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Abstract In the present study, the extraction techniques like
maceration, ultrasound and soxhlet extraction were
employed to obtain different extracts from the powdered
roots of Nepeta leucophylla using the solvents of different
polarity and the percentage yield of the different extracts was
compared. These extracts were screened for their total
polyphenolic content (TPC), total flavonoids content (TFC)
and for their antioxidant potential using different assays like
2,2-diphenyl-1-picrylhydrazyl radical scavenging (DPPH),
nitric oxide scavenging, ferric reducing antioxidant power
(FRAP) and total antioxidant capacity (TAC). The results of
percentage yield of different extracts ranged from 0.9 to
8.07 %. The methanol extract obtained by Soxhlet method
showed a higher value of TPC [94.02 mg GAE/g of dry plant
extract (DPE)], FRAP (130.75 mg Fe(Il) E/g of DPE), per-
centage inhibition of DPPH (91.4 %) and NO scavenging
(51.6 %), whereas the same extract obtained by ultrasound
assisted extraction method showed higher values of TFC
(228.75 mg RE/g of DPE) and TAC (40.8 mg AAE/g of
DPE) as compared to all other extracts. Reverse phase high-
performance liquid chromatography-photodiode array
detector analysis showed the presence of myricetin, caffeic
acid, catechin hydrate and vanillic acid as key polyphenolic
in the different methanol extracts, whereas gas chromatog-
raphy mass spectrometry analysis showed the presence of
long chain hydrocarbons, steroids, fatty acids and benzoid
classes of natural products.
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Introduction

The research on antioxidants has increased rapidly during
the past few decades due to their potential to prevent the
generation of free radicals—the causative agent of various
degenerative diseases like diabetes, cancer, cardiovascular,
neurological disorders, etc. [1]. The recent reports have
shown that the dietary intake of antioxidant rich foods has
lowered the risk of various degenerative human diseases
[2]. The synthetic antioxidants, like butylated hydrox-
yanisole, butylated hydroxytoluene, tertiary butyl hydro-
quinone and propyl gallate etc. have been extensively used,
but now-a-days their use has been limited due to their wide
range of side effects [3]. The plants, a rich repository of
diverse secondary metabolites (SMs) like polyphenols,
flavonoids, carotenoids, ascorbic acid, tocopherols, etc.
have shown pronounced antioxidant potential that reduces
in vitro free radical generation and oxidation of low-den-
sity lipoprotein, controls blood pressure, inhibits platelet
aggregation, etc. Further, these compounds have also been
well known for their antiallergic, antibacterial, antimuta-
genic and antiviral activities [4, 5]. Thus, nowadays the
interest in exploring new ecofriendly natural antioxidant
has increased significantly.

Nepeta leucophylla, a member of the genus Nepeta
belongs to the family Lamiaceae. Out of the 300 species of
this genus found all over the world, 41 are found in Wes-
tern Himalayan region of India [6]. The terpenoids (iridoids
nepetalactones and their derivatives) along with steroids,
flavonoids and polyphenols are the principal classes of SMs
present in this genus [7, 8]. The genus is well known for its
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therapeutic potential since ancient times as its different
species have been used as antispasmodics, antiasthmatics,
antitussives, diaphoretics, diuretics, anti-inflammatory,
antimicrobial, antiviral agents, fungicides, sedatives [9—11]
antioxidants, disinfectants, [12, 13]. Further, these species
have also been effective against angina pectoris, cardiac
thrombosis, stomach, liver, kidney and tooth ailments [7, 8].

Nepeta leucophylla is found on the open slopes of
mountains in the Himalayan region of Himachal Pradesh,
Uttarakhand, J & K and Nepal. The phytochemical analysis
of essential oil and various extracts obtained from different
parts of this plant has shown the presence of iridodial
dienol diacetate, iridodial B-monoenol acetate, dihydroiri-
dodial diacetate, coleon U 12-methyl ether and ursolic acid,
etc. [14—16]. Traditionally, the paste prepared from leaves
of N. leucophylla has been used to cure malarial fever [17].
The leaves have been also used to prepare tea by the local
peoples. Further, the essential oil and various extracts of N.
leucophylla have been also known to show antifungal and
antibacterial activity [18].

