flavonoids,
lignans, anthraquinone, alkaloids [1-2].
Investigation of the phytochemical constituents of S.
tamariscina revealed that the major constituents in
Selaginella tamariscinaare flavonoids, especially a
rich source of biflavonoids. Biflavonoids are
flavonoid dimmers connected with a C—C or a C-O—
C bond, which exhibited several biological activities,
including cytotoxic [3], antiallergenic, anti-
inflammatory [4-5], antiviral, antioxidant [6-7],
inhibition of nuclear factor-k B activation [8],
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biflavonoids of S. tamariscina become necessary.
However, extract and separate analysis of chemical
components from S. tamariscina has been reported
less. Traditionally, the extraction method of
biflavonoids almost applied the conventional
method, such as organic solvent extraction and
reflux extraction; in recent years, a series of modern
technology has been widely used to extract,
contained accelerated solvent extraction (ASE),
SFE-CO, extraction, microwave and Ultrasonic
extraction, etc. But the technology is more suitable
for the extraction of active substances need to be
experimental investigation. The conventional
preparative separation and purification of flavonoids
employed column chromatograph, such as silica gel,
Sephadex LH-20 and macroporous adsorptive resin,
which are often involve repeated chromatographic
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steps on different columns.  Comparing preparative
HPLC separation, the MPLC has high flow rate and
low pressure, the analytical grade solvents were used
as elution solvent, so it is time consuming and lower
costs. MPLC has enabled a significantly improved
efficiency in separation and purification of the
compounds of interest in short time.

In this work, five different extraction
technologies, containing ASE, SFE-CO2 extraction,
reflux extraction, soaking extraction and ultrasonic
extraction were applied to extract the biflavonoids
from S. tamariscian. The extraction technologies
were optimized with the extraction quantity of
amentoflavone as investigated by HPLC-DAD.
Then, RP-MPLC was selected to separate the crude
extract of S. tamariscina and enrich the interested
fraction containing amentoflavone,whicn  was
further determined by HPLC-DAD. Finally, ESI-
MS was employed for rapid identification of main
bioactive compounds from extract of S. tamariscina.
Fig.1 shows the structure of amentoflavone.

Fig.1.The strcture of the amentoflavone

EXPERIMENTAL
Chemicals and reagents

S. tamariscian was purchased  from
HebeiKanghui Medicinal Company (Hebei, China);
all organic solvents used for extraction and RP-
MPLC separation were of analytical grade and
purchased from Beijing Chemicals (Beijing, China);
Methanol and acetic acid were HPLC grade and
purchased from Fisher chemical Ltd. (USA).
Water was purified on a Milli-Q water purification
system (Millipore, France).

Sample preparation

In order to compare the extraction effects of
different methods, four different extract solvent and
five extraction methods were carried out to extract
the biflavonoids from S. tamariscian.

Different solvent extraction

Four S. tamariscina powder (5.001, 5.002, 5.006,
5.007 g) was accurately weighed and place in 100

mL erlenmeyer flask, respectively, then extracted
with 50 mL of 70% aqueous ethanol, hexane, n-
butanol, ethyl acetate by sonication for 2 h at room
temperature. Four extraction mixtures were filtered,
concentrated to dryness in vacuo at 55 “C, dissolved
in 10 mL volumetric flask with methanol and filtered
through a 0.45 pm filter prior to use for following
analysis.

Supercritical fluid extraction

In this work, the SFE apparatus used was
performed on a Speed™ SFE Prime device (Applied
Separations Inc). Carbon dioxide (99.99% purity)
obtained from an oxygen factory (Changchun, China)
was used as the extraction solvent. The operating
methodology was as follows: Accurate weighing
5.006 g of S. tamariscina power was placed inside
the 24 mL extractor equipped with filter film, filter
wool on both ends to prevent the particles being
flushed out. The loaded extractor was then
introduced into the extraction vessel and CO; was let
in. The device was cooled for 1 h before being set
the  desired  pressure and  temperature.
Experimental conditions: extractor temperature at
60 °C, pressure 200 bar, static extraction time for 0.5
h and dynamic extraction time for 1 h, outlet
temperature at 90 ‘C, entrainment agents was 70%
ethanol 40mL. The crude extract was collected
after the desired time and concentrated to dryness in
vacuo at 55°C. The sample obtained was dissolved
in 10 mL volumetric flask with methanol and filtered
through a 0.45 pm filter prior to use for following
HPLC analysis.

