J Food Sci Technol (October 2018) 55(10):4337-4345
https://doi.org/10.1007/s13197-018-3383-8

@ CrossMark

ORIGINAL ARTICLE

O
AFSTE

Enfoucricy food frofessimnals

UPLC-DAD quantification of chemical constituents of Potentilla
atrosanguinea roots and their antioxidant activity

Mayanka Walia"? - Pawan Kumar? + Bikram Singh'” - Vijai K. Agnihotri'?

Revised: 29 December 2017/ Accepted: 7 August 2018 /Published online: 25 August 2018

© Association of Food Scientists & Technologists (India) 2018

Abstract Potentilla atrosanguinea, native to Himalayan
region, is well known for its curative effects in traditional
medicinal system. An ultra performance liquid chro-
matography—diode array detection method for the quan-
tification of constituents of root part of P. atrosanguinea
has been developed along with antioxidant activity evalu-
ation. A simple and sensitive quantification method
developed for seven compounds however only four com-
pounds; p-coumaric acid (4), rutin (7), tiliroside (14) and
kaempferol (16) were quantified as others were in lesser
amount. Syringic acid and quercetin were found in trace
amount whereas chlorogenic acid was absent in the ethanol
extract of roots of P. atrosanguinea. Total polyphenolic
and flavonoid contents were determined to be 21.75 mg of
gallic acid equivalent and 8.57 mg of quercetin equivalent
per gram of dry plant material, respectively. Antioxidant
activity of extract was assessed using three assays; 2,2'-
diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS) and ferric reduc-
ing antioxidant power (FRAP). The 1Cs, values; 35.75 ng/
ml and 30.35 pg/ml by DPPH and ABTS assays for
ethanolic extract showed excellent free radical scavenging
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potential of its root part. The ferric reducing ability (FRAP)
value, 26.67 mg of ascorbic acid per gram also indicated its
higher antioxidant potential.
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Introduction

Potentilla atrosanguinea Lodd. is one of the about 500
species of Potentilla genus belongs to family Rosaceae,
grown in Himalayan region. It is commonly known as larsu
(Sharma et al. 2004) and dori (Rana and Samant 2011). The
leaf part of P. atrosanguinea has been reported to be used
as herbal tea while its roots are used as food which has a
taste similar to sweet potatoes, parsnips or chestnuts (Kalia
et al. 2008). Traditionally, Potentilla species used as
medicines are mainly present in the different parts of Asia,
North America and Europe (Tomczyk and Latté 2009).
Potentilla species have ornamental as well as eth-
nomedicinal uses, the whole plant of most of the species
are well documented in oriental systems of medicines.
Several traditional uses of Potentilla species have been
reported. Different species used for the treatment of various
diseases such as cancers, viral infections, ulcers, fever,
cough, tooth ache, diabetes, haemorrhage and enterobiasis
(Tomczyk and Latté 2009). The medicinal uses of extracts
of some Potentilla species have been mentioned in Chinese
medicinal system as antirheumatic, detoxifiers and also
used for the treatment of hepatitis, diarrhoea, scabies etc.
(Xue et al. 2005, 2006).

A number of chemical constituents such as phenolic
compounds, triterpenoids, flavonoids, condensed tannins
and hydrolysable tannins have been reported from different

@ Springer


http://orcid.org/0000-0002-8257-8927
https://doi.org/10.1007/s13197-018-3383-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-018-3383-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-018-3383-8&amp;domain=pdf
https://doi.org/10.1007/s13197-018-3383-8

4338

J Food Sci Technol (October 2018) 55(10):4337-4345

Potentilla species. Tannins have been explained as
important constituents of aerial and underground parts of
Potentilla species which were responsible for most of their
pharmacological activities such as astringent, anti-micro-
bial, anti-inflammatory and immunomodulating (Tomczyk
and Latté€ 2009). However limited data reports are available
regarding the chemical constituents of P. atrosanguinea. In
one of the study, flavonoids from flowers of some of the
Potentilla species had been isolated by paper chromatog-
raphy (Harborne and Nash 1984). Flavonol glycosides were
identified in P. atrosanguinea Loddiges ex D. Don where
as chalcones and flavanones were found absent (Harborne
and Nash 1984). A HPLC quantification method had been
developed which demonstrated the presence of phenolic
compounds and potent antioxidant potential of P.
atrosanguinea Lodd. var. argyrophylla (Kalia et al. 2008).
Superoxide dismutase (SOD), a hyper-thermostable en-
zyme, has been isolated from P. atrosanguinea which was
further engineered through the mutating single amino acid
to increases its thermal stability two times (Kumar et al.
2012).