But, recent knowledge on the polyphenolic composition
of N. leucophylla and antioxidant potential is limited.
Therefore, in the present investigation, we focused on the
comparison of the percentage yield, qualitative phyto-
chemical composition, antioxidant potential, total
polyphenolic and flavonoids content of various extracts
obtained from air dried roots of N. leucophylla using dif-
ferent extraction methods [maceration (MM), ultrasound
assisted extraction method (UAEM), Soxhlet extraction
method (SEM)] and solvents (hexane, chloroform, metha-
nol). Reverse phase high-performance liquid chromatog-
raphy-photodiode array detector (RP-HPLC-DAD) and gas
chromatography mass spectrometry (GC-MS) analysis of
bioactive extracts was also carried out to enlighten the
chemical compositions of the various extracts.

Materials and methods
Plant material

Nepeta leucophylla plants were collected from Manima-
hesh hills (at an elevation of >2000 m) near to Hadsar
(latitude 32°15'-32.26°N and longitude 76°19'-76.32°E) in
Chamba district of Himachal Pradesh on October, 2013.
The plant material was identified by Dr. M.L.S. Saggoo
(Professor, Department of Botany) of Punjabi University,
Patiala and the specimen (voucher no. PUN58876) was
deposited in the Herbarium of Punjabi University, Patiala.
The plant material was air dried (30 days) and pulverized
with the help of electrical grinder and stored in air tight
polyethylene bags at low temperature (<4 °C) for further
use.

Chemicals

The various standards (HPLC) used in the present study
were purchased from Loba Chemie, Otto Chemie, Sigma
Aldrich and Thermo Fisher Scientific (Acros organics),
India Pvt. Ltd, Mumbai. HPLC grade methanol and ace-
tonitrile were purchased from Merck, India Pvt. Ltd,
Mumbai. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and
HPLC grade glacial acetic acid were procured from Otto
Chemie, India Pvt. Ltd, Mumbai. All other chemicals,
different reagents and solvents used in the study were of
analytical grade and obtained from Fluka, Loba Chemie,
Otto Chemie, Sd-Fine Chemicals and Thermo Fisher Sci-
entific (Acros organics), India Pvt. Ltd. The Millipore
water (obtained from Millipore Direct Q 3 with pump,
instrument) was used throughout the experimental work.

Extraction of plant material

The various extracts of powdered roots of N. leucophylla
were obtained by following methods [19].

Maceration method (MM)

The same plant material (20 g) was extracted three times in
arow with 3 x 100 mL of solvent and extraction time was
3 x 32 h. The extraction was carried out in the dark at
room temperature (30 £ 3 °C). The liquid extract isolated
from the solid residue was filtered twice with whatman
filter paper no. 1. Further, the filtrate was evaporated using
a rotary vacuum evaporator (at 45 °C) to dryness and the
percentage yield was noted. Finally, the dry plant extracts
were stored at temperature <4 °C for further studies.

Ultrasound assisted extraction method (UAEM)

In this method, the same plant material (20 g) was
extracted three times and each time 120, 90 and 90 mL of
solvent were used, whereas the time of extraction was 30,
15 and 15 min, respectively. The extraction was done using
temperature controlled sensitive prove at 55 °C (%1 °C).
Further processing of different extracts was carried out
using the same procedure as described in the above
method.

Soxhlet extraction method (SEM)

The powdered roots (40 g) were extracted for 8 h with
each solvent (at boiling point of solvent used). After the
completion of extraction, the processing of different
extracts was carried out in the same manner as illustrated in
the previous methods.
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Total polyphenolic content (TPC)

The method described by Stoilova et al. [20] was followed
for the quantitative assessment of the total polyphenolic
content of various extracts using the Folin—Ciocalteu
reagent. 10 mL deionized water was mixed with 1 mL of
different extracts (1 mg/mL) or standard solution
(0-150 mg/L). To this solution, 1 mL of Folin—Ciocalteu
phenol reagent was added and the mixture was incubated
for 5 min. Then, 2 mL of sodium carbonate solution
(20 %) was added to the mixture. Finally, the content was
again incubated in the dark for 60 min and the absorbance
of the samples was noted at 750 nm on UV-Vis spec-
trophotometer 1800 (Shimadzu). The gallic acid was used
as a standard (Y = 9.788x + 0.0137, R* = 0.9993). The
results were expressed as mg of gallic acid equivalents
(GAE)/1 g of dry plant extract (DPE) as mean of three
replicates.