Accelerated solvent extraction (ASE)

Accelerated Solvent Extraction 150 System
(Dionex, Sunnyvale, CA, USA) with 100 mL
stainless steel ASE vessels was used for the
pressurized liquid extraction. Accurate weighing
5.005 g of S. tamariscina powder was placed into the
extraction cell (34 mL). The extraction cells were
placed into the ASE system and the extraction
conditions and process were as follows: 70% ethanol
was used as the extract solvent, firstly, static time of
4 min, followed by a flush elution with 60% volume,
and followed by the nitrogen purge of 60 s, and
extracted three time. The extraction temperature was
80 °C, and pressure was below 1500 psi. The ethanol
extract was concentrated to dryness in vacuo at 55°C.
The sample obtained was dissolved in 10 mL
volumetric flask with methanol and filtered through
a 0.45 pm filter prior to use for following analysis.
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Reflux extraction

S. tamariscina powder (5.009 g) was accurately
weighed and place in 100 mL round-bottomed flask,
then extracted with 50 mL of 70% aqueous ethanol
for 1 hat 90 °C. The extraction mixture was filtered,
concentrated to dryness in vacuo at 55°C, dissolved
in 10 mL volumetric flask with methanol and filtered
through a 0.45 pm filter prior to use for following
analysis.

Soaking extraction

S. tamariscina powder (5.007 g) was accurately
weighed and place in 100 mL erlenmeyer flask, then
extracted with 50 mL of 70% aqueous ethanol for 2
h at 40 C. The extraction mixture was filtered,
concentrated to dryness in vacuo at 55 “C, dissolved
in 10 mL volumetric flask with methanol and filtered
through a 0.45 pm filter prior to use for following
analysis.

Ultrasonic extraction

S. tamariscina powder (5.005 g) was accurately
weighed and placed in 100 mL erlenmeyer flask,
then extracted with 50 mL of 70% aqueous ethanol
by sonication for 1 h at room temperature. The
extraction mixture was filtered, concentrated to
dryness in vacuo at 55 ‘C, dissolved in 10 mL
volumetric flask with methanol and filtered through
a 0.45 um filter prior to use for following analysis.

RP-MPLC Separation

RP-MPLC Separation was carried out in an
Isolera one MPLC system (Biotage Switzerland).
The separation was carried out with a Biotage®
SNAP Cartridge KP- C18-HS column (12 g). The
binary mobile phase consisted of methanol (solvent

A) and water containing 0.2% acetic acid (solvent B).

Abinary gradient elution program with the flow-rate
of 4 mL/min was used for the separation. The
system was run with a gradient program: 20 mL 80%
B; 50 mL 80-70 % B; 10 mL 70-40% B; 30 mL 40-
15% B; 10 mL 15% B. The column was first
equilibrated with 20 mL 80% B, the 1.024 g S.
tamariscian extracted by ultrasonic dissolved in 2
mL methanol was then injected into the column.
Peaks of interest were monitored at 337 nm by a
DAD detector. The fractions were collected into
test tubes per 10 mL with a fraction collector, and
further analyzed by HPLC-DAD. The fractions
were determined at over 98% purity by HPLC were
combined, which was prepared for further ESI-MS
analyses, then freeze-dried. The purified compounds
were stored at -20 °C before HPLC quantitative
analysis.
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HPLC Analysis

HPLC equipped with DAD detector was used for
the analysis of biflavonoids of S. tamariscina. The
separation was carried out in an Agilent Extend-Cig
column (250x4.6 mm, 5um) with a Cig guard
column.  The binary mobile phase consisted of
methanol (solvent A) and water containing 0.2%
acetic acid (solvent B). All the solvents were
filtered through a 0.45 pm filter prior to use. The
sample injection volume was 10 uL.. The flow-rate
was constantly kept at 1.0 mLmin-1 with a total run
time of 20 min. Column temperature: 30 °C. The
system was run with a gradient program: 0-5 min:
70% B to 40% B; 5-10 min; 40% B to 20% B; 10—
18 min: 20% B to 10% B; 18-20 min: 10% B to 70%
B; detection wavelength: 337 nm.

Seven amentoflavone methanol samples of
different concentrations (0.1 mg/mL~2.5 mg/mL)
were loaded into HPLC system for construction of
the calibration curve by plotting the peak areas (YY)
versus the quality (X). Each extract sample was
loaded into HPLC system for identification and
guantification of amentoflavone in S. tamariscina,
respectively.