Polyphenols were also reported in two varieties of P.
atrosanguinea cv. Hort. Hybr. and P. atrosanguinea cv.
Scarlett (Swiezewska and Chojnacki 1989). Triterpenic
acids have also been quantified by HPTLC method in P.
atrosanguinea G. Lodd. ex D. Don (Swieboda et al. 2014).
Most of methods reported for the identification and quan-
tification of chemical constituents of Potentilla species are
based on HPLC, GC-MS and HPTLC. However in recent
years, for the analysis and quantification of natural chem-
ical constituents, UPLC analysis methods have been used
more comparatively to other quantification methods
because of their higher sensitivity and less analysis time.
A HPLC quantitative analysis method followed by UPLC
qualitative method has been developed for the identifica-
tion of polyphenols and tannins present in commercially
available herbal products of P. rormentilla (Fecka et al.
2015). However there is no report regarding the UPLC
method development and quantification of P. atrosan-
guinea chemical constituents in the literature best to our
knowledge.

In the present study, a new method has been developed
for UPLC quantification of chemical constituents of root
part of P. atrosanguinea. The developed method was val-
idated for four compounds; p-coumaric acid (4), rutin (7),
tiliroside (14) and kaempferol (16) simultaneously. In
addition, tentative identification of eight major compounds
of root parts of P. atrosaguinea by the same method was
carried out using mass fragmentation pattern. Furthermore
total phenolic content, total flavonoid content and antiox-
idant activity of root extracts were evaluated.
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Materials and methods
Material

P. atrosanguinea plant material was collected in the month
of August 2013, from Lahaul & Spiti district of Himachal
Pradesh, India, situated at an elevation of 4590 m from sea
level. Plant material was identified by the taxonomist Dr.
Brij Lal and voucher specimen (voucher number-PLP-
16515) deposited in herbarium of the CSIR-IHBT,
Palampur, India.

Chemicals

Chlorogenic acid, syringic acid and quercetin were pur-
chased from sigma Aldrich, India. p-Coumaric acid (4),
rutin (7), tiliroside (14) and kaempferol (16) were isolated
from root part of P. atrosanguinea and characterized by
comparison of MS, 1D- and 2D-NMR spectral data. DPPH,
ABTS, ascorbic acid, potassium persulphate and gallic acid
were purchased from Sigma Aldrich. Ferric chloride and
potassium acetate were purchased from Hi-media Lab,
Mumbai and Ranbaxy, New Delhi respectively. All the
analytical grade solvents; methanol, water and formic acid
were purchased from J. T. Baker (Avantor Performance
Material Inc., Center Valley, PA, USA). All other chemi-
cals and solvents used were of analytical grade.

Extraction and isolation

The dried underground part (1.5 kg) of P. atrosanguinea
was percolated with 95% EtOH at room temperature (3.5
L x 1, followed by 1.5 L x 7, 95: 5, v/v). The ethanol
extracts were combined and evaporated to dryness under
vacuum at 45 °C to obtain residue (67 g). Part of this
extract (57 g) was suspended in distilled water followed by
successive partitions with CHCl; (500 ml x 3, 8 g),
EtOAc (500 ml x 3, 11.6 g) and n-butanol (500 ml x 3,
20 g). The CHCI; and EtOAc extracts were combined on
the basis of similar TLC profiling. By repeated column
chromatography using silica gel (230-400 mesh size) and
reverse phase silica gel (Cg) leads to isolation of four
compounds; (4), (7), (14) and (16). NMR data of isolated
molecules was recorded in CD3;0OD solvent on NMR Bru-
ker 600 MHz for their characterization using TMS as an
internal standard.

Standard preparation

Stock solutions of individual standard compounds p-cou-
maric acid (4), rutin (7), tiliroside (14), kaempferol (16),
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syringic acid, quercetin and chlorogenic acid of 1 mg/ml
were prepared in methanol.