Total flavonoids content (TFC)

The aluminum chloride method described by Zhishen et al.
[21] was used for the quantification of TFC. 4 mL deion-
ized water was mixed with 1 mL of the different extracts
(1 mg/mL) or standard solutions (0-300 mg/L). Then,
0.3 mL of sodium nitrite solution (5 %, w/v) was added to
the above mixture. After 5 min incubation, 0.3 mL of
aluminum chloride (10 %, w/v) followed by 2 mL of
sodium hydroxide (1 M) was added. Further, the deionized
water was used to make the total volume 10 mL. Finally,
the absorbance was read at 510 nm. The rutin trihydrate
was used as standard (Y = 1.1643x + 0.0018,
R? = 0.9984) and the results of TFC were expressed as mg
of rutin trihydrate equivalents (RE)/1 g of DPE. Each
sample was analyzed in triplicate.

Qualitative analysis of phytochemical

The different root extracts were screened for the presence
of alkaloids, carbohydrates, coumarins, diterpenoids, fla-
vonoids, glycosides, lignins, polyphenols, proteins, resins,
saponins, steroids and triterpenoids using standard quali-
tative tests in order to establish their chemical profiles [22,
23]. The results of qualitative analysis of phytochemical
were represented as + or — which indicates the presence or
absence of a particular SM in the extract.

Antioxidant potential
The following four assays were used for the evaluation of
antioxidant potential of different root extracts. The quer-

cetin dihydrate and ascorbic acid were used as standard
control in each assay.

@ Springer

DPPH free radical scavenging assay

The DPPH free radical scavenging potential was deter-
mined according to the procedure used by Uddin et al. [24].
0.2 mL of different extracts and standard (1 mg/mL) was
mixed with 3 mL of methanolic solution of DPPH
(0.004 %). Then, the incubation (30 min) of different
samples was done in the dark at room temperature. Finally,
the result of absorbance was read at 517 nm. The following
equation was used to calculate the results of DPPH free
radical percentage inhibition (I %):

I %[DPPH free radical] = [(Ac— As)/ Ac] x 100

where Ac and Ag are the absorbance of the control and
samples or standard. The each sample was analyzed in
triplicate.

Nitric oxide scavenging assay

The method demonstrated by Hazra et al. [25] with some
modification was used to evaluate the nitric oxide scav-
enging potential of different extracts. To 0.2 mL of dif-
ferent extracts (1 mg/mL), 0.8 mL of sodium nitroprusside
solution (10 mM) prepared in phosphate buffered saline
(pH 7.4) was added and different samples were incubated
at room temperature for 150 min. Then, 1 mL sulfanil-
amide (0.33 %, w/v in 20 % glacial acetic acid) was added
to each sample and again samples were incubated for
5 min. After this, 1 mL of napthyl ethylenediamine dihy-
drochloride solution (0.1 %, w/v) was mixed with different
sample solutions. Finally, after the incubation of 30 min at
room temperature, the absorbance of the solution was read
at 540 nm on UV-Vis spectrophotometer. The following
equation was used to evaluate the percentage inhibition
(I %) of NO free radical:

I%[NO-] = [(Ac — As)/ A x 100

where Ac and Ag are the absorbance of the control and
samples or standard. The value of percentage inhibition
was evaluated in triplicate for each sample.

FRAP assay

The FRAP assay was carried out according to the method
of Benzie and Strain [26]. 0.2 mL of different extracts
(0.5 mg/mL) and standards (0-300 mg/L) was added to
2.8 mL of FRAP solution [25 mL acetate buffer
(300 mM), 2.5 mL of TPTZ (2,4,6-tripyridyl-s-triazine)
(10 mM in 40 mM HCl) and 2.5 mL FeCl;e6H,0
(20 mM)]. The samples were incubated for 30 min in the
dark at room temperature. Finally, the absorbance was
noted at 593 nm. Ferrous sulphate was used as standard
(Y = 4.5682x — 0.0347, R = 0.9993). Each experiment
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was carried out in triplicate and the results were expressed
as mg of ferrous II equivalent (Fe(Il) E)/1 g of DPE.

TAC assay

The phosphomolybdenum reducing method stated by Pri-
eto et al. [27] was used to assess the total antioxidant
capacity of the different extracts. 0.3 mL of different
extract (1 mg/mL) or standard (0-300 mg/L) was added to
3 mL of the reagent solution (0.6 M sulfuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate). All
the samples were incubated at 95 °C for 90 min. After
cooling to room temperature, the absorbance of each
sample was measured at 695 nm on UV-Vis spectropho-
tometer. Ascorbic acid was used as standard (Y =
3.5665x — 0.0503, R? = 0.9992) and the results were
represented as mg of ascorbic acid equivalent (AAE)/1 g of
DPE. Each sample was evaluated in triplicate.

