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INTRODUCTION

Accordingly, International Diabetes Federation (IDF), 387
million patients were affected by diabetes mellitus in 2014 and
the numbers will be increased up to 592 million people
worldwide, by 20301. This means that diabetes is a major
health problem affecting millions of people across the world2.
Today, among metabolic disorders, diabetes mellitus can be
considered a serious and expensive public health problem
Worldwide3–5. The causes of diabetes can be varied including
insulin deficiency due to pancreatic β-cells destruction and
abnormality in insulin sensitivity which leads to insulin
resistance. This impairs signal transduction in insulin
signaling, which will eventually result in hyperglycemia6.

Chronic hyperglycemia can lead to cardiovascular disease,
retinopathy, neuropathy, nephropathy, and diabetic foot
disease7,8. Despite considerable progress in the treatment of
diabetes by available treatments, diabetes and its secondary
complications continue to be a major medical problem. The
search for newer drugs continues because the existing
synthetic drugs have several limitations and also unable to
alleviate the pleiotropic effects of diabetes mellitus. Natural
sources have always been an exemplary source of drugs and
many of the currently available drugs have been derived
directly or indirectly from them9,10. Morphine, vinblastine,
vincristine, quinine, artemisinin, etoposide, teniposide,
paclitaxel and camptothecin are some examples of
pharmaceuticals derived from natural compounds6.
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ABSTRACT: Swertiamarin, a secoiridoid glycoside is one of the major components and an active lead
isolated from a perennial herb Enicostemma littorale (EL) Blume. Swertiamarin has been reported for its
number of pharmacological activities namely, hepatoprotective, antiedematogenic/anti-inflammatory, free
radical scavenging activity, antispastic activity, dyslipidemia, hypolipidemic effect and anti-hyperlipidemic
effect. Thus, swertiamarin has the potential to be a successful drug candidate in the future in the treatment of
various diseases. Isolation and characterization of the swertiamarin following a published procedure didn’t
yield the reported purity. Considering the therapeutic importance of swertiamarin, there is a need for the
development of an effective method for the compound in good yield and purity. This method involves column
chromatography of a methanolic extract of dried whole plant powder material of Enicostemma littorale Blume
for the isolation in pure form. Swertiamarin, as colorless crystals with a yield of 7.3%, 97.5% purity by HPLC-
PDA analysis was isolated and characterized by MS, IR and 1H-NMR. Comparison was done with reported
literature. The percentage yield and purity of isolated swertiamarin was improved by this method. © 2018
iGlobal Research and Publishing Foundation. All rights reserved.
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Swertiamarin is present in many plants like Anthocleista
procera Lept. Ex Bureau, Blackstonia perfoliata L. Hudon,
Centaurium erythraea Rafn., Enicostemma littorale, Gentiana
macrophylla Pall, Gentiana manshurica Kitag, Gentiana
scabra Bunge, Swertia chiraytiya Roxb ex. Flem Kurst.,
Swertia davidi Franch, Swertia patens Burk, Swertia
mileensis, Swertia pseudochinesis H. Hara.11. It has very low
toxicity12 and Vishwakarma et al. suggested that swertiamarin
was one of the major components of Enicostemma littorale
(Fig. 1).

Figure 1 Structure of swertiamarin from Enicostemma littorale

Swertiamarin is a secoiridoid glycoside and recently it has
been reported for its number of pharmacological effects
namely, antidiabetic13,14, antiarrithritic activity15,
hepatoprotective, antiedematogenic/anti-inflammatory, free
radical scavenging activity16, a CNS depressant effect and
anticholinergic activity17–19, anticholinergic18, antibacterial
activity 20, neurotrophic activity21. The separation, isolation
and purification of bioactive compounds with purity, good
quality as well as in quantity from a from a crude extract or
fractions of an extract is a long and expensive process22,
because of the target compound(s) presence in a matrix of
dozens of other constituents23. Natural product chemistry
usually begins from the separation and isolation of single pure
compound from such many structurally related ingredients22,24.
Most separation procedures, however, require diverse
chromatographic methods23.  Column chromatography has
found its place in many laboratories for the preparative
purpose. The advantage of column chromatography is mainly
due to: simple packing procedure, low operating pressure, and
inexpensive instrumentation25. However, the basic prerequisite
for successful separations in column chromatography is the
choice of the proper adsorbent and mobile phase. Adsorbent
particle size affects how the solvent flows through the
column26. The previously reported methods of swertiamarin
isolation were not efficient at quantitative as well as
qualitative levels. Therefore, we have developed a new
method for the isolation of pure swertiamarin by column
chromatography, which is rapid, economical method for the

isolation of swertiamarin in high yields and purity by column
chromatography.