Sample preparation

Microwave assisted extraction was performed in convec-
tion microwave (IFB) using 3.5 g powdered plant material
and 100 ml extraction solvent (ethanol) at 1400 W power
for 5 min. The extract was filtered, concentrated under
reduced pressure and lyophilized. The extract was dis-
solved in methanol to get a final concentration of 10 mg/
ml. The resulted stock solution was filtered through a
Whatmann PTFE syringe filter of 0.2 um and for analysis,
1 pl of the sample was injected into UPLC-DAD system.

UPLC conditions

The UPLC analysis was carried out on a Waters ACQUITY
Ultra High Performance LC system (Water, Milford, MA,
USA) equipped with an autosampler, a binary solvent
delivery pump, PDA detector and Masslynx v4.1 software.
UPLC BEH C18 column (Waters Acquity),
2.1 mm x 100 mm, 1.7 um particle size with column
temperature 30 °C was used. For UPLC analysis, mobile
phase consisted of 0.05% formic acid in water (A) and
methanol (B) was used. The gradient programme was:
0-0.50 min, 90%; 2.0-7.0 min, 75%; 12.0-14.0 min, 30%;
15.0-18.0 min, again 90% of A. The injection volume was
1 pl and PDA detection wave length was set at 265 nm.

Mass spectrometry conditions

MS/MS was performed on Q-TOF mass spectrometer
equipped with an ESI source (Micromass, Manchester,
UK) and Masslynx v4.1 software. Data acquisition for
UPLC analysis was carried out using positive ion mode
over a mass range of m/z 100-2000. Positive as well as
negative ion ESI-MS analysis was carried out by direct
infusion using a syringe pump with a flow rate of
0.25 ml min~'. The MS parameters were set as, cone
voltage 22 V; capillary voltage 3.1 kV; desolvation tem-
perature 200 °C. The desolvation gas flow and cone gas
were set 500 L/h and 50 L/h respectively. The source
temperature, scan time and interscan delay were set at
80 °C, 1.0 s and 0.1 s respectively.

Method validation

The validation of method includes determination of lin-
earity, LOD, LOQ, selectivity, precision and recovery. The
calibration curves were obtained by plotting the nominal
standard concentration (x) versus the peak area (y) of the
analytes and linearity was determined by the analysis of a

series of standard solutions of 4, 7, 14 and 16. Compounds
were identified in the sample by comparing their retention
time and UV A, with standards. For each standard, the
diluted standard solutions were injected for the evaluation
of LOD and LOQ till signal to noise ratio (S/N) for LOD
was 3:1 and for LOQ, 10:1. The repeatability and repro-
ducibility of the developed method were ascertained by
measuring the intra-day and inter-day variability. A sample
was analyzed three times per day and three consecutive
days for evaluating intra-day and inter-day variability. The
precision for intra-day and inter-day was expressed as
percentage of relative standard deviation (% RSD). The
accuracy of the developed method was assessed by
recovery study. For this standard solutions with three dif-
ferent concentration levels were added to the samples and
these samples were analyzed by the developed method
after extraction.

Total phenolic content

Total phenolic content (TPC) in the ethanolic extract of
root part of P. atrosanguinea was determined by Folin—
Ciocalteu’s reagent (Walia et al. 2016). Gallic acid (1 mg/
ml, prepared in 80% aqueous ethanol) was used as a
standard for the preparation of standard curve. Sequential
dilutions of aqueous gallic acid; 20, 40, 60, 80, 100 pg/ml
were prepared. Stock solution of sample, 2 mg/ml was
prepared in ethanol. Each sample 100 pl, was mixed with
1.0 ml 35% Na,CO; and 0.5 ml of Folin—Ciocalteu’s
reagent in a volumetric flask of 25 ml and distilled water
was added to make total volume up to 25 ml. Absorbance
of the sample was measured at 730 nm using UV-visible
spectrophotometer (UV 2450 Shimadzu spectrophotome-
ter) after incubating at room temperature for 30 min. TPC
of root part of P. atrosanguinea was expressed as mg of
gallic acid equivalent (GAE) per gram of dry plant mate-
rial. TPC of sample was determined in triplicate.

