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A B S T R A C T

Gypsophila pilulifera, Boiss & Heldr, Caryophyllaceae, is a perennial medicinal herb that grows 

in the southwestern region of Turkey. Except for only one report on the isolation of cytotoxic 

saponins from the underground parts of G. pilulifera, there are no published thorough 

phytochemical or bioactivity studies on this species. In the present study, the free-radical 

scavenging activity of extracts and fractions of the stems of G. pilulifera was evaluated, using a 

slightly modified and more precise version of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 

reported here for the first time. The DPPH assay-guided HPLC-PDA-purification of the active 

solid-phase extraction fraction (50% methanol in water) of the methanolic extract exhibited 

verbascoside as the main free-radical scavenger present in this species. The structure of this 

active compound was resolved by spectroscopy, and the free-radical scavenging potential of 

verbascoside was determined.
© 2014 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. All rights reserved.
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Introduction

Gypsophila pilulifera Boiss. & Heldr., a wild growing perennial 
herb from the south-western region of Turkey, is one of 
the circa 150 species of the genus Gypsophila of the family 
Caryophyllaceae (Arslan et al., 2012; Yotova et al., 2012). Some 
species from this genus, growing in China, have been used 

in the Traditional Chinese Medicine (TCM) to treat fever, 
consumptive disease, and infantile malnutrition syndrome 
(Chen et al., 2011; Shun et al., 2011). Several previously studied 
species of the genus Gypsophila revealed in their phytochemical 
analysis triterpene saponins; present predominantly in the 
roots, as main constituents with various pharmacological 
properties (Hostettmann and Marston, 1995; Gevrenova et 
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al., 2010; Shun et al., 2011). To the best of our knowledge, 
except for one report on the isolation of cytotoxic triterpenoid 
saponins from the underground parts of G. pilulifera (Arslan 
et al., 2012), no other phytochemical or bioactivity study has 
previously been carried out on this species. As part of our 
on-going phytochemical and bioactivity studies on medicinal 
plants from the Turkish flora (Shoeb et al., 2005, 2007a-e; Sarker 
et al., 2007, 2012; Sauvage et al., 2010; Suntar et al., 2012a,b), 
we now report on the free-radical scavenging activity of the 
extracts and fractions of the stems of G. pilulifera.  This finding 
was allowed by DPPH assay-guided isolation and identification 
of the main free-radical scavenger present in this species, and 
also a slightly modified and more precise DPPH assay method 
for determining the RC50 values for extracts, fractions and 
isolated compounds.

Material and methods

General

Semi-preparative HPLC was performed using a Dionex Ultimate 
3000 series coupled with a Dionex Ultimate 3000 photodiode 
array detector (detection at 220, 254, 280 and 360 nm). The 
NMR spectroscopic analyses were performed on a Bruker 
DRX300 NMR spectrometer (300 MHz for 1H, and 75 MHz for 
13C). Chemical shifts are given on δ scale (ppm) with TMS as 
the initial standard. UV-visible spectra were recorded using 
a Shimadzu UV-1600 spectrophotometer. MS analyses were 
performed on a Finnigan MAT95 mass spectrometer.  

Plant material

The stems of Gypsophila pilulifera  Boiss & Heldr, Caryophyllaceae, 
were collected at the Antalya province, Elmali district, Turkey 
(dry slopes, 1100 m above the sea level) from May to June 2003. 
A voucher specimen (Gokturk-GP-0401) were deposited and are 
kept at the Herbarium of the Biology Department of Akdeniz 
University, Turkey.

Extraction 

The shade-dried and ground stems of G. pilulifera (30 g) 
were Soxhlet-extracted, successively, using petroleum ether 
40-60º (PE), dichloromethane (DCM) and methanol (MeOH), 
500 ml each. The extracts were vacuum dried using a rotary 
evaporator at a temperature not exceeding 45°C, yielding 
0.09, 0.08 and 1.52 g of the PE, DCM and MeOH extracts, 
respectively.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH), molecular formula 
C18H12N5O6, was purchased from Fluka Chemie AG, Bucks. 
Quercetin was purchased from Avocado Research Chemicals 
Ltd, Shore road, Heysham, Lancs. The method used by Takao 
et al. (1994) was used with suitable modifications as outlined 
by Kumarasamy et al. (2002, 2007). DPPH (8 mg) was dissolved 
in MeOH (100 ml) for a solution concentration of 80 μg/ml.

