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Abstract
Objective: The aim of the study is to extract the solasodine with different solvents from leaf and stem bark
of Solanum pubescens and to screen, detect, and quantify using reversed-phase high-performance liquid
chromatography (RP-HPLC) methods. Methods: Standard solasodine marker compound and five different
solvent extracts made through Soxhlet extraction from leaf and stem bark of S. pubescens were injected (10 µl)
to HPLC with C18 reversed-phase column, gradient solvent eluent system, and photo-diode array detector (DAD)
under ultraviolet absorbance at 205 nm with flow rate of 1.2 ml/min. a simple formula is adopted to quantify the
assay % of solasodine. Results: Standard solasodine marker was detected at a retention time (RT) 21.59 min
with the peak area of 5245605 at a wavelength of 205 nm. Among the ten extracted samples, solasodine was
detected in leaf methanol extract (RT 21.81 min) and hydro-alcohol leaf extract (RT 21.82 min) with the peak
area of 191694 and 246023, respectively. The quantified assay % of solasodine was highest in leaf hydro-alcohol
extract (1.857%) followed by leaf methanol extract (1.447%). In the remaining eight extracts, solasodine was not
detected. Conclusion: The present study findings are the first report with accuracy and simple assay method for
extraction, screening, detection, and quantification of solasodine using RP-HPLC from S. pubescens.
Key words: Glycoalkaloid, gradient solvent, reversed-phase high-performance liquid chromatography, Solanum
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I

INTRODUCTION

n the genus, Solanum of Solanaceae member
found to have rich steroidal glycoalkaloids
(SGAs), which is an important group of
plant secondary metabolites, and more than
100 different types of glycoalkaloids have
been isolated from more than 350 Solanum
species.[1,2] Solasodine occurs as aglycone part
of glycoalkaloids, which is a nitrogen analog of
saponins. It has C27 cholestane skeleton and can
be readily converted to 16-dehydropregnenolone
which is a key intermediate in the synthesis
of steroidal drugs such as progesterone and
cortisone.[3] It is also a potential moiety to be
used as a substitute for diosgenin in the semisynthetic production of steroidal hormones
in pharmaceuticals. SGA from Solanaceae
plants has become increasingly important
as the starting material for the production of

steroidal hormones.[4] Solasodine was explored in many
Solanum species extensively, which was initially estimated
by adopting colorimetric and spectrophotometric methods
and high concentration was reported.[5,6] However, these
methods were reported as non-specific and destructive, and
the results represent solasodine along with its glycosides
solamargine, solasonine, and solasodine.[7] High-performance
liquid chromatography (HPLC)-based qualitative[8,9] and
quantitative[10-14] method of assay for solasodine was reported
from many Solanum species, but detection and quantification
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of solasodine from Solanum pubescens are not yet attempted.
In the present investigation, an attempt is made to develop
an accurate, sensitive, reproducible, rapid, and simplified
quantification method using reversed-phase (RP)-HPLC
(RP-HPLC) for solasodine from S. pubescens. In this plant,
for the 1st time, we have reported an improved and simplified
RP-HPLC-based assay method over the methods reported
earlier for separation, detection, and quantification of
solasodine from S. pubescens.[11,15]