MATERIALS AND METHODS
Plant materials
Collection and identification of the plant
The whole plant of Enicostemma littorale was collected from
Dharampur, Valsad district in November 2012. The material
was authenticated by a taxonomist and identity was confirmed
by referring Flora of Gujarat27. A voucher specimen NIPER-
A/NP/1112/05 was submitted at NIPER- Ahmedabad, India.
Plant material was shade-dried, powdered and stored in air
tight container for further use.

Equipment’s/Apparatus/Materials
Rotary evaporator (R-210) was used for solvent evaporation
and pre-coated TLC plates (silica gel 60 F254 (E. Merck), p-
anisaldehyde reagent (Spectrochem), UV-cabinet (CAMAG),
silica gel (230-400#) (Merck, Germany), melting point
apparatus (VEEGO-VMP-PM), twin trough TLC chamber
(10x10), HPTLC (CAMAG) were used during swertiamarin
isolation.

Extraction and isolation of swertiamarin
Powdered plant material (50 g) was loaded in a 250 ml
Erlenmeyer flask and fatty material removed by washing with
chloroform (5 x 200 ml) until the extraction solvent became
colorless. TLC analysis of the system (chloroform: methanol,
8.5:  1.5 v/v) indicated complete removal of the fats. The
material was extracted with methanol (4 x 500 ml) by cold
maceration. TLC analysis (chloroform: methanol (8.5: 1.5 v/v)
indicated complete extraction of swertiamarin. The methanolic
extract was filtered through Whatman filter paper (10 μ) and
concentrated to 50 ml. The methanolic extract obtained was
treated with cold diethyl ether to obtain 17 g of a precipitate.
The precipitate was loaded on a chromatography column with
slurry of 230-400 mesh silica gel and eluting solvent
chloroform, ensuring that no air bubbles form. Gradient
elution, starting with chloroform and then with chloroform
/methanol (0–5%), followed by further increment of methanol
in the decimal scale (5.1-5.9%). The isolation procedure was
monitored by TLC for swertiamarin (chloroform: methanol
(8.5: 1.5 v/v). Visualization was done at 254 nm followed by
derivatization with p-anisaldehyde for presence of other
impurities. Fractions containing swertiamarin were pooled and
concentrated to dryness to obtain 3.6 g of the material. The
isolated swertiamarin was stored at -20ºC until required for
further study. The identification of swertiamarin was done by
using HPTLC (CAMAG) and purity of standard and isolated
swertiamarin at 1 µg/ml and 5 µg/ml was determined by
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HPLC-PDA system (SHIMADZU LC-2010; PDA detector
(200-400 nm). The characterization of isolated swertiamarin
was done by using different spectral techniques such as:
Infrared(IR) spectra were recorded on Fourier-transform
Infrared (FTIR) spectrophotometer (Shimadzu), atmospheric
pressure ionization with ion spray mass spectra of molecular
ions were obtained on a Perkin-Elmer, API 165 mass
spectrometer (LC/MS), and 1H-Nuclear magnetic resonance
(1H-NMR) spectra was recorded in MeOD using Fourier-
transform (FT)-NMR spectrometer (Bruker Advance II (500
MHz), Switzerland).

General experimental procedures
Preparation of p-Anisaldehyde reagent
85 ml of methanol was taken in 500 ml glass measuring
cylinder and 10 ml glacial acetic acid was added and
thoroughly mixed with a glass stirring rod. After that 5 ml
sulphuric acid (H2SO4) was added in to mixture followed by
addition of 0.5 ml p-Anisaldehyde to the mixture and reagent
was ready to be prepared fresh before use.

Identification and comparison of UV absorption spectrum of
isolated swertiamarin with standard swertiamarin
HPTLC analysis was performed on pre-coated plates of silica
gel 60 F254 (E Merck, 139 Kiesel gel 60 F254, 0.2 mm) and
samples were applied on the plates using CAMAG 140
LINOMAT 5 Automatic TLC spotter (Switzerland). The
swertiamarin sample along with the standard was developed
(chloroform: methanol 8.5: 1.5 v/v), and UV spectra recorded
on a CAMAG TLC Scanner 3 with CAMAG 1.3.0 WinCATS
software. The melting point of standard and isolated
swertiamarin was checked by using a melting point apparatus
(VEEGO-VMP-PM) and UV absorption spectrum of the
isolated swertiamarin was taken at start, middle, and end
positions of the band by HPTLC.

Purity profiling of isolated swertiamarin by HPLC
Purity of isolated swertiamarin and standard swertiamarin was
determined by using HPLC-PDA (High performance thin
layer chromatography with photodiode detector) in solvent
gradient system Ammonium acetate/Acetonitrile (85: 15) at 1
µg/ml and 5 µg/ml concentration.

