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Senna tora (L.) Roxb. syn Cassia tora L., commonly known as sickle pod, is widely distributed in tropical
Asian countries. Various parts of the plant are reported for their medicinal values due to the presence of
anthraquinones, phenolic compounds, emodin, a-sitosterol and chrysophanol. A sensitive analytical procedure
using UHPLC-ESI-MS/MS has been developed and validated for simultaneous quantification of five phenolic
compounds in the leaves, stem and root extracts of S. fora, which were also evaluated by the radical scaveng-
ing activity for DPPH. The highest scavenging activity (95.3 £0.5% at 100 pg/mL) was shown by the
methanolic extract of CT-2 leaves collected from Nainital. The developed method was applied to investigate
the variation of five phenolic compounds in S. fora samples collected from three geographical locations. The
results indicated significant variations in scavenging activity among analyzed samples collected from differ-
ent locations in India, mainly due to the content of rutin.
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1. INTRODUCTION

Senna tora syn. Cassia tora L. (Caesalpiniaceae) is a
small annual herb or under shrub growing as common weed
in Asian countries. It constitutes preparation “Dadhughna-
vati” which is among successful antifungal formulations
[1, 2] also commonly known as Sicklepod, Coffeepod and
Chakwad. Various medicinal properties have been attributed
to this plant in the traditional system of Indian medicine. Var-
ious parts of the plant are reputed for their medicinal values.
The seeds of S. fora have been used in Chinese medicine as
an aperient, anti-asthenic and diuretic agent and also to im-
prove visual activity [3, 4]. The leaves of S. tora contain sev-
eral anthraquinone glycosides which are well known for their
therapeutic value and also show purgative action [5]. It has
been reported that the extract of this plant has significant
antifungal activity [6]. The plant is also reported to have a
significant hepatoprotective effect against the toxicity of
galactosamine in primary cultured rat hepatocytes [7]. The
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plant has been used as a laxative and in the treatment of skin
disorders [8]. The leaves and seeds of S. fora have been used
for the treatment of leprosy, ring worm, flatulence, colic,
dyspepsia, constipation, cough, bronchitis and cardiac disor-
ders in the Ayurvedic system of medicine. It was reported
that seeds of S. fora have antioxidant activity and contain
many active substances including chrysophenol, emodin,
rhein, etc. [9]. Many medicinal properties such as antimic-
robial, anti-hepatotoxic and anti-mutagenic activities have
been attributed to this plant [10 — 12].

Literature survey indicated that analytical methods in-
cluding HPTLC, HPLC and CE have been used for determin-
ing the major active components of S. fora [13 — 16]. How-
ever, these methods suffer from low sensitivity, low resolu-
tion, long analysis time and large amount of solvent
consumption. Ultra-performance liquid chromatography—
tandem mass spectrometry (UPLC-ESI-MS/MS) analytical
method is a more powerful approach to rapidly quantify
multi-component samples due to its rapid separation power,
low detection limit, better accuracy, high specificity and res-
olution [17] as compared to the above-mentioned techniques.
Therefore, the present study was aimed to develop and vali-
date a rapid and sensitive UHPLC-ESI-MS/MS method for
simultaneous determination of five phenolic compounds in
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the leaves, stem and root extracts of C. fora, and its applica-
tion to studying variations in the content of phenolic com-
pounds in samples collected from three different locations in
India.

2. EXPERIMENTAL PART

2.1. Plant Material

Senna tora plant was collected from three different loca-
tions in India, including Lucknow (U.P.), Nainital (U.K.) and
Bhavnagar (Gujarat), coded as CT-1, CT-2 and CT-3, respec-
tively. The plant materials were authenticated at the Herbar-
ium of the CSIR-National Botanical Research Institute,
Lucknow, where voucher specimens were deposited. The
samples of fresh leaves, stems and roots were collected,
washed thoroughly and dried in shade. Each sample (50 g) of
leaves, stem, and root was powdered in a mixer-grinder and
used for the further study.