ESI-MS experiments

The mass spectrometry experiments were
performed on a Thermo Scientific LCQ Fleet mass
spectrometer with an electrospray ionization (ESI)
interface (ThermoFisher, USA). The flow-rate was
constantly kept at 10 pL/min. The sheath gas and
auxiliary flow rates were set at 40 and 10 (arbitrary
unit), respectively. The capillary voltage was set at
4.5 V and its temperature was controlled at 350 °C.
The isolation width for ESI-MSn was 2.0 Da, and the
collision energy (%) was 20-25%. Full scan of ions
ranged from 100 to 1500 molecular weights in the
negative ion mode.

RESULTS AND DISCUSSION

HPLC quantification of amentoflavone content
of different extract

In this study, we prepared seven amentoflavone
methanol samples of different concentrations to
construct the calibration curve and quantified the S.
tamariscina extracts with different extraction
method by HPLC. The linear regression equation
was calculated as Y= 254190X - 52.189, (r=0.9998),
which showed good linear regression within the test
ranges (1~25 pg). The amentoflavone content in
different S. tamariscina extracts was calculated as
shown in Table 1 and Table 2.
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Comparison of different extraction solvent

It is known that biflavonoid are flavonoid
dimmers connected with a C—C or a C—-O—C bond,
most of them have lower polarity than flavonoid
containing many hydroxyl groups. Hence, 70%
aqueous ethanol, hexane, n-butanol, ethyl acetate
had been tested. As shown from the result of Table
1, amentoflavone content of 70% aqueous ethanol
extract was higher (14.051 mg/g) than others, and
that of hexane extract was the lowest (0.404 mg/g).
It is not significantly different from those obtained
by n-butanol (1.718 mg/g) and ethyl acetate extracts
(1.707 mg/g). The reason may be the polarity of 70%
aqueous ethanol is similar with the amentoflavone.
So 70% ethanol was proved to be most efficient to
extract the biflavonoids from the S. tamariscina.

Comparison of different extraction methods

In order to evaluate the performances of the
optimal method, five extraction methods were also
applied. The chromatogram of the extract obtained
by the ultrasonic extraction method was shown in
Fig. 2A.

The amentoflavone content of different crude
extract (Table 2) obtained by five methods
mentioned above were significantly different; the
extraction yields obtained by the reflux method are

higher than those obtained by the other four methods.

As shown from the result, we should know that
extraction temperature has significant impact on the
extraction efficiency. Increasing the temperature
could improve the yield of amentoflavone, the reflux
extraction with 90 ‘C obtained the highest extraction
amount (33.006 mg/g). If the extraction
temperature was lower, the content of
amentoflavone would be reduced obviously.

Followed by accelerated solvent extraction (ASE)
with 80 °C (27.880 mg/g) , SFE-CO- extraction with
60 ‘C (20.181 mg/q), respectively. From the result,
it is not significantly different from those obtained
by soaking extraction and ultrasonic extraction, the
reason may be the extraction temperature was
similar (40 °C and room temperature), the both
methods obtained the lower content (Table 2).
Compared with temperature, the extraction
pressure probably influenced less on the extraction
yield, reflux extraction with atmospheric pressure
got the highest content of amentoflavone, ASE and
SFE with higher pressure but lower content than
reflux extraction. The extraction time of reflux
method is longer than that of ASE (12 min). ASE
extraction process included injecting extract solvent,
elevating pressure, static time of 4 min, flushing
elution with 60% volume, and purging the nitrogen
of 60 s, extracting three times, relieving pressure. It
would take more time to complete the extraction, not
much shorter than that of reflux extraction. The
results indicated that the reflux method was suitable
for extracting amentoflavone from S. tamariscina.

Separation amentoflavone by RP-MPLC

MPLC has enabled a significantly improved
efficiency in separation and purification of the
compounds of interest, and enriched some lower
content compounds in the herb in short time. The
theory of MPLC separation is much similar with
HPLC, so we selected the separation condition
depended on the condition of HPLC. In RP-MPLC
Separation, a Biotage® SNAP Cartridge KP-C18-
HS column (10 g) was used to separate biflavonoids
in the extract of S. tamariscina and the RP-MPLC
chromatogram is given in Fig.2. As shown in Fig.2,

Table 1.Amentoflavone content of different extraction solvent

Extraction solvent Crude drug (9) Amentoflavone (mg/g)

70% aqueous ethanol 5.001 14.051

n-butanol 5.002 1.718

Ethyl acetate 5.006 1.707

Hexane 5.007 0.404

Table 2. Amentoflavonecontent of different extraction methods
Extraction methods Crude drug(g) Extraction time Temperature Ame(r:;%f/gvone