Total flavonoid content

Total flavonoid content (TFC) in root extract was measured
using method described by Walia et al. (2016). Stock
solutions; sample (2 mg/ml) and standard quercetin (1 mg/
ml) were prepared in ethanol and 80% of aqueous ethanol,
respectively. Different concentrations; 20, 40, 60, 80 and
100 pg/ml of standard were prepared. 1.5 ml ethanol,
0.1 ml 10% aluminium chloride and 0.1 ml potassium
acetate were mixed to each 100 pl of sample, after that
total volume was made up to 5 ml. After 30 min incubation
at room temperature, absorbance was measured at 415 nm
using UV-visible spectrophotometer. TFC of sample was
expressed as quercetin equivalent (QE) per gram of dry
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plant material. For the TFC determination, assay was per-
formed in triplicates.

Evaluation of antioxidant activity
Free radical-scavenging activity using DPPH radical

The DPPH radical-scavenging activity was determined by
the procedure based on previously reported method pro-
posed by Kalia et al. (2008) with slight modifications.
Different concentrations of ascorbic acid standard (5, 10,
15, 20, 25 pg/ml) and sample (20, 40, 60, 80, 100 pg/ml)
were prepared in ethanol. 100 pl of each sample was mixed
with 1.9 ml of 0.1 mM DPPH solution prepared in ethanol.
Absorbance was recorded at 517 nm after the 30 min
incubation at room temperature in dark using UV-Vis
spectrophotometer. Results of DPPH assay were expressed
as ICsq, which indicates the sample concentration required
to inhibit 50% DPPH free radicals. Assay was performed in
triplicates. The percentage inhibition of DPPH free radical
(I%) was calculated as follows:

1% = (Ac — As/Ac) x 100

where Ac is the absorbance of control and As is the
absorbance of extract. By plotting a graph between per-
centage inhibition (/%) and concentrations of the extract.

Free radical scavenging ability using ABTS

The free radical scavenging activity by ABTS was mea-
sured according to Kalia et al. (2008). 7 mM ABTS solu-
tion prepared in water was mixed to 2.45 mM potassium
persulphate solution and kept the mixture at room tem-
perature in dark for 12—16 h to produce ABTS free radical.
The absorbance of resulted ABTS™ solution was set at
0.700 =+ 0.02 at 734 nm by diluting with ethanol. Different
concentrations; 5, 10, 15, 20 and 25 pg/ml of standard
ascorbic acid were prepared in ethanol. Sample was also
diluted to different concentrations; 20, 40, 60, 80, 100 ng/
ml in ethanol. 2 ml of ABTS™ solution was added to
100 pl of each sample, incubated for 4 min and absorbance
was measured at 734 nm using UV-Vis spectrophotometer.
Assay was performed in triplicates. ABTS™ inhibition
activity of ethanolic extract was expressed as ICso, which
indicates the sample concentration required to scavenge
50% ABTS™. The percentage inhibition of ABTS free
radical (/%) was measured as follows:

1% = (Ac — As/Ac) x 100
where Ac represents the absorbance of control and As
shows the absorbance of extract. For the calculation of the

IC5 of the extracts, a graph was plotted between inhibition
percentages of the concentrations.
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Ferric-reducing antioxidant power (FRAP) assay

FRAP assay was carried out using the method based on
Walia et al. (2016) and Benzie and Strain (1996). The
capability of antioxidant to reduce tripyridyltriazine com-
plex of Fe** i.e. (Fe**/TPTZ) into blue colored complex
Fe>"/TPTZ is measured. 0.3 M acetate buffer (pH = 3.6),
10 mmol of TPTZ solution 40 mmol of HCI and 20 mmol
of ferric chloride hexahydrate solutions in the ratio 10: 1: 1
(v/vlv) were mixed and heated at 37 °C to prepare FRAP
reagent. Stock solution; 1 mg/ml of sample (ethanolic
extract) and different standard (ascorbic acid) concentra-
tions; 5, 10, 15, 20, 25 pg/ml were prepared in ethanol. To
each sample (100 pl), 1.5 mL of FRAP solution was added
and incubated for 4 min. The absorbance was measured at
593 nm using UV-Vis spectrophotometer. FRAP assay
measurements performed in triplicates.