2.2. Extraction

Powdered samples of S. tora, were extracted with metha-
nol by cold extraction process (Maceration). Methanol was
added to plant material in a conical flask, which was kept at
room temperature overnight with occasional shaking. The
extract was then filtered using Millipore filter and solvent
under reduced pressure at 55°C by Buchi evaporator. The ex-
tract was stored in dark bottle and kept at 4°C until analysis.

2.3. Reagents and Chemicals

Acetonitrile, methanol (LC-MS grade) and formic acid
(analytical grade) purchased from Fluka, Sigma-Aldrich (St.
Louis, MO, USA) were used in mobile phase and sample
preparation throughout the LCMS analysis. Ultra pure water,
obtained from Direct-Q system (Millipore, Milford, MA,
USA) was used throughout the analysis. Gallic acid, syringic
acid, p-coumaric acid, ferulic acid and rutin were purchased
from Sigma-Aldrich.

2.4. Sample Preparation

Dried residues (1 mg) of each sample were weighed ac-
curately, dissolved in 1 mL of methanol and sonicated using
ultrasonicator (Bandelin SONOREX, Berlin). The solutions
were filtered through 0.22 um syringe filter (Millex-GV,
PVDF, Merck Millipore, and Darmstadt, Germany). The fil-
trates were diluted with acetonitrile to final working concen-
tration, vortexed for 30 sec, and 2 pL aliquot was injected
into the UPLC-MS/MS system for analysis.

2.5. Preparation of Standard Solutions

A mixed standard stock solution (1 mg/mL) of selected
analytes was prepared in methanol. The working standard so-
lutions were prepared by diluting the mixed standard solu-
tion with acetonitrile to a series of concentrations within the
ranges from 0.5 to 200 ng/mL used for plotting calibration
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curve. The standard stock and working solutions were stored
at —20°C until use and vortexed prior to injection.

2.6. Instrumentation and Analytical Conditions

The ultra-high performance liquid chromatography
electrospray  ionization tandem mass  spectrometry
(UHPLC-ESI-MS/MS) analysis was performed on Waters
Acquity UPLC system (Waters, Milford, MA, USA) inter-
faced with hybrid linear ion trap triple-quadrupole mass
spectrometer (API 4000 QTRAP MS/MS system from AB
Sciex, Concord, ON, Canada) equipped with electrospray
(Turbo V) ion source. The Waters Acquity UPLC system was
equipped with a binary solvent manager, sample manager,
column oven and photodiode array detector (PDA). AB
Sciex Analyst software version 1.5.1 was used to control the
LC-MS/MS system and for data acquisition and processing.
All the statistical calculations related to quantitative analysis
were performed using Graph Pad Prism software version 5.

UPLC conditions. The chromatographic separation of
selected analytes was achieved on an Acquity UPLC BEH
C,g column (50 mm x 2.1 mm id, 1.7 pm) at a column tem-
perature of 25°C. Analysis was completed with gradient elu-
tion of 0.1% formic acid in water (A) and acetonitrile (B) as
mobile phase at a flow rate of 0.3 mL/min. The 2.5 min
UPLC gradient system was as follows: 0—1.5min,
20-58% B; 1.5-1.8min, 58-62% B; 1.8—2.0 min,
62 —62% B; 2.0 —2.5 min, 62 —20% B; equilibration time
2 min. The sample injection volume was 2 pL.

MS conditions. All analytes were detected in negative
electrospray ionization mode using precursor ion scan, and
the mass spectra were recorded in the range of m/z
100 — 1000 at a cycle time of 9s and a step size of 0.1 Da. Ni-
trogen was used as the nebulizer, heater, and curtain gas as
well as the collision activation dissociation (CAD) gas. Opti-
mized source parameters were as follows: ion spray voltage
set at -4200 V, curtain gas, nebulizer gas (GS1) and heater
gas (GS2) set at 20, 20 and 20 psi, respectively, with a source
temperature of 450°C. The CAD gas was set at medium, and
the interface heater was on. Simultaneous quantification of
analytes was carried out using multiple reaction monitoring
(MRM) acquisition mode at unit resolution and its conditions
were optimized for each compound during infusion. The
transitions and optimized compound dependent MRM pa-
rameters: declustering potential (DP), entrance potential
(EP), collision energy (CE) and cell exit potential (CXP) for
each analyte are listed in Table 1.