RP-HPLC-DAD analysis

The composition of polyphenolic compounds in the
methanolic extracts obtained by different extraction methods
from roots of N. leucophylla were analyzed by a modified
method of Wu et al. [28]. The study was carried out in detail
using a Waters (USA) 1525 binary pump, a 2998 photo diode
array detector (in range 210-400 nm), a 2707 auto-sampler
and inline degasser AF. The Sunfire C-18 reversed phase
column (125 x 4.6 mm length, 5 um particle size, Waters
(USA) was used for the separations. A gradient mode was
used with a solvent A—acetic acid:water (2:98, v/v) and
solvent B—1 % acetic acid:acetonitrile (1:1, v/v) to elute the
different samples and standards at room temperature. The
different samples and standards were dissolved in HPLC
grade methanol and were filtered through 0.22 pm Millipore
Millex GV (hydrophilic PVDF) syringe filter, whereas the
different solvents used for elution were filtered with Milli-
pore solvent filtration assembly having durapore GVWP
0.22 um, 47 mm filter prior to HPLC injection. 20 pL of
sample or standards were injected at the flow rate of 1 mL/
min. The elution gradient applied was: B:A (15:85) from 0 to
1 min, B:A (35:65) from 1 to 30 min, B:A (75:25) from 30 to
40 min, B:A (90:10) from 40 to 45 min, B:A (100:0) from 45
to 52 min, B:A (20:80) from 52 to 56 min and B:A (5:95)
from 56 to 60 min, respectively. The polyphenolic com-
pounds like benzoic acid, caffeic acid, chlorogenic acid,
p-coumaric acid, ferulic acid, gallic acid, p-hydroxybenzoic
acid, syringic acid, vanillic acid, trans-cinnamic acid, cate-
chin hydrate, myricetin, quercetin dihydrate and rutin tri-
hydrate were used as standards. Each sample was examined
in triplicate. The polyphenolic compounds were identified by
comparing their retention times and UV-Vis chromatogram
to the commercial standards and their quantification were

carried out on the basis of peak areas and by using calibration
curves drawn for each standard (Linear equations used and
their respective R? are provided in supplementary data). The
method proved to be very sensitive as displayed from the
values of average recovery (75-86 %), limits of detection
(LOD) (0.15-0.69 pg/g) and limits of quantification (LOQ)
(0.79-2.1 pg/g). The results of polyphenolic composition
were represented as ug/g of DPE.

GC-MS analysis

There are various reports where GC—MS technique was used
to analyze the phytochemical composition of various
bioactive extracts obtained from plants [29]. In the present
study, the different extracts were (1 pL) subjected to GC—
MS analysis in Shimadzu (GC-2010 Plus) GC system cou-
pled with Mass spectroscopy (GC-MS-QP 2010 Ultra).
RTx-5Sil MS capillary column (30 m x 0.25 mm x
0.25 mm, Restesk USA) was used during the study. Helium
was used as carrier gas at a flow rate of 1 mL/min and split
ration was 1:5. The injection temperature was 280 °C and the
oven temperature was programmed as: Initial temperature
was 100 °C for 1 minand then increased to 250 °C at the rate
of 4 °C/min after hold of 5 min temperature further
increased to 280 at the rate of 5 °C/min. Finally temperature
was hold at 280 °C for 30 min. Mass spectra were obtained at
70 eV using a spectral range of 40-700 m/z with electron
ionization (EI) mode. Ion source and interface temperature
was maintained at 200 and 280 °C. The various components
were identified on the basis of comparison of their mass
spectral data with mass spectral database of Wiley8 and
NIST11 library. The method proved to be very sensitive as
displayed from the values of average recovery (85-96 %),
limits of detection (LOD) (0.002-0.14 pg/g) and limits of
quantification (LOQ) (0.03-0.30 ng/g).

Statistical analysis

The results have been expressed as the mean = SD. The
results were analyzed by one way analysis of variance
(p < 0.05) followed by Duncan’s multiple range test. The
marked correlations (among the different assay) were sig-
nificant at p < 0.05. The results were obtained by the
computer programmes: MS excel and Statistica 7 software.