RESULTS AND DISCUSSION
Swertiamarin (Fig. 2) of purity 97.5% was isolated with a
yield of 7.3% using the current developed method. The
melting point of isolated swertiamarin was observed at 113-
114 °C. Rf (0.30) of the isolated swertiamarin is same as same
as that of standard reference swertiamarin. In addition to
swertiamarin, an additional compound was isolated, which had
an Rf of 0.28 as shown in (Fig. 5). Overlay UV absorption

spectra of isolated swertiamarin with additional compound
was recorded (Fig. 9) as well as overlay UV spectrum of
standard and isolated unknown compound was recorded and ƛ
max of isolated swertiamarin and swertiamarin standard was
come at 242 nm as shown in (Fig. 10). The purity of standard
and isolated swertiamarin by HPLC was 97.7 and 97.2,
respectively at 1 µg/ml and 5 µg/ml concentration as shown in
(Fig. 11-14).

Figure 2 Structure of Swertiamarin

The isolated sample of swertiamarin was identified and
characterized from its spectral data (MS, IR, and 1H-NMR),
which matched well with that of the standard swertiamarin.
The molecular ion peak of isolated swertiamarin MS m/z was
375.2 (M+) (Fig. 6) whereas reference standard swertiamarin
MS m/z was 375.1(M+).FTIR spectra of isolated swertiamarin
and standard swertiamarin showed several intense peaks in the
wave number region between 4000-400 cm-1 such as O-H
(stretch.) 3347 cm-1,C-H (stretch.) 2923 cm-1,C=O (stretch.)
1696 cm-1,C=C (stretch.) 1617 cm-1,C-O-C (stretch.) 1408 cm-

1,C=CH2 (stretch.) 846 cm-1 (Fig. 7). Isolated swertiamarin
showed the following 1H-NMR signals in (MeOD): chemical
shift values (δ): 1.28 (ddd, H6-α), 1.28 (ddd, H6-β), 2.83 (dd,
H-9), 3.81 (dd, H-7β), 4.26 (dd, H-7α), 5.63 (dd, H-1), 7.54 (s,
H-3), Gluocose:3.56 (m, H-2”,3”,4”,5”), 3.81 (dd, H-7α), 4.44
(dd, H-7β), 4.66 (ddd, H-1”) (Fig. 8).

Figure 3 Overlay of ultraviolet absorption spectrum of
swertiamarin isolated in lab and reference standard as reported
by Patel et al.,31.
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Figure 4 Overlay of ultraviolet absorption spectrum of
swertiamarin isolated in lab and reference standard as
reported by Vishwakarma et al.13.

Various reported methods for the isolation of swertiamarin
reported different yields: 5% w/w by Vishwakarma et al.13 and
0.4% w/w by Jaishree et al.28, using column chromatography
over silica gel (60-120#), 0.66% w/w by Magora et al.29 using
sephadex LH-20 and 2% w/w by Rana30 using Centrifugal
Partition Chromatography from Enicostemma axillare.
Different melting points were reported for isolated
swertiamarin, such as Vishwakarma et al.13in 2004 reported
that melting point of isolated swertiamarin was shrinking from
70 °C  and Patel et al.31in 2013 was reported that the melting
point of swertiamarin was 196-197 °C.

Figure 5 TLC Fingerprint profile of (1): Defatted methanolic
extract; (2): Isolated Unknown Compound; (3): Mixture of
unknown compound with swertiamarin; (4): Isolated
swertiamarin; (5): Standard swertiamarin by current method in
the TLC mobile phase (chloroform: methanol 8.5:1.5). A) TLC
visualization under UV 254 nm and B) after derivatization.

Hence, reported purity of isolated swertiamarin varied. But, a
melting point can be used to tentatively identify pure
compounds in their solid state. The presence of even a small
amount of impurity lowers compound’s melting point by a few

degrees and broaden the melting point temperature range32. By
using our method, a sharp melting point of isolated
swertiamarin was observed at 113-114 °C and compared with
the data mentioned 113-114 °C in Merck Index, 210333 which
matched that mentioned (113-114 °C) in Merck Index, 210333

which is the physical characteristic of pure compound.

Figure 6 Mass spectrum of isolated swertiamarin at 375 m/z.

Figure 7 FT-IR spectra of isolated swertiamarin showed several
intense peaks in the wave number region between 4000-400 cm-

1suchas O-H (stretch.) 3347 cm-1, C-H (stretch.) 2923 cm-1, C=O
(stretch.) 1696 cm-1, C=C (stretch.) 1617 cm-1, C-O-C (stretch.)
1408 cm-1, C=CH2 (stretch.) 846 cm-1.