2.7. DPPH Radical Scavenging Activity

The DPPH radical scavenging activity was determined
by the method of Shimada [18]. According to this, 2 mL of
DPPH methanol solution was added to sample solution
(1 mg/mL) at 20, 40, 60, 80 and 100 pL. The mixture was
shaken vigorously and allowed to stand at room temperature
in the dark for 30 min. Then the absorbance was measured at
517 nm in a spectrophotometer. The same procedure was re-
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peated to obtain the antioxidant capacity of quercetin which
was used as positive control.

3. RESULTS AND DISCUSSION
3.1. Optimization of LC Conditions

In order to achieve rapid and efficient analysis, a short
chromatographic column Acquity UPLC BEH C18 column
(50 mm x 2.1 mm id, 1.7 um) was employed in the UPLC
system. Different mobile phase systems (water—methanol,
water—acetonitrile, 0.1% formic acid in water— methanol,
0.1% formic acid in water— acetonitrile, 0.1% formic acid in
water — 0.1% formic acid in methanol and 0.1% formic acid
in water — 0.1% formic acid in acetonitrile) using different
mobile phase compositions in gradient elution at various
flow rates (0.2, 0.3, 0.35, 0.4 and 0.5 mL/min) and column
temperatures (25, 30, 35, 40 and 50°C) were examined and
compared in order to obtain better chromatographic behavior
and appropriate ionization. It was found that 0.1% formic
acid in water—acetonitrile was better than other systems.
Finally, 0.1% formic acid in water—acetonitrile was chosen as
the eluting solvent system at a flow rate of 0.3 mL/min with
the column temperature of 25°C to give the acceptable sepa-
ration and ionization within a run time of 2.5 min.

3.2. Optimization of MS Conditions

Preliminarily, each targeted analyte was infused into the
mass spectrometer and mass spectra were studied in both
positive and negative ionization modes. During tuning (Q1
scan) it was observed that all analytes exhibited good signal
sensitivity in negative ionization mode. Then, the compound
dependent MRM parameters: DP, EP, CE and CXP were op-
timized for each targeted analyte by injecting the individual
standard solution into the mass spectrometer to achieve the
most abundant, specific and stable MRM transition shown in
Table 1. The source parameters including the curtain gas,
GS1, GS2 and ion source temperature were further optimized
in order to get the highest abundance of precursor-to-product
ions. The optimized compound dependent parameters and
source parameters were combined, and finally the optimized
UHPLC-ESI-MS/MS method in MRM acquisition mode was
applied to quantify five selected bioactive constituents in the
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leaves, stem and root extract of S. fora. The UHPLC-MRM
ion chromatograms of analytes is shown in Fig. 1.

3.3. Identification of Target Analytes

Target analytes in the samples were unambiguously iden-
tified by the comparison of their retention times and MS/MS
spectra to those of the authentic standard solutions. The mass
spectra generated for all the targeted compounds by ESI-MS
in the negative ion mode gave the deprotonated molecules
[M-H] . The MS/MS spectra of the five phenolic compounds
are shown in Fig. 2. The most abundant fragment ion of each
compound was selected for MRM transition. The major frag-
ment ion in the MS/MS spectra of the [M-H] ions of gallic
acid, m/z 169 [M-H] ", and p-coumaric acid m/z 163 [M-H]"
was generated due to the loss of CO, molecule, providing an
anion of [M-H-CO,]". Syringic acid m/z 197 [M-H] pro-
duced major fragment ion at m/z 182 due to loss of methyl
radical. Ferulic acid, m/z 193 [M-H] yielded the predomi-
nant product ion at m/z 134 corresponding to
[M-H-COO-CH;]. Rutin, m/z 609 [M-H]", predominantly
generated product ion at m/z 301 due to O-glycosidic cleav-
age.

3.4. Validation Procedure for Quantitative Analysis

The proposed UHPLC-ESI-MS/MS method for quantita-
tive analysis was validated according to the guidelines of In-
ternational Conference on Harmonization (ICH, Q2R1) by
determining linearity, limit of detection (LOD), limit of
quantification (LOQ), precision, stability and recovery.

