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ABSTRACT

Swertiamarin (SWMN) from herbal plant Enicostemma littorale Blume was isolated using Flash
Chromatography as white crystals with a yield of 9.85% w/w and ~98.5% purity. Swertiamarin
was characterized using melting point, TLC fingerprinting, HPTLC, MS, FT-IR, and 1H-NMR.
All values were compared using the available information. Flash chromatography was used in this
investigation to isolate SWMN quickly, easily, and efficiently.

Keywords: Flash chromatography, Swertiamarin (SWMN), Separation, Isolation, Enicostemma
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1. Introduction

Anthocleista procera, Enicostemma littorale, Swertia chiraytiya, davidi, patens, mileensis, and
pseudochinesis all contain swertiamarin (SWMN)[1,2] and portrayed as an Enicostemma littorale
biological lead compound. The pharmacological actions of SWMN are diverse[2-18]. Isolation
of SWMN was done by solvent fractionation[9], column chromatography using silica
gel[8,10,19,20] and by centrifugal partition chromatography[21] from different Enicostemma and

Swertia species with improved yield of SWMN. But, all methods were considerably time
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consuming[21] for the separation and isolation of SWMN from different plants. Bioactive
compounds from crude extracts or fractions must be separated, isolated, and purified. Flash
chromatography separates natural product mixtures with intermediate resolution at cheap cost[22].
Chromatographically, it separates fast [23,24]. Pure phytoconstituents are separated via
chromatography. However, combining one or more chromatography procedures may purify
phytoconstituents[25].

In this study, SWMN was separated from Enicostemma littorale using flash chromatography for
the first time. We demonstrate flash chromatography-based SWMN isolation from Mamejava
(Enicostemma littorale Blume) alcoholic extract (CombiFlash Rf 200 TELEDYNE ISKO).

2. Materials and Procedures

2.1 Equipment’s and Materials

TLC plates with a pre-coat (silica gel 60 F254 (E. Merck); p-anisaldehyde reagent (Spectrochem);
UV-cabinet (CAMAG); silica gel (particle size 40-60 /230 — 400#) (Merck, Germany); melting
point apparatus (VEEGO-VMP-PM); TLC chamber with two troughs (10x10), and high
performance thin layer chromatography (HPTLC) (CAMAG Flash chromatography was
conducted using analytical-grade solvents that were bought from Fisher Scientific. SWMN was
separated using a method for automatic flash chromatography (CombiFlash Rt 200, Teledyne Isco,
Lincoln, NE, USA).

2.2 Plant collection and authenticity

Enicostemma littorale Blume's whole plant was collected in March 2021 from Dharampur in the
Valsad district; certified as authentic by a taxonomist; and selected after consulting the Gujarat
Flora[26]. IGU/Botany/514 voucher specimen was kept at Indira Gandhi University at Meerpur,
Haryana, India. Plant material was pulverised and kept for later use after being dried at 37°C in a

hot air oven.

2.3 Fractionation of Enicostemma littorale Blume alcoholic extract
Powdered material (200 g) was extracted with absolute alcohol (5 x 300 ml) on a shaker at 70 rpm
until no swertiamarin (SWMN) was detected in thin layer chromatography (TLC). Under reduced

pressure, the solvent was vaporised in a rotating evaporator at 40 °C. Cold diethyl ether was
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applied to the resultant alcoholic extract to create a precipitate that weighed 60 g. The precipitate
was loaded onto a chromatographic column with a silica gel slurry (60-120#, E. Merck, Germany),
eluted with petroleum ether, and then subjected to a gradient elution with ethyl acetate (0-80%).
Co-thin layer chromatography (co-TLC) in fractions of ethyl acetate and petroleum ether (80:20
v/v) was then used to monitor SWMN. SWMN-containing fractions were concentrated to dryness.
500 mg of dried chemicals were separated by flash chromatography.

2.4 Sample Preparation, isolation and separation by Flash chromatography

The empty solid sample cartridge's bottom frit was checked before processing. Under decreased
pressure, the sample mixture (500 mg) was dissolved in a binary solvent solution (chloroform and
methanol) and adsorbed on silica gel (240-400#). The cartridge was tapped on the benchtop to
settle the sample. The cartridge's frit was pressed against the mixture using a plastic plunger.
Wiped and capped the cartridge's leftover powder. Loading the solid sample cartridge with cap on
the sample injection port.