Results and discussion
Extractive yield
The extraction methods and solvent used largely affect the

percentage yield of different extracts which varied from 0.9
to 8.07 % (Fig. 1). Among the solvents used, methanol
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Fig. 1 The percentage yields of different extracts obtained from the
powdered roots of N. leucophylla. MM maceration method, UAEM
ultrasonic assisted extraction method and SEM soxhlet extraction
method

showed the best extraction efficiency, which may be
ascribed to its polar nature because the polar solvents
facilitates the solubility of SMs through deep penetration in
plant cells [30]. The similar trend of percentage yield
(methanol > chloroform > hexane) was also reported in
case of Torilis leptophylla whole plant [31]. The order of
percentage yield of chloroform and hexane extracts
obtained by different extraction techniques was UAEM >
SEM > MM. The higher percentage yield in the extracts
obtained by UAEM in lesser time is due to the phe-
nomenon of acoustic cavitation generated by ultrasound
waves in the solvent, which disrupts the cell wall and helps
the solvent to penetrate deep into the plant cell. Owing to
this, there is an increase in the diffusion of solutes from the
plant cell to the solvent [32]. On the other hand, in case of
methanol extract the order was SEM > MM > UAEM
which may be attributed to the fact that in case of SEM the

exhaustive extraction of plant material was carried out.
Similar results, where the SEM attained the highest per-
centage yield in polar extracts as compared to other
extraction methods were reported in the case of aerial parts
of Potentilla atrosanguinea [30], leaves, fruit, pulp and
seed of Hippophae rhamnoides [33], the bark of Pinus
radiate [34].

Total polyphenolic content

The polyphenolic compounds act as efficient antioxidants
such as metal chelators and radical scavengers due to this
the antioxidant potential of various plant extracts is
assigned to the content of polyphenolic compounds in these
extracts [35]. The TPC in the studied extracts ranged from
2.25 to 94.02 mg GAE/g DPE (Table 1). The TPC of dif-
ferent solvents used was in the order of methanol > chlo-
roform > hexane. The higher TPC of methanol extract may
be attributed to the polar nature of most of the polyphenolic
compounds, which increases their solubility in methanol. A
similar trend of TPC was also found previously in the case
of whole plant of T. leptophylla [31] and the bark of Ter-
minalia arjuna [36]. Among the extraction methods, the
TPC of methanol and chloroform extract followed the
order SEM > MM > UAEM. But, the hexane extracts did
not show the presence of any polyphenolic compound,
which may be attributed to its non polar nature. Milic et al.
[37] also reported similar results for TPC in case of aerial
parts of Galium mollugo. Further, the lower polyphenolic
content in different extracts obtained by UAEM may be
due to some kind of oxidation and degradation of the some
SMs under ultrasonication conditions [32].

Table 1 Results of TPC, TFC and various antioxidant assays of different extracts obtained from roots of N. leucophylla

EM SU TPC TFC DPPH NOS FRAP TAC

SEM Meth 94.02 + 2.09° 207.45 + 3.37° 91.4 + 0.143° 51.6 + 0.05° 130.75 =+ 0.09° 33.93 + 0.48°
Chl 10.12 + 0.76° 28.35 + 2.27¢ 22.6 + 0.62¢ 472 + 1.83F 17.45 4+ 0.84° 13.98 + 0.54¢
Hex - 10.56 + 3.87 18.9 + 0.25¢ 2.6+ 1.15" 7.82 + 0.6% 491 + 0.71°

UAEM Meth 85.10 £ 2.9° 228.75 + 1.98° 87.9 + 0.39° 35.65 + 1.49° 113.33 + 0.66° 40.8 + 0.34°
Chl 225 + 0.42¢ 7.45 + 0.99° 17.7 £+ 0.69° 10.97 &+ 0.12¢ 11.21 + 0.56 8.69 + 1.28°
Hex - 573 + 1.31° 17.5 + 1.64° 5.82 & 0.08° 6.77 & 0.82 3.56 + 0.482

MM Meth 87.04 £ 1.22° 190.1 + 9.18° 89.5 + 0.27° 33.74 £ 0.19° 119.23 + 1.62° 37.85 £ 0.55°
Chl 2.56 + 0.42¢ 21.17 + 4.9° 123 + 0.87° 4.03 £ 0.14% 19.9 + 1.5¢ 9.04 + 0.63°
Hex - - 9.3 + 0.592 2.58 + 0.66%" 2.54 + 0.43" 2.81 + 0.18¢