Results and discussion
Isolation and identification of compounds

Four compounds were isolated from combined ethyl acet-
ate and chloroform extract by column chromatography.
These compounds were identified as p-coumaric acid (4),
rutin (7), tiliroside (14) and kaempferol (16) by comparing
their spectral data with literature (Agnihotri et al. 2008;
Kazuma et al. 2003; Iwashina and Kokubugata 2012; Vega
etal. 2007). NMR data has been provided in supplementary
information for all the isolated molecules (Suppl.
Figures 1-4).

Optimization of UPLC conditions

The chromatographic conditions were optimized for the
better resolution with standard mixture and sample solu-
tions. Different proportions of ACN, methanol and water
were tested; 0.05% formic acid in water and methanol was
optimized for the better separation and good peak shape.
The column temperature was set at 30 °C to achieve better
base line resolution after the optimization of the different
temperatures 25, 30, 35 and 40 °C. Seven compounds
chlorogenic acid (retention time, tg: 3.98), syringic acid
(tr: 5.30), p-coumaric acid (4; tg: 7.52), rutin (7; tg: 10.46),
quercetin (tg: 11.86), tiliroside (14; tg: 12.04) and
kaempferol (16; tg: 12.56) were separated. Figure 1 shows
the chromatograms of standards and sample by comparing
retention times and UV A, of standard, compounds in the
sample were identified.
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Fig. 1 UPLC chromatogram of standards (a) and sample (b)
Validation of parameters

A fast and sensitive UPLC-DAD method was developed
for the simultaneous quantification of seven compounds in
root extract of P. atrosanguinea. The calibration curves
were prepared by injecting standard solutions of ten con-
centration levels keeping injection volume constant in the
range of 0.195-100 pg/ml for all the standards (4, 7 and
14); for 16, 0.195-50 pg/ml) and good linearity of method
was showed regression coefficients (R*) ranging from
0.997 to 0.994 (Table 1). The LODs and LOQs for the
compounds 4, 7 and 14 were 0.012 and 0.04 pg/ml
respectively. For the compound 16, LOD and LOQ were
0.048 and 0.14 pg/ml respectively. The intra- and inter-day
precisions; expressed as [% relative standard deviation (%
RSD), obtained in the range of 0.32-0.59 pg/ml and
1.2-1.8 pg/ml, respectively. Recovery of each standard
was determined by spiking the sample with three different

Time
18.00

12.00

14.00 16.00

concentrations (Suppl. Table 1); 1% recovery was obtained
in the range of 95.4-102.0% having /% RSD ranging from
1.24 to 2.5% for the quantified compounds. These results
showed excellent recovery having all the values within
acceptable limits; which indicates the extraction of phe-
nolic compounds was nearly complete during sample pro-
cessing. The overall validation results showed good
linearity, accuracy, precision and sensitivity of developed
UPLC-DAD method, therefore this could be used for the
quantification analysis of other phenolic bearing plants.

UPLC-DAD-ESI-MS-MS analysis

The retention times, MS/MS data and UV A, of four
identified compounds were compared with their standards
and literature. A positive ion mode ESI-MS-MS was used
for the identification of compounds. The LC-MS-MS, their
mass fragmentations and UV A, of quantified compounds
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Table 1 Method validation data

Compounds Regression equation Linearity (pg/ R? LOD (pg/ LOQ (png/ Intraday Precision Interday Precision
mL) mL) mL) (n=06) (n=3)
y =237.7x + 254.6  0.195-100 0.997 0.012 0.04 0.42 1.8
7 y = 196.9x + 204.3 0.195-100 0.997 0.012 0.04 0.57 1.6
14 y = 232.8x + 2554 0.195-100 0.996 0.012 0.04 0.32 1.7
16 y =236.5x + 87.92  0.195-50 0.998 0.048 0.14 0.59 1.2