The silica gel-impregnated mixture containing SWMN (500 mg) was flash chromatographed on a
40 g silica gel flash column (240-400#) TELEDYNE ISKO CombiFlash Rfzp. To eliminate air
interruption, the instrument was started with a purging operation lasting up to 0.5 minutes to
remove air from the tubing. The prepared sample of 200 mg was flash chromatographed using a
binary solvent technique (chloroform and methanol). For fraction collection, two collection tube
racks (60-5237-032) were employed. Prior to separations, the column was equilibrated with
solvent A (chloroform). SWMN was separated in a gradient system of solvents A (chloroform)
and B (methanol) for 20 minutes: 100% A for 3 minutes, 10% B for 4.5 minutes, 2.5 minutes, 20%
B for 2 minutes, and 12 minutes. The flow rate was kept constant at 20 mL/min, and separate
fractions (15 mL) were collected by measuring the eluting analytes at 242 nm (red colour) and 360
nm (purple colour), as indicated in the (Fig. 1). Kumar et al[10], stated that the wavelength of
SWMN was 242 nm. Six SWMN-containing fractions (22-27) were pooled together and
concentrated to dryness in a rotary evaporator under vacuum, and the yield was determined. The
extraction, fractionation, and isolation procedures were observed using thin-layer chromatography
(TLC) for SWMN (chloroform:methanol, 8.5:1.5 v/v).
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2.5 Identification and purity determination of isolated SWMN

The isolated SWMN was identified by melting point, co-TLC fingerprinting with std. SWMN in
the chloroform/methanol (8.5:1.5 v/v) mobile phase of the TLC[10] under UV 254 nm and
derivatized by the alcoholic p-anisaldehyde reagent to establish purity. HPTLC analysis was
performed using a CAMAG 140 LINOMAT 5 automated TLC spotter to deposit samples to pre-
coated plates of silica gel 60 F2s4 (E. Merck; 139-Kieselgel 60F2s4) (Switzerland). CAMAG TLC
Scanner-3 and CAMAG 1.3.0 (WIinCATS software) acquired UV spectra.

2.6 Characterization of isolated SWMN

Shimadzu Fourier-transform Infrared (FT-IR) spectrophotometer was used to record infrared
spectrum; Perkin-Elmer APl 165 mass spectrometer (LC/MS) was used to get molecular ion mass
spectra; and 1H nuclear magnetic resonance (*H-NMR)and *3C-NMR spectra were recorded in
MeOD on a Bruker Advance Il (500 MHz) FT-NMR spectrometer.

3. Result and Discussion

SWMN was fractionated from Enicostemma littorale Blume and separated by flash
chromatography. The yield of the isolated SWMN was (50.8 mg, 9.85% w/w) as colorless crystals
from the fraction containing SWMN (500 mg).

3.1. Identification and purity profiling of isolated SWMN

Rf values of concentrated fractions (22-27) from flash chromatography verified the identification
of SWMN (Fig. 1). TLC indicated a single spot of collected and concentrated fractions (22-27)
(2nd lane) from flash chromatography with the same Rf value (0.30) as standard SWMN (1st lane)
in flash chromatography. TLC fingerprinting of isolated and standard SWMN in mobile phase
[chloroform/ methanol (8.5: 1.5 v/v)] showed that Rf (0.28) values were identical (Fig. 2). SWMN
was identified by TLC.
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Fig. 1 (a) Flash chromatogram of dry mass fraction (500 mg). Peaks obtained for each separation
are coloured and numbered. Red and purple line graphs represent absorbance measured at 242 and
360 nm, respectively.; (b) shown the peak at wavelength 242 nm; (c) shown the collected fractions
at wavelength 242 nm in test tubes.