MATERIALS AND METHODS
Plant Material Collection and Identification
The study plant, S. pubescens was collected from the hilly
areas of Chitradurga, Karnataka, India, located at 13.95°N
76.62°E. The botanical identity of the plant was confirmed
by referring Phytographia[16] and further authenticated by
Prof. L. Rajanna, Chairperson, Department of Botany,
Bangalore University, Bangalore, Karnataka, India. The plant
herbarium (voucher number: IDSGH-43) is deposited and
maintained in the Department of Botany, Indavara Dodda
Siddalinge Gowda Government College, Chikkamagaluru,
Karnataka, India. All the chemicals, solvents, and water used
in this study are HPLC grade and procured from Merck, India.
Sample and Standard Solasodine Preparation for
HPLC Analysis
The matured leaf and stem bark of S. pubescens were dried
and powdered, and Soxhlet extractions for each sample were
made separately using five different solvents. Samples were
labeled from serial number 1 to 10 in the following order
such as leaf methanol extract, bark hydro-alcohol extract, leaf
n-hexane extract, leaf chloroform extract, bark ethyl acetate
extract, bark n-hexane extract, leaf ethyl acetate extract, bark
methanol extract, bark chloroform extract, and leaf hydroalcohol extract. For HPLC analysis, all the samples were
prepared at a concentration of 25 mg of extract dissolved
in 10 ml of methanol in 10 ml volumetric flasks. Standard
marker compound solasodine was procured from Gesra Labs
India Pvt. Ltd., Chennai, Tamil Nadu, India, and prepared
10 mg/10 ml concentration using methanol. Samples and
standard solutions were sonicated for 15 min to remove air
bubbles, made up to 10 ml in a volumetric flask, and filtered
through 0.25 µ filters.

HPLC Gradient Conditions
The HPLC gradient condition program for solasodine
screening and detection is given in Table 1.
RP-HPLC Conditions
Shimadzu HPLC (LC 2030C3D) with photo DAD and lab
solution software was used to develop chromatogram. The
column conditions are like Phenomenex Luna C18, 5.0 µ (250
× 4.6 mm), reverse phase with ultraviolet (UV) detector at
205 nm and flow rate is 1.2 ml/min with sample injection
volume 10 µl. Samples and standard analyses were repeated
three times, and the values shown in this study are mean ±
SD (standard deviation) of three reproducible experiments.
Sample Assay Formula
(Sample area/standard area) × (Standard dilution/sample
dilution) × Purity of Standard (99%).

RESULTS
In the RP-HPLC analysis, all the ten extracted samples and
standard marker were screened, detected, and quantified using
reversed-phase C18 column [5.0µ (250 × 4.6 mm)] coupled
with a UV detector at 205 nm for solasodine. Solasodine
was detected at RT 21.59 min with the peak area of 5245605
[Table 2 and Figure 1a]. Among the ten samples screened,
the solasodine was detected only in the leaf methanol extract
(peak area 191694) and hydro-alcohol leaf extract (peak area
246023) at RT 21.81 and 21.82 min, respectively [Table 2 and
Figure 1b and c]. Solasodine assay % of samples and standard
was calculated; the standard solasodine was 99%, and 1.447%
was in methanol leaf extract (sample 01), and in hydro-alcohol
leaf extract (sample 10), it was 1.857%. In the remaining eight
extracts (Sample number 2–9), solasodine was not detected.
Table 1: Concentrations of solvents A and B in the
high‑performance liquid chromatography gradient
condition and its duration
Solvent A
concentration (%)

Solvent B
concentration (%)

Run time/
duration (min)

95

5

00.01

80

20

10.00

55

45

20.00

HPLC Solvents

40

60

25.00

10

90

30.00

Solvent A was made as follows: Orthophosphoric acid
(0.5 ml) and potassium dihydrogen phosphate (136 mg)
were dissolved in 900 ml of water and made up to 1000 ml.
Solvent B was acetonitrile. Solvents were filtered through
0.25 µ filter and degassed in ultrasonicator for 15 min.

55

45

35.00

95

5

40.00

95

5

45.00

Stop
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Table 2: High‑performance liquid chromatography analysis data of standard and ten different solvent extracts
made from leaf and stem bark of Solanum pubescens
Sample no. and
name

Retention
time (Min)

Peak Area

Sample wt (mg)

Sample dilution (ml)

Assay (%) (mean±SD)

Standard solasodine

21.59

5245605

10

10

99.00

Sample 1

21.81

191694

25

10

1.447±0.09

Sample 2

NA

‑

25

10

‑

Sample 3

NA

‑

25

10

‑

Sample 4

NA

‑

25

10

‑

Sample 5

NA

‑

25

10

‑

Sample 6

NA

‑

25

10

‑

Sample 7

NA

‑

25

10

‑

Sample 8

NA

‑

25

10

‑

Sample 9

NA

‑

25

10

‑

Sample 10

21.82

246023

25

10

1.857±0.06

‑Indicates not detected. *Values are mean±SD (standard deviation) of three reproducible experiments