were presented in Suppl. Table 2. Compound 4, p-cou-
maric acid has molecular ion peak at m/z 165 [M + H]" in
the mass spectra and its fragmentation at m/z 147 [M + H-
H,0]" showed the loss of a water molecule (Wang et al.
2012). In mass spectra of compound 7, rutin; there is a loss
of rhamnose and sugar units shown by fragmentations at m/
7465 [M 4+ H-rthm]" and 303 [M + H—glu]* respectively
(Cuyckens and Claeys 2004). From mass spectra of com-
pound 14, tiliroside, mass fragmentations at m/z 309
[M + H—coumaroylglucoside] " indicates the loss of
coumaroylglucoside unit and at m/z 147 showed a char-
acteristics fragment of coumaroyl unit (Felipe et al. 2014).
The mass spectra of compound 16, kaempferol showed the
fragmentations at m/z 259 [M + H-CO]" indicates loss of
a carbon monoxide unit, 241 [M + H-H,0-CO]* loss of
water molecule and a carbon monoxide unit, 213 [M + H-
H,0-2CO]" loss of water molecule with two molecules of
carbon monoxide units (Tsimogiannis et al. 2007).

In addition to these four quantified molecules (4, 7, 14
and 16); eight compounds were also tentatively identified
from P. atrosanguinea root extract by mass fragmentations
and UV A... (Suppl. Table 3). Mainly derivatives of
quercetin, kaempferol and rhamnetin were identified ten-
tatively. Karanjin (2) was observed at tg 4.52 and m/z 293
[M + H]" with UV Apay 215, 276 and 354 (Perumalsamy
et al. 2015; Yi et al. 2015); at tg 5.78 rhamnetin-O-diglu-
curonide (3) was observed at m/z 669 with fragmentations
at 493 [M + H—g:{lucuronide]+ and 317 [M + H-two units
of glucuronide] ™ by elimination of one and two units of
glucuronide, respectively, UV A, 201, 253 and 353
(Schieber et al. 2002). Quercetin glucuronide (6) was
observed at tg 10.22, having m/z 479 [M + H]t with
fragment at m/z 303 [M 4+ H—glucuronide] ™ with UV A,
256 and 344 (Iwashina et al. 2012) whereas at tg 10.41 with
m/z 475, major fragmentation at m/z 301 showed quercetin
derivative (8) by negative mass fragmentation pattern. At
tg  10.99, kaempferol derivative (10) with m/z 918
[M + H]t with fragmentations at 617, 471, 287 and UV
Amax 264, 346. Another kaempferol derivative (12) at tg
11.18 was observed i.e. kaempferol-3-O-glucosyl rham-
nosyl-(p-coumaroyl) hexoside having m/z at 903
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[M + H]" with fragmentation at 287 (Duo et al. 2007) and
UV Amax 268 and 338. At tg 11.09, rhamnetin derivative
(11) was observed at m/z 984 with fragmentations at 623,
491, 315 identified by negative mass fragmentation pattern
with UV A 203, 253, 354 (Schieber et al. 2002). Another
compound; quercetin glucuronide (13) was observed at tg
11.30 with m/z 479 [M + H]' with fragmentation at m/z
303 [M + H—glucuronide]™ (Iwashina et al. 2012).

Quantification of constituents

The polyphenol and flavonoid compounds in the 80%
aqueous ethanol extract are presented in Table 2 and their
structures are given in Suppl. Figure 5. Tiliroside (14) was
present in higher amount (0.76 mg/g of dry plant material)
in the sample. The other identified compounds were
kaempferol (16), followed by p-coumaric acid (4) and rutin
(7). However chlorogenic acid was found absent in the
sample, whereas syringic acid and quercetin were found in
trace amount in the sample. In the previous study, HPLC
quantification of aerial part of P. atrosanguinea showed the
presence of phenolic compounds; chlorogenic acid, (+)-
catechin, caffeic acid, p-coumaric acid and quercetin (Kalia
et al. 2008).

