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Abstract A rapid analytical method has been developed to

determine xanthone and secoiridoid glycoside in in vitro and

in vivo Swertia chirayita extracts. Ultra performance liquid

chromatography–electrospray ionization mass spectrometry

(LC-ESI/MS) was applied and validated for the analysis of

xanthone and secoiridoid glycoside a potential active compo-

nent isolated from methanolic extracts of in vitro and in vivo

Swertia chirayita plantlets. Chromatographic separation was

achieved on a RP-C18 column using gradient elution.

Mangiferin (Xanthone), Amarogentin and Swertiamarin

(Secoiridoid glycosides) were identified in both the extracts.

In the LC/ESI-MS spectra, major [M+H] + and [M+Na] +

ions were observed in positive ion mode and provided molec-

ular mass information. An ultra-performance liquid-chroma-

tography in combination with electrospray ionization tandem

mass spectrometry involving metal cationisation was success-

fully utilized for the rapid identification of xanthone and

secoiridoid glycosides. This method is suitable for the routine

analysis, as well as for the separation and identification of

known and novel secoiridoid glycoside and xanthone.
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Introduction

S. chirayita (Roxb. ex Fleming. H. Karst.) is used as herbal

medicine for various health ailments and it has been used in

Unani medicine (Joshi and Dhawan 2005). Extracts of

S. chirayita have been shown to possess antioxidative,

antihepatotoxic and hypoglycemic, anti-inflammatory, antimalar-

ial, anticarcinogenic, and antimicrobial activities (Kar et al. 2003;

Saha et al. 2004; Tripathi et al. 2005). Previous reports docu-

mented the presence of flavonoids, xanthones, terpenoids, iridoid

and secoiridoid glycoside, that are responsible for therapeutic

properties in S. chirayita (Pant et al. 2000). The bioactive con-

stituents include the xanthone and secoiridoid glycosides

consisting of mangiferin, amarogentin and swertiamarin.

Mangiferin has been reported to possess various biological ac-

tivities like antitumour, antiviral, antioxidant, antidiabetic and

immunomodulatory activity (Guha et al. 1996; sanchez et al.

2000; Garcia et al. 2003). Swertiamarin, and Amarogentin com-

pounds also possesses various biological activities such as che-

mopreventive, antibacterial, anticholinergic and antihepatitis ac-

tivity and served as important chemotaxonomic markers (Saha

et al. 2006; Yamahara et al. 1991; EI-Sedawy et al. 1989). Mass

spectrometry (MS), especially coupled with electrospray ioniza-

tion (ESI), is an important physiochemical method for the anal-

ysis of bioactive compounds. Protonated ions are usually gener-

ated by ESI-MS in positive ion mode (He et al. 2013).

Identification of compounds in botanical extracts is established

by a combination of useful online system liquid chromatography

(LC) photodiode array UV–vis detection and electrospray

ionisation mass spectrometry (ESI-MS) (He et al. 1998;

Cubbon et al. 2010). Swertiamain, Gentiopicrin and Mangiferin

were identified by TLC in Swertia chirayita and its content was

determined by HPLC (Yuan-can et al. 2010). Determination of

five active components in Swertia chirayita by HPLC is also

reported by Lei et al. (2010). Very few reports have been docu-

mented the analysis of xanthone and secoiridoid glycosides
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Fig. 1 a. UPLC chromatogram of Mangiferin (Standard compound). b.

UPLC chromatogram of Swertiamarin (Standard compound). c. UPLC

chromatogram of Amarogentin (Standard compound). D. Toatl ion

chromatogram of in vitro plant extract of S. chirayita. E. Total ion

chromatogram of in vivo plant extract of S. chirayita
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Fig. 1 (continued)
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composition of wild S. chirayita by using liquid

chromatography/tandem mass spectrometry (Suryawanshi et al.

2006, 2007). Hence, the present investigation was undertaken

with the objective of to present a LC-ESI/MSbased technique for

the identification and analysis of xanthone (mangiferin) and

secoiridoid glycosides (swertiamarin, amarogentin) in methano-

lic extracts of in vitro regenerated and in vivo S. chirayita. The

study was performed in positive ion mode.

Experimental

Reagents and standards

Acetonitrile (HPLC grade) was purchased from Thomas

Baker (Mumbai, India). Ultra-pure water was obtained from

a MilliQ PLUS purification system (Millipore, USA). All the

three standards (Mangiferin, Amarogentin and Swertiamarin)

were procured from Chromadex™.