Linearity, LOD and LOQ. The stock solution was di-
luted with methanol to provide a series of concentrations in
the range of 0.5-200 ng/mL for the construction of calibra-
tion curves. The linearity of calibration was performed by the
analytes peak area ratios versus the nominal concentration
and the calibration curves were constructed with a weight
(1/x%) factor by least-squares linear regression. The applied
calibration model for all curves was y = a x + b, where
y=peak area of analyte, x = concentration of analyte,
a =slope of the curve, and b = intercept. The LODs and
LOQs were measured with S/N of 3 and 10, respectively, as
criteria. The results are summarized in Table 2. All calibra-
tion curves indicated good linearity with correlation coeffi-

TABLE 1. Transitions and Optimized Compound Dependent MRM Parameters: Declustering Potential (DP), Entrance Potential (EP), Colli-
sion Energy (CE) and Cell Exit Potential (CXP) of Five Selected Analytes Extracted from S. fora

Compound No tg (min) Analyte Q1 Mass (Da) Q3 Mass (Da) DP (V) EP (V) CE (eV) CXP (V)
1 0.64 Gallic acid 169.0 125.0 -59 -8 221 -10
2 1.42 Syringic acid 197.0 181.9 -57 -5 -18 -11
3 1.72 p-Coumaric 162.9 118.9 -90 -6 -21 -6
acid
4 1.77 Ferulic acid 193.0 134.0 -58 -5 -23 -9
5 1.95 Rutin 609.0 301.0 -197 -10 -45 -17
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Fig. 1. UHPLC-MRM ion chromatograms of analytes extracted from S. tora.

cients (+*) within 0.9985—0.9997 in the indicated test
ranges. The LOD for each analyte varied from 0.12 to
0.41 ng/mL and the LOQ varied from 0.36 to 1.24 mg/mL.
Precision, stability and recovery. The intra-day and
inter-day variations, which were chosen to determine preci-
sion of the developed method, were investigated by deter-
mining five selected analytes in six replicates during a single
day and by duplicating the experiments on three consecutive
days. Variations of the peak area were taken as the measures
of precision and expressed as percentage relative standard
deviations (RSD). The overall intra-day and inter-day
precisions were not more than 1.93%. Stability of sample so-
lutions stored at room temperature was investigated by repli-
cate injections of the sample solution at 0, 2, 4, 8, 12 and
24 h. The RSD values of stability of the 5 selected analytes
were <2.73%. The recovery test was applied to evaluate the
accuracy of this method. Three different concentration levels
(high, middle and low) of the analytical standards were
added into the samples in triplicate and the corresponding
average recoveries were determined. The analytical method

developed had good accuracy, with overall recovery in the
range from 98.50 to 102.50% (RSD < 1.91%) (Table 2).

Quantitative analysis of samples. The developed
UHPLC-ESI-MS/MS method in MRM mode was applied to
determine the content of five phenolic compounds in leaf,
stem and root extracts of Senna tora. Data on the content of
five bioactive constituents are summarized in Table 3. Quan-
titative analysis showed that rutin was the predominant
(34.2 £0.3)(6540 £ 1.0) ng/g component in all samples ex-
cept CT-1R, CT-2R and CT-3R. Ferulic acid was second
abundant constituent with the content range of (31.6 £ 0.1 —
95.2£0.3) ug/g. All constituents except gallic acid and
syringic acid were detected in all investigated samples. Gal-
lic acid was detected only in CT-1S, CT-3S and CT-3R,
whereas syringic acid was detected in CT-1S, CT-1R, CT-2S,
CT-2R and CT-3R. The overall quantitative analysis indi-
cated that the highest total content (6704.0 pg/g) of five phe-
nolic compounds was detected in CT-2L.
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Fig. 2. MS/MS spectra of five selected phenolic compounds extracted from S. fora.
3.5. Antioxidant Activity atom or transfer electron to DPPH, thus neutralize the free