Qualitative assay 
Testing sample solutions (10 mg/ml) were applied on a TLC 
plate and sprayed with DPPH solution using an atomiser. They 
were allowed to develop for 30 min. Colour changes (purple on 
white) were noted.

Quantitative assay 
The PE extract was dissolved in DCM, and the DCM and MeOH 
extracts were further diluted in MeOH to produce the stock 
concentration of 10 mg/ml. Further dilutions were made to 
obtain solution concentrations of 1.0, 0.1, 0.01, 0.001, 0.0001 and 
0.00001 mg/ml. Diluted solutions (1 ml each) were mixed with 
DPPH (1 ml) and allowed to stand for 30 min for any reaction to 
occur. The absorbance was measured at 517 nm. The experiment 
was performed in triplicate and the average absorption was 
noted for each concentration. The same procedure was followed 
for the positive control, quercetin (stock: 1 mg/ml in MeOH), as 
well as for the solid-phase extraction fractions (stock: 10 mg/ml). 
The DPPH inhibitory activity (% inhibition) at each concentration 
was calculated by using the following formula: 

	 inhibition (%) = (Acontrol-Asample) × 100/Acontrol, 
where Acontrol was the control reaction absorbance 

(containing all reagents except for the test sample), and Asample 
was the absorbance of the test/reference.

For further precision: From the inhibition values (%) obtained 
from the quantitative assay outlined above, the concentration 
range in which 50% inhibition could be detected was assessed. 
The sample at the higher concentration of the previously cited 
range was further diluted one-fold over several steps, and the 
quantitative DPPH assay was performed using the prepared 
dilutions. Inhibition (%) was calculated as described above. A 
dose-response plot between concentration vs % inhibition curve 
was constructed, and from the slope of this curve, the RC50 value, 
which is the concentration at which 50% inhibition of DPPH 
absorbance at 517 nm occurs, was calculated for each test sample.

Solid-phase extraction (SPE): fractionation of the MeOH extract

The dried MeOH extract (1 g) was re-suspended in 10 ml of 
20% MeOH, and fractionated on a solid-phase extraction 
cartridge (Strata, 10 g C18 Silica), eluted using 20, 50 and 
80% MeOH in water and 100% MeOH (200 ml, each fraction) 
resulting in four fractions. The fractions were dried using a 
rotary evaporator at a temperature not exceeding 45°C.

HPLC-DPPH assay

A portion (100 μl of 10 mg/ml) of the most active SPE fraction 
(50% MeOH in water) of the MeOH extract, was subjected to 
reversed-phase HPLC-PDA fractionation on a reversed-phase 
C18 silica semi-prep column (Luna Phenomenex column, 10 
mm × 150 mm, 5 μm), using a gradient elution, 2 ml/min, with 
30-100% MeOH-water gradient over 30 min followed by 100% 
MeOH for 10 min. The chromatogram was monitored at four 
different wavelengths. Twenty fractions of two minutes were 
collected. Each fraction (1 ml) was mixed with DPPH (1 ml) in 
duplicate, kept for 30 min, absorption was recorded, and the 
% inhibition was calculated as described above. The control 
was prepared from 1 ml of MeOH and 1 ml of DPPH solution.  
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Isolation of active compound

The HPLC chromatogram containing various peaks was 
compared against % inhibition caused by each two min fraction, 
and the peak corresponding to the highest level of free-radical 
scavenging activity was identified as the major active compound. 
Repeated HPLC runs were performed as outlined above with the 
50% MeOH-water fraction, and the peak corresponding to the 
major active compound was collected. Combined collections of 
the active compound (1) from the repeated runs were dried using 
a rotary evaporator at a temperature not exceeding 45°C. The 
structure of the active compound (1, 4.4 mg) was determined 
by spectroscopic means (Tokar et al., 2004; Delazar et al., 2005, 
2012; Nazemiyeh et al., 2008).