Plant material

Young and mature S. chirayita plants were collected from

natural habitat of Darjeeling, West Bengal during the month

of November. Following the procedure described by Kumar

et al. (2014) leaf explants excised from young plants were

decontaminated in 0.2% Bavastin solution followed by (5-

6drops/100 mL) Tween 20 (20 min) and 0.1% mercuric

chloride (8 min). The leaf explants were rinsed three times

in sterile distilled water, cut into approximately 1 cm3

cubes and inoculated onto Murashige and Skoog (MS)

(1962) medium supplemented with 30 g L−1 sucrose,

0.1 g L−1 myo inositol and 1.0 mg L−1 6- Benzyladenine

(BA), 100 mg L−1 Adenine sulphate (Ads), 0.1 mg L−1

Indole-3-acetic acid (IAA), and 0.8 % agar, pH 5.8. In vitro

shoots were maintained in a growth chamber under a 16 h-

photoperiod at the light intensity of 40 μmol s−1 m−2 pro-

vided by white fluorescent tubes and temperature 25±2 °C.

The shoots were subcultured every 4 weeks.

Preparation of plant extracts

In vitro regenerated and wild plants were freeze-dried

and lyophilized. The ground materials (100 mg/mL)

were homogenized with methanol. The resultant extracts

were centrifuged for 10 min at 3000 rpm and the

supernatant was retained for analysis.

Fig. 1 (continued)
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Fig. 2 a. LC/ESI-MS/MS spectra of Mangiferin (m/z 423) in in vitro S.

chirayita extract. b. LC/ESI-MS/MS spectra of Amarogentin (m/z 587) in

in vitro S. chirayita extract. c. LC/ESI-MS/MS spectra of Swertiamarin

(m/z 375) in in vitro S. chirayita extract. d. LC/ESI-MS/MS spectra of

Mangiferin (m/z 423) in in vivo S. chirayita extract. e. LC/ESI-MS/MS

spectra of Amarogentin (m/z 587) in in vivo S. chirayita extract. f. LC/

ESI-MS/MS spectra of Swertiamarin (m/z 375) in in vivo S. chirayita

extract
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Fig. 2 (continued)
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Separation of secondary metabolites using UPLC

Analytes were separated using a Waters Acquity UPLC

system (Waters ACQUITY QSM) consisting of an

Acquity UPLC binary systems manager, an Acquity

UPLC sample manager, a PDA detector and an H/T col-

umn heater containing an Acquity UPLC BEH C18 reverse

phase column (2.1 mm×50 mm; 1.7 μm particle size).

Several mobile phases (acetonitrile, methanol, water with

and without additives like 0.1% formic acid and 5 mM

ammonium acetate pH 4.2) and different gradient elu-

tion programs were tested to choose and optimise the

best analytical conditions for simultaneous detection of

mangiferin, amarogentin and swertiamarin. The binary

mobile phase optimised consisted of (A) acetonitrile and

(B) 5 mM ammonium acetate pH4.2. A linear gradient

(curve no. 6) elution program was applied as follows:

Initial: 10% A, 90% B; 0–4 min: 40% A, 60% B; 4–

6 min: 70%A, 30%B; 6–8: 80%A, 20%B; 8–10: 10%A,

90%B; 10–15: 10%A, 90%B. The flow rate was main-

tained at 0.5 ml min−1 and the temperature of the column

and sample manager were set at 40 and 5 °C respectively.

Injection volumes were 2 μl for standards as well as for

samples. The pressure limits were set at 0 psi low and 15,

000 psi high, the highest pressure observed was 9346 psi

during the elution process. The PDA (Photo Diode Array)

detector was set at 254 nm and instrument operations, data

acquisition and processing were performed using EmPower2

chromatographic data software. The Mangiferin,

Amarogentin and Swertiamarin peaks from samples were

identified by the comparison of retention times with the cor-

responding retention times of standards.

Mass spectrometry conditions

To confirm the identification of secondary metabolites in

in vitro and in vivo plantlets of S. chirayita, samples were

subjected to UPLC and separations were performed. The TUV

eluent was sent to Electrospray Ionisation Mass

Spectrometer (ESI-MS) operated in positive ion mode.

Probe and source conditions included capillary voltage

3.50 kV, 350 °C desolvation temperature, 50 L h−1 cone

gas, 650 L h−1 desolvation gas and 110 °C block

t empe r a t u r e . Mang i f e r i n , Swe r t i ama r i n a nd

Amarogentin were identified based on comparison of

the mass fragmentation tandem MS analysis data with

standard compounds.

Results and discussion

The capacity of in vitro cultures to accumulate secondary

metabolites is an interesting biochemical phenomenon in plant

cell biotechnology applications. S. chirayita plants has a di-

verse chemical profile (Joshi and Dhawan 2005). The xan-

thone (Mangiferin) and secoiridoid glycosides (Amarogentin

and Swertiamarin) profiles of in vitro regenerated and wild

plant extracts were analysed using LC-ESI/MS (Figs. 1 and 2;

Table 5). For analysis, three reference compounds procured

from chromadex™ viz. swertiamarin, mangiferin and

amarogentin were used in the experiment. The results indicate

similarity in presence of mangiferin, amarogentin and

swertiamarin between in vitro and wild plant extracts. There

was a variation in the concentration of mangiferin,

amarogentin and swertiamarin between both the extracts.