DISCUSSION
Solasodine’s wide pharmaceutical applications made
researchers to develop many methods and test for the isolation
and quantification from plant materials using spectroscopy,
thin-layer chromatography, immunostaining using monoclonal
antibodies, high-performance thin-layer chromatography,
HPLC, capillary electrophoresis, gas chromatography, and
others.[3,17] In the present study, RP-HPLC-based solasodine
investigation was focused on S. pubescens Willd. because it
was not attempted in this plant so far and it is widely used by
the local medicinal practitioners for treating different diseases
such as whooping cough,[18] headache, menstrual pain,
rheumatoid arthritis, tuberculosis, and ulcers.[19] In this plant,
many research reports have been found on pharmacological
studies such as antidiabetic activity,[20] anti-inflammatory
activity,[21] antidiarrheal activity,[22] antinociceptive activity,[19]
anticonvulsant and sedative effects,[23] and antibacterial
activity.[24] Similarly, many investigations have proved that
solasodine from Solanum species has diuretic, anticancer,
antifungal, cardiotonic, antispermatogenetic, antiandrogenic,
immunomodulatory, antipyretic, and other effects on the
central nervous system.[1]
In the study plant, leaf and bark were subjected to Soxhlet
extraction using different solvents such as methanol,
n-hexane, chloroform, ethyl acetate, and hydro-alcohol
then 25 mg of extract dissolved in 10 ml of HPLC grade
methanol, and the entire sample was screened for solasodine
using RP-HPLC method under UV 205 nm. Among the
sample extracts screened, the solasodine was detected only
in leaf, and highest percentage of solasodine was quantified
in the hydro-alcohol extract (1.857%) while it was 1.447%
in the methanolic extract [Table 2 and Figure 1a-c]. A similar
methodology was adopted[13] for quantification of solasodine
in the callus and suspension cultures of S. xanthocarpum, and
Solasodine was highest in stem callus (0.062% w/v) followed

by the natural stem (0.048% w/v) and its suspension cultures
(0.027% w/v). In the present study, the Soxhlet method of
extraction of solasodine and screening by RP-HPLC method
with the gradient solvents yielded very high solasodine
(1.857%) in the leaf hydro-alcohol extract from S. pubescens
which we report as precision, accurate, and robust. Similar
reports were made on quantification of solasodine content in
the field grown leave extracts (0.0798 mg/g) and in in vitro
callus extracts (0.142 mg/g and 0.1162 mg/g) produced using
plant growth regulators.[25] In the present investigation, the
yield of solasodine content quantified from S. pubescens was
high using RP-HPLC method and it is precise, accurate, and
reproducible over the previous reports without any callus
production through plant tissue culture methods. Solasodine
shows a maximum UV absorbance at 205 nm[11] which was
adopted in the current methodology, and furthermore, we used
the photo DAD for the estimation of solasodine as described
in which quantitative determination of solasodine was made
in aerial parts of S. nigrum Linn.[26] Recently, similar studies
on estimation of curcumin and piperine[27] using RP-HPLC
and method development and validation for analysis of
deoxyarbutin by HPLC[28] were reported. The accurate and
fast HPLC method was adopted to separate and determine
the SGAs (solasonine, solanine, chaconine, and solamargine)
and the SGA aglycones (SGAAs) solasodine from Solanum
extracts with the suitable mobile phases combined with the
gradient elution.[15] They also mentioned that to separate the
SGAs and SGAAs in the Solanum extract, a most efficient
eluent tritely ammonium dihydrogen phosphate was used, and
a simple gradient elution mobile phase modifier acetonitrile
is still required. In the present investigation, solasodine
was screened using RP-HPLC system with photo DAD,
under UV absorbance 205 nm with high efficient gradient
solvent systems with solvent A – ortho phosphoric acid and
potassium dihydrogen phosphate and solvent B – acetonitrile
and quantified using simple assay formula with accuracy and
precision.
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