Ascorbic acid - - 58.42 + 0.16 48.85 + 0.93 385.3 +2.76 -

Quercetin - - 89.52 + 0.89 75.48 4+ 0.33 - 488.95 + 7.95

The results of TPC were expressed as mg GAE/g DPE, TFC as mg RE/g DPE, DPPH as % Inhibition, NOS as % Inhibition, FRAP as mg Fe(Il)
E/g DPE and that of TAC as mg AAE/g DPE

The values having different superscript letters within a column were significantly different (p < 0.05)

EM extraction methods, SU solvent used, Meth methanol, Chl chloroform, Hex hexane, MM maceration method, UAEM ultrasonic assisted
extraction method and SEM soxhlet extraction method
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Total flavonoids content

The TFC of various extracts varied from 5.73 to 228.75 mg
RE/g DPE (Table 1). The TFC in different extracts fol-
lowed the order methanol > chloroform > hexane with
respect to solvents used. These results were in good cor-
relation with the findings of Shahriar et al. [36] where
methanol extract of T. arjuna bark had higher TFC fol-
lowed by chloroform and hexane extract, respectively. The
TFC of the methanol extract obtained by different extrac-
tion techniques was in the order of UAEM > SEM > MM.
A similar result, where TFC of methanol extract increases
with sonication was reported previously by Karabegovic
et al. [38] in cherry laurel leaves and fruit. Further, the
order of TFC of chloroform and hexane extract followed
the order SEM > MM > UAEM and SEM > UAEM >
MM.

Qualitative analysis of phytochemicals

The results of phytochemical analysis revealed the pres-
ence of carbohydrates, coumarins, diterpenoids, flavonoids,
glycosides, polyphenols, steroids and triterpenoids in the
different extracts. According to qualitative analysis of
phytochemicals, the phytochemical composition of differ-
ent extracts followed the order Methanol > chloro-
form > hexane with respect to the solvents used, which
revealed the superiority of methanol among the solvents
used in the extraction of secondary metabolites. On the
other hand, the different extraction techniques had no
significant effect on the composition of SMs in the dif-
ferent extracts. The present results were in good agreement
with the previous reports of the other research groups in
case of Nepeta cataria, Nepeta praetervisa and Nepeta
nepetella [13, 39, 40] (Table 2).

Antioxidant potential

The antioxidant potential of natural antioxidants has been
attributed to various mechanisms like binding to transition-
metal ion catalysts, decomposition of peroxides, radical
scavenging, reductive capacity, prevention of chain initia-
tion and continued hydrogen abstraction [41]. Due to this, a
single antioxidant assay does not give a correct profile of
antioxidant potential of plant extracts. Therefore, it is
always better to evaluate the antioxidant potential by a
number of different methods in order to draw a complete
antioxidant profile of the plant extracts. The results of
antioxidant potential of various antioxidant assays are
shown in Table 1.

DPPH free radical scavenging assay

The hydrogen donating power of the natural antioxidant
affects the stability of dark violet colored DPPH free rad-
ical solution. Larger the hydrogen donating power more
rapidly the violet color of DPPH solution gets discharged
[42]. The DPPH free radical scavenging potential of the
different extracts ranged between 9.3 and 91.4 %. The
order of percentage inhibition of DPPH with respect to the
solvents used was methanol > chloroform > hexane. This
order was in good agreement with the order of TPC and
TFC indicating that the polyphenolics were the principal
compounds responsible for the antioxidant potential of
tested extracts. Previously, Prasad et al. [43] and Shahriar
et al. [36] reported similar results with same order in dif-
ferent extracts obtained from leaves of Ipomoea aquatic
and bark of T. arjuna. The results of DPPH percentage
inhibition of methanol extract followed the order
SEM > MM > UAEM, whereas in case of chloroform and
hexane extract the order was SEM > UAEM > MM. The

Table 2 Results of qualitative

. . Phytochemical
phytochemical analysis of ytochemicals

Methanol extract

Chloroform extract Hexane extract

different extracts SEM UAEM MM SEM UAEM MM SEM UAEM MM
Carbohydrates + + + + + + - - —
Glycosides + + + + + + + + +
Flavonoids + + + — — — — — _
Triterpenoids + + + + + + + + +
Steroids + + + + + + + + +
Polyphenols + + + - — — — - —
Saponins + + + — - — — — _
Coumarins + + + — — — — _
Diterpenoids + + + + + + — — _

(+) and (—) indicates the presence and absence of corresponding SMs in the test extract

MM maceration method, UAEM ultrasonic assisted extraction method and SEM soxhlet extraction method
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ascorbic acid and quercetin used as standard and showed
the percentage inhibition of 58.42—-89.52 %. The results of
percentage inhibition of methanol extracts were compara-
ble to that of the standard used. The present results were in
good agreement with previous finding, where the extracts
isolated by conventional extraction methods (SEM and
MM) using polar solvents had high potential to scavenge
DPPH free radical in the solution [44, 45].