Verbascoside (1): Brown amorphous solid. UV λmax (MeOH) 
nm: 332, 290 and 220; HR-ESIMS m/z: 642.2392 (calculated 
642.2397 for C29H40NO15, [M + NH4]+); 1H NMR (300 MHz, 
CD3OD) δ 7.60 (1H, d, J = 15.7, H-7’), 7.06 (1H, d, J = 2.0, H-2’), 
6.92 (1H, d, J = 2.0, 8.1 Hz, H-6’), 6.78 (1H, d, J = 8.1 Hz, H-5’), 
6.69 (1H, d, J = 1.9 Hz, H-2), 6.68 (1H, dd, J = 1.9, 8.0 Hz, H-6), 
6.64 (1H, d, J = 8.0 Hz, H-5), 6.28 (1H, d, J = 15.7, H-8’), 5.19 (1H, 
d, J =1 .5, H-1’’’, anomeric protons of rhamnose), 4.34 (1H, d, 
J = 7.9 Hz, H-1’’, anomeric protons of glucose), 3.80-4.10 (1H, 
overlapped peak, H-8), 3.20-3.80 (10H, signal pattern unclear 
due to overlapping, H-2’’, H-3’’, H-4’’, H-5’’, H-6’’, H-2’’’, H-3’’’, 
H-4’’’and H-5’’’), 2.79 (3H, t, J =7.6 Hz, H-7) and 1.09 (3H, d, J = 
6.0 Hz, H-6’’’); 13C NMR (75 MHz, CD3OD): δ 166.8 (C-9’), 148.4 
(C-4’), 146.6 (C-7’), 145.4 (C-3’), 144.7 (C-3), 143.2 (C-4), 130.0 
(C-1), 126.2 (C-1’), 121.8 (C-6 and C-6’), 115.6 (C-5’), 115.0 (C-5 
and C-8’), 114.8 (C-2’), 113.7 (C-2), 102.7 (C-1’’’), 101.6 (C-1’’), 
80.2 (C-3’’),  74.7 (C-2’’), 74.5 (C-5’’), 72.3 (C-4’’’), 72.3 (C-8 and 
C-4’’’), 70.9 (C-2’’’), 70.6 (C-3’’’),  69.4 (C-5’’’), 69.1 (C-4’’), 60.9 
(C-6’’), 35.1 (C-7) and 17.0 (C-6’’’); all data were in agreement 
with previously published data (Tokar et al., 2004; Delazar et 
al., 2005, 2012; Nazemiyeh et al., 2008).

Besides environmental sources, free-radicals may be formed 
as by-products of normal aerobic cells’ metabolism and these 
free-radicals may adversely interact with biological systems 
causing cytotoxicity (Kumarasamy et al., 2007). In fact, over-
production of free-radicals has been implicated to cause 
various chronic diseases, e.g., cancer, atherosclerosis, ageing, 
diabetes and inflammatory diseases. Therefore, an external 
supply of free-radical scavengers is often necessary to maintain 
good health and prevent diseases. The TLC-based qualitative 
DPPH assay showed no free-radical scavenging activity in the 
PE extract of G. pilulifera; nevertheless, the DCM and the MeOH 
extracts were found to be active, indicated by the presence of 
yellowish-white spots against purple background after the TLC 
plate was sprayed with DPPH solution and kept for 30 min for 
the reaction to occur (Table 1) (Takao et al., 1994; Kumarasamy 
et al., 2002, 2007).  