The concentration of Amarogentin was higher in wild plant

extracts compared to a in vitro regenerated plant extracts

(Table 5). The concentration of mangiferin and swertiamarin

were higher in in vitro regenerated compared to wild plants

(Table 5). This finding is concordant with the results of a

similar study in Centaurium erythraea (Jankovic et al.

2011). He also reported higher amounts of xanthone com-

pounds in in vitro raised plantlets in comparison to naturally

growing plantlets. Similarly, higher concentration of

mangiferin and swertiamarin in in vitro compared to wild

plant extracts has been recently reported by Kumar et al.

(2014).

Initially, full scan LC/ESI-MS spectra of in vivo and in vitro

S. chirayita methanolic extracts was acquired in positive ion

mode utilizing the LC gradient condition as described earlier

with a mobile phase consisting of acetonitrile and 5 mM

ammonium acetate pH4.2. LC/ESI-MS spectral data of

in vivo and in vitro S. chirayita methanolic extracts are pre-

sented in Tables 1 and 2 and shows a series of peaks between

m/z 200–1000. In positive ion mode of LC/ESI-MS experi-

ments, all components in in vitro extracts showed highly

Table 1 The ions detected (m/z) in LC/ESI-MS spectra with positive

ion mode at constant cone voltage in in vitro regenerated S. chirayita

extract

Mode Compound [M+H]+ [M+Na]+ [M+K]+ [M+NH4]
+

ESI+ Mangiferin 423 445 461 –

Amarogentin 587 – – 604

Swertiamarin 375 – 413 –

Table 2 The ions detected (m/z) in LC/ESI-MS spectra with positive

ion mode at constant cone voltage in in vivo S. chirayita extract

Mode Compound [M+H]+ [M+Na]+ [M+K]+ [M+NH4]
+

ESI+ Mangiferin 423 _ 461 _

Amarogentin 587 _ _ 604

Swertiamarin 375 397 413 _
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abundant proton and sodium ion adducts but a relatively lower

proportion of potassium and ammonium adducts was also

detected (Table 1). In case of in vivo extracts all three compo-

nents showed highly abundant proton ion adducts but a rela-

tively lower proportion of sodium, potassium and ammonium

adducts were detected (Table 2). Similar results were obtained

by Suryawanshi et al. (2006, 2007) in in vivo methanolic

extracts of S. chirayita. The Collision induced dissociation

(CID) spectra and mass spectral data of in vivo and in vitro

extracts of fragment ions of all three compounds in positive

ion mode are given in Tables 3 and 4. The CID spectra of the

[M+H] + ion at m/z 423 (Mangiferin) in both extracts (in vivo

and in vitro) showed fragment ions at m/z 405 and 387

corresponding to subsequent loss of two water units, [M+

H–18] + and [M+H–36] +, respectively. A similar result was

found by Suryawanshi et al. (2006). The CID spectrum of the

[M+H]+ ion of Amarogentin (see Fig. 2b and e) in in vitro and

in vivo extracts contains fragment ions at m/z 391, 373, 359,

311, 289, 247, 229, 197 and m/z 391, 373, 359, 311, 281, 247,

229, 197 respectively. Highly abundant [M+Na]+ ions

completely replaced the protonated ion formation. Usually,

[M+Na]+ ions are found to be very stable and produce only

negligible amounts of fragment ions (Suryawanshi et al.

2006). Similarly this unfavourable phenomenon did not occur

with swertiamarin. As we observed LC/ESI-MS spectra in

positive ion mode for swertiamarin in in vivo and in vitro

extracts. The CID spectrum of the [M+H] + ion of

swertiamarin (see Fig. 2c and f) in in vitro and in vivo extracts

contains fragment ions at m/z 357, 327, 303, 284, 256, 247,

223, 213, 195, 183, 177 and 167. All three compounds

(mangiferin, amarogentin and swertiamarin) were analyzed

in in vitro and in vivo plantlets of S. chirayita. Table 5 shows

the total mangiferin, amarogentin and swertiamarin, contents

in in vitro and in vivo plantlets of S. chirayita. The amount of

mangiferin (11.48±8.41 μg/mL−1) and swertiamarin (15.16±

0.44 μg/mL−1) was higher in in vitro plantlets of S. chirayita

whereas amarogentin (30.45±0.68 μg/mL−1) was higher in a

in vivo plantlets.

In conclusion, a rapid and convenient LC/ESI-MS tech-

nique was developed and validated for the extraction and

identification of secoiridoid glycosides (Amarogentin and

Swertiamarin) and xanthone (Mangiferin) from in vitro and

in vivo methanolic extracts of S. chirayita, an important me-

dicinal plant. Major [M+H] + and [M+Na] + ions were

observed in LC/ESI-MS with positive ion mode and provided

molecular mass information. More detailed study in relation

of component identification and analysis is still awaited.
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