Table 2 Amount of quantified compounds presents in root part of P.
atrosanguinea

Compound Amount (mg/g of plant material)
Chlorogenic acid Absent

Syringic acid Traces

p-Coumaric acid (4) 0.13

Rutin (7) 0.14

Quercetin Traces

Tiliroside (14) 0.9

Kaempferol (16) 0.032
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Table 3 Total polyphenol and flavonoid content of P. atrosanguinea
root extract

Sample Total polyphenol content® Total flavonoid content”

PA-RT 21.75 8.57

“Data expressed as mg of GAE/g of dry plant material
®Data expressed as mg of QE/g of dry plant material

Table 4 Antioxidant activity of P. atrosanguinea root extract

Sample DPPH (ICs ABTS (ICsg FRAP (mg of ascorbic
in pg/mL) in pg/mL) acid per gram)
Ascorbic  11.63 14.52 -
acid
PA-RT 35.79 30.35 18.1

Total polyphenol and flavonoid content

Total polyphenol content was 21.75 mg of GAE/g of dry
plant material. However polyphenol content of aerial part
was slightly higher, 26.7 & 0.11 to 30.7 & 0.05 mg of
GAE/g for dry plant material (Kalia et al. 2008). Total
flavonoid content of P. atrosanguinea root part was
8.57 mg of QE/g of dry plant material whereas content of
aerial part was reported to be higher, 16.8 = 0.07 to
20.8 £ 0.02 mg of QE/g of dry plant material (Kalia et al.
2008). The total polyphenol and flavonoid content in root
part of P. atrosanguinea are presented in Table 3. The
therapeutic effects of Potentilla species are well explicated
and most of these could be described by the high content of
polyphenols (Tomczyk et al. 2010). In addition, one report
showed that the phenolic content of plants used as herbal
tea helps in lowering coronary heart diseases and risk of
atherosclerosis (Shahidi and Wanasundara 1992). Jaitak
et al. (2010) has evaluated the total phenolic content of
different extract/fractions (methanol, ethyl acetate, butanol
and water) of root part of P. fulgens (another species of
Potentilla from Himalayan region). They also showed that
high phenolic content which has been varied from
20.61 £+ 0.38 to 33.28 £ 0.11 mg GAE/g of dry plant
material.

Antioxidant activity

DPPH assay showed, ICs, for standard ascorbic acid and
sample were 11.63 and 35.79 pg/ml, respectively
(Table 4). ABTS assay also showed similar results as ICs,
was 14.52 pg/ml for ascorbic acid and 30.35 pg/ml for

400 - DPPH assay
g ® % inhibition of ascorbic
3501 acid
300 A ¢ % inhibition of sample
=4 g
S 250 . e
= A Linear (% inhibition of
£ 200 4 S ascorbic acid)
= 150+ e Linear (% inhibition of
N /
< 1004 Py sample)
Ry
50+ /
0 T T !
0 50 100 150
Concentration (ung/mL)
(@)
350 - ABTS assay
300 A + % inhibition of
S ascorbic acid
£ 250 A
£ 500 A /7 = % inhibition of
= d sample
,'E 150
F 100 - A . Linear (%
o inhibition of
504 ¥ ascorbic acid)
0 M i . X Linear (%
0 50 100 150 inhibition of
. 1
Concentration (ng/mL) sample)
(b)

Fig. 2 Antioxidant activity of root extract a DPPH assay; b ABTS
assay

sample. The free radical scavenging by sample measured
by DPPH and ABTS assays is shown in Fig. 2. Antioxidant
activity measured by FRAP assay was 18.1 mg of ascorbic
acid per gram. Our results showed slightly less antioxidant
ability of root part as compared earlier for its aerial part
(Kalia et al. 2008). Natural antioxidants are of vast
importance due to their usage in food supplements and
treatment of oxidative stress-related diseases (Kumar et al.
2016). Antioxidant activity of different extract/fractions of
root part of P. fulgens also revealed the high scavenging
potential. DPPH and ABTS assays showed variation from
0.60 £ 004 to 241 +£0.05 and 0.67 +£0.07 to
2.54 £ 0.06 respectively mM trolox equivalent/mg of
extract. Ferric reducing ability was found to vary from
0.72 £ 0.0 to 3.57 &+ 0.05 mM trolox equivalent/mg of
extract by Jaitak et al. (2010).
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Conclusion

A new simple and sensitive UPLC-PDA method has been
developed for the separation and quantification of seven
phenolic compounds of root extract of P. atrosanguinea.
This method could be applied for the routine qualitative
and quantitative analysis of phenolic constituents in any
plant species or their part. The results showed analysis
depicted considerable amount of phenolic content and
excellent scavenging potential of root extract of P.
atrosanguinea that can be used as a source of natural
oxidants.
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