The DCM and the MeOH extracts were subjected to a 
quantitative DPPH assay (Takao et al., 1994; Kumarasamy et 
al., 2002, 2007) using 10-fold dilutions starting from 10 mg/ml 
of stock solutions. For the DCM extract, the 50% inhibition of 
DPPH absorbance at 517 nm was observed between the 1 mg/
ml and 0.1 mg/ml concentrations; while 50% inhibition was 
achieved by 0.1 mg/ml and 0.01 mg/ml of the MeOH extract. 
Accordingly, the DCM (1 mg/ml) and the MeOH (0.1 mg/ml) 
extracts were diluted one-fold to achieve concentrations, 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 mg/ml of the DCM extract, 
and 0.01-0.09 mg/ml of the MeOH extract, and were subjected 
to the quantitative DPPH assay (Takao et al., 1994; Kumarasamy 
et al., 2002, 2007). These further dilutions allowed construction 
of better graphs to calculate accurate RC50 values from the 
slope. The RC50 values of the DCM and the MeOH extracts were 
calculated as 4.08 × 10-1 and 2.15 × 10-2 mg/ml, respectively 
(Table 1). As the MeOH extract was clearly the most potent 
among the extracts, it was subjected to solid-phase extraction 
(SPE) on a C18 cartridge to obtain four SPE fractions, i.e., 20% 
(0.68 g), 50%, (0.073 g), 80% (0.064 mg) MeOH in water, and 100% 
(0.0083 mg) MeOH fractions, which were again subjected to 
qualitative and quantitative DPPH assay. The test revealed the 
SPE 50% fraction was the most potent of all (Table 1). This 
is the first report on the free-radical scavenging activity of 
G. pilulifera. However, there are only a handful of reports on 
free-radical scavenging or antioxidant activities of a few other 
Gypsophila species available to date, and the activity was shown 
to be associated with phenolic compounds, as flavonoids and 
their glycosides (Vitcheva et al., 2011; Huang et al., 2012).

The SPE 50% MeOH-water fraction was initially analyzed 
by the reversed-phase HPLC coupled with a PDA detector 
followed by the DPPH assay, resulting in the most free-radical 
scavenging activity found in the fraction collected between 
14-16 min (Fig. 1), and corresponding to the peak with the 
retention time (tR) of 15.3 min. UV-visible spectral analysis 
and the peak shape indicated that the peak might represent 
a single compound. Repetitive HPLC runs on this sample, and 
multiple collections of this peak afforded verbascoside (1). 

To the best of our knowledge, this is the first report on the 
occurrence of the phenylethanoid glycoside, verbascoside 
(1), in any species of the genus Gypsophila. The free-radical 
scavenging activity of verbascoside (1) was determined by the 
DPPH assay (RC50 1.25 × 10-3 mg/ml), and it was found to be 

Results and discussion

The Soxhlet successive extraction with PE, DCM and MeOH of 
the dried and ground stems of G. pilulifera, produced three crude 
extracts, 0.09 g, 0.08 g and 1.52 g, respectively. The DPPH assay-
guided purification of the most active SPE fraction (50% MeOH in 
water) of the MeOH extract by reversed-phase semi-preparative 
high performance liquid chromatography (semi-prep-HPLC) 
coupled with a photodiode array (PDA) detector afforded the 
isolation of the main free-radical scavenger, which was identified 
conclusively as verbascoside (1) by spectroscopy (Tokar et al., 
2004; Delazar et al., 2005, 2012; Nazemiyeh et al., 2008).
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more potent than the positive control, quercetin (RC50 2.50 × 
10-3 mg/ml) (Table 1). Verbascoside (1) is a well known bioactive 
compound with a variety of reported bioactivities. Although it 
may not be within the scope of this article to review its various 
bioactivities (including anti-oxidant properties) previously 
reported, a brief summary of bioactivities of this compound 
published during the year 2013 are presented in Chart 1.

The results obtained in this study revealed that the 
significant free-radical scavenging activity of G. pilulifera was 
predominantly, if not exclusively, associated with the polar 
extract, e.g. MeOH, and verbascoside (1), a well-known bioactive 
natural product, was the major free-radical scavenger present 
in this plant. The results also established that G. pilulifera could 
be used as a new source for this bioactive compound (1). 
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