In a typical chromatogram, co-eluting impurities give rise to
peaks that are imperfectly separated from the peak of the main
substance. If their concentrations are high, this shows up as
shoulder patterns in the chromatogram. By virtue of Beer’s
law, one can presume that a spectro-chromatogram
corresponding to the combined absorption of the main
substance and a co-eluting impurity consists of the sum of two
single bilinear structures. In terms of data analysis, there are
therefore two significant principal components plus noise
(hetero-scedastic)34. The shoulder pattern was observed in
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Figure 8 Isolated swertiamarin showed the following 1H-NMR
signals in (MeOD): chemical shift values (δ):1.28 (ddd, H6-α),
1.28 (ddd, H6-β), 2.83 (dd, H-9), 3.81 (dd, H-7β), 4.26 (dd, H-7α),
5.63 (dd, H-1), 7.54 (s, H-3), Glucose: 3.56 (m, H-2”,3”,4”,5”),
3.81 (dd, H-7α), 4.44 (dd, H-7β), 4.66 (ddd, H-1”).

Figure 9 Overlay of ultraviolet absorption spectrum of
swertiamarin and swertiamarin along with impurity (In-House)

The signature of UV absorption spectrum of swertiamarin
with additional compound which was observed during
isolation of swertiamarin (Fig. 9) was same as the UV
spectrum which was observed during isolation of swertiamarin
by Vishwakarma et al. in 2004. The molecular ion peak of
swertiamarin at m/z of 374 was reported by Patel et al31 in
2013. However, the molecular ion peak of swertiamarin in
positive ion mode should come at 375 m/z in Mass Spectrum
as shown in (Fig. 6) was observed for isolated swertiamarin by
currently developed method and the data comparison with
Merck Index33; IR spectrum of isolated swertiamarin as shown

in (Fig. 7) and 1H-NMR spectrum as shown in the (Fig. 8) was
compared with reported literature35 by ICMR(Indian Council
of Medical Research), Delhi. Peak purity determination with a
diode-array detector is a powerful tool to check peak purities.
By comparing spectra from the upslope, apex and down slope
impurities with less than 0.5 % can be identified36. The purity
of standard and isolated swertiamarin by HPLC-PDA, 97.7%
and 97.2% was observed by currently developed method.

Figure 10 Identity comparison by overlay of ultraviolet
absorption spectrum of reference standard (Pink color) and
isolated swertiamarin (Yellow color) (INHOUSE)

Figure 11 HPLC chromatogram of standard swertiamarin at
1μg/ml concentration

Figure 12 HPLC chromatogram of isolated swertiamarin at 1
µg/ml concentration

Different research papers have reported different melting
points and spectra. The purity is reflected in various spectral
data in current developed method. The unknown compound is
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separated from swertiamarin by using this method. The
comparison of reported data and lab developed data as shown
in Table 1. The main advantage of our process is that it
completely omits the use of highly tedious, time taking and
expensive chromatographic purification process used in prior
art processes and gives more yield than all the earlier reported
processes.

Figure 13 HPLC chromatogram of standard swertiamarin at 5
μg/ml concentration

Figure 14 HPLC chromatogram of isolated swertiamarin at 5
μg/ml concentration

CONCLUSION
The study demonstrates the utility of this developed method to
isolate pure swertiamarin form Enicostemma littorale in a fast
and effective manner. The lab-generated data was compared
with reported data and found that this method is the best
method for the isolation of pure swertiamarin in quality as
well as quantity.

Reported methods Developed method
Silica used Silica gel (60 mesh

size)
Silica gel (230-400 mesh
size)

Separation Not good Very good
Solvents required for
column
chromatography

Petroleum ether, ethyl
acetate, methanol,
diethyl

ether, chloroform

Chloroform, methanol,
diethyl ether

Melting point Sharp melting point was
not observed.
Decomposition was
observed at
70oC(Vishwakarma et
al.,

2004) and 196-197o C
(Patel et al., 2013) was
reported

Sharp melting point 113-
114 °C was observed

Re-crystallization Required Not required

Purity of isolated
swertiamarin

Purity was not
determined

by HPLC

Purity was determined by
HPLC (97.2%)

UV spectrum 240-245 nm Sharp peak at 242 nm

Isolation of impurity Not done Done

Table 1 Comparison between reported method and lab developed method
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More importantly, the developed method is efficient for
extraction and isolation would aid in sufficient amount for
carrying out experiments to explore swertiamarin biological
activities. So using this method the pace for research on
swertiamarin will be increased.
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