Nitric oxide scavenging assay

In this assay, sodium nitroprusside spontaneously produces
nitric oxide at physiological pH in the aqueous solution,
which reacts with oxygen and causes the production of nitrite
ions which can be measured using Greiss reagent. The nat-
ural antioxidants scavenge nitric oxide, compete with oxy-
gen, resulting in reduced generation of nitrite ions [46].
The results of NO radical percentage inhibition varied
from 2.58 to 51.6 %. However, with respect to the solvent
used, the NO percentage inhibition results followed the
order methanol > chloroform > hexane. This trend was
similar to that of DPPH percentage inhibition results,
which directly correlated to the polyphenolic contents of
these extracts. Shahriar et al. [36] found similar results in
various extracts obtained from the bark of 7. arjuna. With
respect to extraction techniques, the NO percentage
inhibition of methanol extracts followed the order
SEM > UAEM > MM, whereas for chloroform and hex-
ane extracts the order was UAEM > SEM > MM. The
ascorbic acid and quercetin were used as standard and
showed the percentage inhibition of 48.85-75.48 %, which
was comparable to the methanol extracts obtained by var-
ious extraction methods. The similar results were also
reported previously by Aly et al. [47] where the different
polar extracts obtained by SEM from aerial parts of N.
cataria had higher NO percentage inhibition potential as
compared to medium polar and non-polar extracts.

FRAP assay

In the FRAP assay the antioxidant potential of different
extracts was estimated based upon their power to reduce
2,4,6-tripyridyl-s-triazine—Fe(III) [TPTZ-Fe(II)] complex
to TPTZ-Fe(II) complex. The production of Fe(Il) can be
estimated from the formation of colored complex during
the reaction. The results of FRAP values of the different
extracts varied from 2.54 to 130.75 mg Fe(Il) E/g DPE.
The results of FRAP values for different extracts were
ranked as methanol > chloroform > hexane with respect
to the solvent used. Further, the order for methanol and
chloroform extracts with respect to different extraction
techniques was SEM > MM > UAEM, whereas the hex-
ane extracts followed the order SEM > UAEM > MM.
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The ascorbic acid was used as a positive control and
showed the FRAP value of 385.3 mg Fe(II) E/g of ascorbic
acid, which was much higher than the FRAP values of all
the tested extracts. The results of FRAP values were in
good correlation with total polyphenolic and total flavo-
noids content of different extracts.

Total antioxidant capacity

In this assay, Mo(VI) was reduced to Mo(V) with the
formation of a green phosphate/Mo(V) complex at acid pH,
which was read at 695 nm. The results of TAC of the
different extracts ranged between 2.81 and 40.8 mg AAE/g
DPE. The order of TAC results for various extracts was
methanol > chloroform > hexane based on the different
solvents used. Shahriar et al. [36] also reported alike result,
previously in case of different extracts obtained from the
bark of T. arjuna. The results revealed that the methanol
extract obtained by UAEM had the highest value of TAC
followed by MM and SEM, respectively. Whereas, the
order of TAC values for chloroform and hexane extract
was SEM > MM > UAEM and SEM > UAEM > MM.
The quercetin was used as a positive control and showed a
TAC value of 488.95 mg AAE/g of quercetin, which was
much higher that the different extracts examined in the
present study.

The present results revealed that the antioxidant poten-
tial, total polyphenolic and flavonoid content of different
extracts obtained by different extraction methods using
solvents of different polarity varied significantly. It was
also confirmed from the one way ANOVA (p < 0.05) of
the all results followed by Duncan’s multiple range test
(Table 1).