. . . ) radical character and then this gives rise to the reduced form

.DPP.H radlcal-scavel.lg.lng activity. DPPH scavenging DPPH (non-radical) with the loss of the violet color. Radical

aCtl.Vlty 1 based. on the ability of sgmple to donate hydrogen scavenging activity increases with increasing percentage of

which reacts with the DPPH radical. When a solution of the free radical inhibition [19]. The color change from violet
DPPH is mixed with a substance that can donate a hydrogen

TABLE 2. Regression Equations, Correlation Coefficients, Linearity Ranges, Limits of Detection (LOD) and Quantitation (LOQ) of Five Se-
lected Analytes Extracted from S. tora

) Linearity Precision RSD (%) Stability Recovery (n=3)
Analyte Rffﬁifiﬁn ¢ range (nI;an)L) (nI;;:r?L) Intra-day ~ Inter-day ~ RSD (%)
(ng/mL) (n=6) (n=6) (n=6) Mean RSD (%)
Gallic acid 8.49x+0.43 0.9988 0.5-175 0.19 0.59 1.51 1.93 2.73 102.50 1.16
Syringic acid 2.58x+0.21 0.9990 10-200 0.41 1.24 1.20 1.51 1.90 98.50 1.10
p-Coumaric acid  19.30x+0.54  0.9997 1-100 0.12 0.36 1.21 1.84 2.12 99.90 1.02
Ferulic acid 6.68x—0.10 0.9985 0.5-75 0.21 0.64 1.38 1.85 1.95 101.08 1.90

Rutin 0.60x-0.03 0.9996 10 -200 0.26 0.77 0.95 1.15 1.89 101.50 1.05
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Fig. 3. Histogram of the scavenging activity of leaf, stem and root extracts of S. fora samples CT-1, CT-2, and CT-3 at different concentrations

(ng/mL).

to yellow and fall in absorbance of the stable radical DPPH
was measured for different concentrations. In the present
study, the Methanolic extract of CT-2 Leaves showed higher
antioxidant activity. This is due to the presence of the most
bioactive compounds such as polyphenols including tannins,
flavonoids in higher polar fraction [20].

Plants are potential sources of natural antioxidants. It
produces various antiradical compounds to counteract reac-
tive oxygen species (ROS) in order to survive [21]. In our
study, the maximum DPPH antiradical activity (95.3 £ 0.5)%

TABLE 3. Content (ng/g) of Five Phenolic Compounds in C. tora
Leaf, Stem and Root Extracts*

Analyte (ng/g)

Gallic Syringic ~ p-Coumaric  Ferulic

Sample acid acid acid acid Rutin
CT-1L nd nd 39.8£02 56+0.1 2680+1.0
CT-1S  10.1£03 47+0.1 414403 493+02 732+1.0
CT-1R nd 164+£0.2 265+03 31.6+0.1 342+03
CT2L nd nd 68.8£02 952+0.3 6540+1.0
CT-2S nd 8.9+0.1 21+£03  81.7+0.2 1241.6+0.6
CT-2R nd 184+03 37.7£04 58.6+0.1 584+0.2
CT-3L nd nd 443+0.2 824+02 5280£0.2
CT-3S  1.2+0.1 nd 352+£0.1 422£02 610£0.1

CT-3R 10402 55402 371102 563+04 534102

* nd — not detected; L — leaf, S — stem, R — root.

was shown by CT-2 (Nainital), methanolic extract of S. tora
leaves at 100 pg/mL as shown (Fig. 3).

In concluding, the present study was devoted to quantifi-
cation of five phenolic compounds in methanolic extracts of
leaves, stems and roots of S. fora using UHPLC-ESI-MS/MS
method. The developed method was applied to investigate
geographical variations among samples in term of content of
quantified compounds. Results indicated that the highest to-
tal content of five phenolic compounds was detected in the
extract of S. tora leaves collected from Nainital, Uttarak-
hand, India. Rutin was the predominant compound in all
samples except root extracts. Therefore this validated
method and study may be helpful in quality control of
S. tora. It is suggested that the methanolic extract of S. tora
leaves collected from Nainital is a potential source of natural
antiradicals. This methanolic extract exhibited the highest
radical scavenging activity, probably due to the maximum
content of flavonoids present in CT-2 leaves.
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