Accelerated solvent . .
extraction (ASE) 5.005 12 min 80 C 27.880
SFE-CO2 extraction 5.006 15h 60 C 20.181
Reflux extraction 5.009 1h 90 C 33.006
Soaking extraction 5.007 2h 40 C 14.727
Ultrasonic extraction 5.005 1h Room temperature 14.051
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one major fraction was observed, and the fractions
were collected into test tubes per 10 mL with a
fraction collector, and further analyzed by HPLC.
All fractions of the same compound at high purity
determined by HPLC were combined, and freeze-
dried. The present RP-MPLC Separation produced a
total of 0.44 mg of fraction I from1.024 g of crude
extract in one run.

AL
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Fig. 2.RP-MPLC chromatogram of S. tamariscina
extract

The crude extract of S. tamariscina and the
fractions corresponding to each peak isolated by RP-
MPLC were further analyzed by HPLC, and the
results are given in Fig. 3 (A-B). Tentative
identification of the compound in RP-MPLC
separation was achieved by the comparison of
congruent retention time with that of the crude
extract of S. tamariscina (Fig. 3). HPLC analyses
of the MPLC fraction revealed that the biflavonoid
was over 98% purity.
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Fig.3. HPLC profiles of the compounds in S.
tamariscina ( A. The crude extract; B. Compound 1 in RP-
MPLC separation)

Identification by ESI-MSn

To further investigate the structure of the
compound in RP-MPLC separation, ESI-MS"
experiment was attempted. Compound related to
the peak 1 exhibited intense molecular ions [M-H]
at m/z 537 in the negative mode, and low intensity
dimer [2M-H] ions at m/z 1075, from which the
molecular weights of peak 1 was confirmed to be
538. In ESI-MS" experiment, the deprotonated
molecular ion [M-H]~ at m/z 537, and four main
fragment ions at m/z 443, 417, 375 and 331 were
observed in NI-MS.

The proposed fragmentation route is, main
daughter ion at m/z 433 produced directly from m/z
537 by two y-H of the A-ring in flavonoid part
Toccurred McLafferty rearrangement, losses of C30,,
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followed by the cleavage of the C-ring in flavonoid
part I at positions 0/4 (0,4A) , losses of CoHa.
The MS? spectra of the [M-H] ions also showed one
daughter ion of m/z 417, which indicated the loss of
C7Hs0; via the cleavage of the C-ring in flavonoid
part Il at positions 0/2  (0,2A) . Inthe MS?® spectra,
low abundance fragment ion at m/z 331 also be
found, which could be obtained by two y-H of the
[ -A-ring in m/z 417 undergone McLafferty
rearrangement, losses of Cs;0,, and lose a H.O
molecule via intramolecular dehydration between —
OH on the IB4’ and [IA7”. The fragment ion at
m/z 375, which corresponded to the loss of a CyHsO3
unit from the cleavage of the C-ring in flavonoid part
Il at positions 0/4 in the parent ion m/z 537, it is
similar with biflavonoids mass spectra of previous
report studied [11-12]. Generally, fragmentation
routes involving the cleavage of the C-ring in
flavonoid part 1l at positions 0/2 and 0/4 are the
primary  pathways of  amentoflavone-type
biflavonoids in our experiment. By comparing the
retention time, peak order and molecular weights
information of ESI-MS data with above LC-ESI-MS
experiment, the compound 1 was confirmed as
amentoflavone. Based on the LC peak cases,
detection of the molecular ions and the fragment ions
of the molecular ion obtained in the CID
experiments with those of the data reported in the
literature, the compound corresponding to peak 1
was therefore identified as amentoflavone [13-15].
The structure of the amentoflavone (peak 1) is
showed in Fig. 1. Amentoflavone is a biflavonoids
consist of two flavonoids connected by IC3’-1IC8”.