Derivatizatized ‘

Swertiamarin

1 2 1 2

Fig. 2 Standard SWMN (1st lane) and isolated SWMN in gathered test tube fractions (22-27) (2nd
lane) TLC fingerprint profiles in the TLC mobile phase [chloroform/methanol (8.5: 1.5)]. TLC was
observed under 254 nm and derivatized by the p-anisaldehyde reagent.
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Co-eluting impurities like metabolites or isomers create peaks that are too close to the original
substance's peak. The chromatogram reveals shoulder patterns if their concentrations are high.
Beer's law states that a spectrochromatogram with two bilinear forms shows the simultaneous
absorption of the primary substance and a co-eluting impurity[10,27]. Pure solid compounds could
be tentatively identified by melting point. A small impurity lowers a compound's melting point by
a few degrees and expands its melting-point temperature range[28]. The sharp melting point of
isolated SWMN was 113-114°C, matching Merck Index data, 2013[29] results for pure substance.

Overlay UV absorption spectrum at start, middle, and end point of spot on TLC plate at
wavelength 254 nm indicated purity of isolated SWMN. HPTLC and CAMAG 1.3.0 WinCATS
software showed that the isolated SWMN was ~98.5% pure. HPTLC was used to acquire an
overlay UV spectra of standard and isolated SWMN. The max of both was 242 nm as shown in

(Fig. 3).

Spectra comparison - Punty

2000 300.0 000 S00.0 aooo [nm] 000 ?
Fig. 3 overlay UV chromatogram of the isolated SWMN separated on TLC at (254 nm)
wavelength (start, middle, and end locations of the band).
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3.2 Characterization of isolated SWMN by MS, FTIR, and NMR

The mass spectrum of isolated SWMN in (-)ve mode at 373.7 m/z and (+)ve mode at 375.2
m/z[30] corresponds to the (C16H22010 and 374) molecular formula and molecular weight,
respectively (Fig. 4).

- ) 121121 p Tt S subliacted 0,553 fo 0870 mir) e 4t g LG5 0218 1 020 e o §4mpla (3 TR a3 083 51 1R RR R (Wt SR FAARR 0 10318 M)

- 7 (-)ve mode - (+)ve mode

e, 1052

Flg 4 Mass spectrum of |solated SWMN in ( )ve mode at 373 m/z and (+)ve mode 375 m/z

FTIR spectra of isolated (SWMN) exhibited multiple strong peaks in between 4000-400 cm™. IR
(KBr, cm™) v: 3347 O-H (stretch., hydroxyl), C-H (stretch., C-H stretching of alkanes) 2923, C=0
(stretch.) 1696, C=C (stretch., aromatic alkene) 1617, C-O-C (stretch., C-O vibrations of alcohols)
1408, C=CH2 (stretch. terminal alkene) 846 (Fig. 5)[10,30].
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Fig. 5 IR spectrum of the isolated SWMN (KBr, cm™, v).

'H-NMR signals of isolated SWMN (400 MHz, MeOD); chemical shift values (5): 1.28 (ddd; J =
13, 5; 11 Hz; H-60), 1.67 (ddd; J = 13; 2; 3 Hz; H-6B), 2.95 (dd, J = 1; 9.5 Hz; H-9), 3.81 (dd; J
=12; 2 Hz; H-7B), 4.26 (dd; J =4; 1.5 Hz; H-7a), 5.63 (d; J = 1.7 Hz; H-1), 7.54 (s; H-3) and
other protons indicated their presence at 3.56 (m; H - 2’, 3°,4°,5°); 3.81 (dd; J = 5; 2 Hz, H-11a),
4.45 (dd; J =11, 3 Hz; H-11B); 4.66 (dd; J =12, 5, 11 Hz; H-10)[10,30,31] as shown in (Fig. 6).
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Flg 6 1H- NMR spectrum of |solated SWMN at 400MHz
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Spectral methods including MS, FTIR, and *H-NMR were used to analyse the structure of isolated
SWMN (Fig. 7)[10,29,31].

Fig. 7 Structural representation of isolated SWMN (C16H22010).

Conclusion

Flash chromatography separated SWMN from Enicostemma littorale Blume alcoholic extract
fractions in high yield and purity. This rapid, easy, and effective approach can isolate this chemical
for biological activity investigations.
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