CONCLUSION

The present  paper  describes  several
chromatography methods were joint applied to
analyze and separate the bioactive compounds of
S.tamariscina.To establish the quantitative analysis
HPLC method to compare with different extract by
determining the content of amentoflavone. The
result indicates that extraction temperature has
significant impact on the extraction efficiency, and
reflux extraction is proved to the more effective
technique for extracting biflavonoid than ASE, SFE-
CO, extraction, soaking extraction and ultrasonic
extration. RP-MPLC was successfully applied to
separate biflavonoid from extract of S. tamariscina.
High-purity amentoflavone was obtained and at over
98% purity as determined by HPLC. ESI-MS"
method could also be applied to rapid identification
of obtained compound based on the detection of the
molecular ions, and the fragment ions of the
molecular ion with those of the data reported in the
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XPOMATOI'PA®UA HA PA3SIAEJIAHETO, KAYHECTBEHUA U KOJIMYECTBEHUA AHAJIN3
HA BUD®JIABOHOU/IM B CYPOBU EKCTPAKTHU OT Selaginella tamariscina

X.JI. bait, /Ix. Banr, L[.M. JIro*
Lenapmamenm no xumus, Ynueepcumem 6 Yaneyn, Yaneynl130032, Kumai
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(Pesrome)

HI3BEeCTHO € OT MPEeIUIIHN H3CJIeBAHUS, Y€ KIAaChT ON(IaBOHOUIN UMa rojiaMa (papMaKoIOTHIHa AKTHBHOCT, KOSTO
Tpsi0Ba &la ce M3MOJI3Ba IMO-IIBJIHO, Thil KATO MHOTO OT TAX HE Ce cpeliar B mpupojara. Ilopaau TAxHaTa roisma
OWOJIOTMYHA aKTUBHOCT ¥ KAYECTBEHHS KOHTPOJI HAa MEJMIMHCKHATE PACTEHHS € HEOOXOMMO Ch3JaBAaHETO Ha e()EKTUBHU
METO/IM 33 eKCTPAKIIUs, H30JIMpaHe U MPEYUCTBaHe Ha ON(IaBOHOUAUTE OT pacTeHUeTo S. tamariscina. 3a oueHsBaHETO
Ha ONTHMAJICH METOJ 38 SKCTPAKLKS ca U3IMUTAHU YETHPH PA3TBOPHTENS, IIET METO/IA 32 eKCTpakuus (YCKOpeHa TedHa
eKCTpaKLusl, CBpbX-KpuTHuHa ekcTpakuust SFE-CO,, ekcTpakuust ¢ pelyKbil, ¢ IPOMUBAHE U YITPAa3ByKOBA eKCTPAKLIMS
) 3a M3BJIMYaHEe HA OHOJIOrMYHO-aKTHBHH BemecTBa oT Selaginella tamariscina. Msnuran ¢ BETX-MeTo 1 3a KOJIMYeCTBEH
aHaJIU3 U € HallPAaBeHO CPaBHEHUE C ONPE/ISIITHETO Ha aMaHTO(IaBOH B Pa3IMUHHUTE eKCTpakTh. Pe3ynrarture nmokasear,
4e TeMIepaTypara Ha eKCTPaKLHs UMa 3HAUYUTEITHO BIMSHUE BbPXY e(DEKTUBHOCTTA Ha EKCTPAKLHSA, a eKCTPAKLUHUITA C
PeLMKbBI pejsiara Hail-e)eKTHBEH croco0 3a u3Bnuyane Ha oudasonoum ot S. tamariscina. Teunara xpomarorpadus
¢ obparHa ¢aza m ymepeno HaisraHe (RP-MPLC) e mpunoxeHa Ha-Hampenx 3a pasfeliiHeTO W W30JIMPaHeTO Ha
OudnaBoMounau ot ekcTpakTH oT S. tamariscina. INomydyenu ca 6udnaBoHOHIM ¢ BHCOKa 4yncToTta (Han 98%), KakTo e
ompenenenod upe3 BETX. Ocen ToBa, enexrpocnpeii-ionHa mac-ciektpomerpust (ESI-MS) e npunosxena 3a 6bp3ata
uneHTHUKALNS Ha CheJHHEHHUTA MOTYyYSHH OT eKCTpakTUTe oT S. tamariscina. AMeHO(GIaBOHBT € WACHTH()ULNPAH
Yype3 JeTeKIHs Ha MOJIEKYJIHH HOHH, a pparMeHTHHTE HOHH, osrydeHu npu CID-excriepuMeHTHTe ca CpaBHEHU C IaHHU
OT JIUTEpaTypaTa.

[MpuosxkennTe Xxpomarorpad)CKu TEXHOJIIOTHH ca e()eKTUBHH U TTOIXO/IAIIN 32 KCTPAKIHs, pa3AeisiHe, KOJIMIECTBeH
Y Ka4ueCTBEH aHalu3 Ha OuQraoHOUANTE OT pacTeHueTo S. tamariscina.
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