The highest antioxidant potential of methanol extracts
over chloroform and hexane extracts may be attributed to
the presence of high content of the polyphenolic and fla-
vonoids. Further, it was observed that the most of extracts
obtained by SEM had higher antioxidant potential as
compared to the corresponding extracts isolated with
UAEM and MM, which may be due to the higher TPC and
TFC in these extracts. Similar results were also observed
by Kalia et al. [30] in case of different extracts obtained by
SEM from aerial parts of Potentilla atrosanguinea.

The present results showed that the polyphenolic and
flavonoids were the key compounds present in the different
extracts, which directly relates to their antioxidant poten-
tial. These results were also supported by previously pub-
lished data, which revealed that the higher polyphenolic
content of different extracts was the main reason for their
higher antioxidant potential [48]. This activity of
polyphenolic compounds is supposed to be primarily due to
their ability to quench different free radical reactions and to
decompose peroxides present in the living systems [35].
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Fig. 2 RP-HPLC
chromatogram of methanol
extract obtained by a Soxhlet
extraction method, b Ultrasound
assisted extraction method,

¢ Maceration method. (a-1, b-1
and c-1 was the zoom of a,

b and ¢ chromatogram.).
Targeted compounds are labeled
with numbers: gallic acid (1),
catechin hydrate (2), caffeic
acid (3),vanillic acid (4),
myricetin (5)
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Table 3 RP-HPLC-DAD
analysis of polyphenolic content

(pg/g of DPE) of methanol
extracts obtained by different
extraction methods

Polyphenolic components SEM UAEM MM

Gallic acid 1.69 + 0.31° 1.72 £ 0.11° 3.0 £ 0.43°
Catechin hydrate 92.36 + 0.08° 93.59 + 1.77° 99.05 + 0.42°
Caffeic acid 248.37 + 0.35° 2483 £ 0.75° 242.37 + 0.64°
Vanillic acid 54.02 £ 0.33¢ 54.58 & 0.26¢ 5451 £ 0.11¢
Myricetin 614.2 + 4.04 521.5 + 4.9° 546.37 + 4.34%

The values having different superscript letters within a column were significantly different (p < 0.05)

MM maceration method, UAEM ultrasonic assisted extraction method and SEM soxhlet extraction method

Table 4 List of main constituents detected by GC-MS analysis in bioactive extracts obtained by Soxhlet extraction methods

Name of extract RT Name of compound (IUPAC) MF MW Peak area (%)
Hexane 46.175 Steroid - - 4.69
49.126 Steroid - - 11.04
53.423 Long chain hydrocarbon - - 4.43
57.333 Stigmasta-5,20(22)-dien-3-ol C,oHy30 412 14.81
59.457 Stigmast-5-en-3-ol, (3.beta) C,oH500 414 25.53
59.802 Long chain hydrocarbon - - 5.13
Chloroform 4.363 6-Azabicyclo[3.2.1]octane C,HsN 111 8.98
26.596 (4+)-Ascorbic acid 2,6-dihexadecanoate C;33HggOg 652 3.93
34.706 2-Phenanthrenol, 4b,5,6,7,8,8a,9,10-octahydro-4b, C,oH300 286 4.13
8,8-trimethyl-1-(1-methylethyl)-, (4bs-trans)-
35.970 Ul - - 13.18
39.426 Phthalic acid, di(6-methylhept-2-yl) ester Cy4H3604 390 6.07
53.411 Long chain hydrocarbon - - 3.68
57.312 Stigmasta-5,20(22)-dien-3-ol Cy9Hy30 412 7.50
59.398 Stigmast-5-en-3-ol, (3.beta) C,9H500 414 12.01
59.772 Long chain hydrocarbon - - 4.68
Methanol 26.575 (4)-Ascorbic acid 2,6-dihexadecanoate C33HggOg 652 4.88
30.728 Cis-9,cis-12-octadecadienoic acid C,3H3,0, 280 4.23
30.853 Cis,cis,cis-7,10,13-hexadecatrienal C6H>60 234 4.96
34.707 2-Phenanthrenol, 4b,5,6,7,8,8a,9,10-octahydro-4b, C,oH300 286 6.31
8,8-trimethyl-1-(1-methylethyl)-, (4bs-trans)-
35.962 Ul - - 17.46
39.413 Phthalic acid, di(6-methylhept-2-yl) ester C4H3604 390 9.00
57.296 Stigmasta-5,22-dien-3-ol, (3.beta,22e)- Cy9HygO 412 14.05
59.375 Stigmast-5-en-3-ol, (3.beta)- C,y9H500 414 9.45
59.404 Ul - - 13.49

RT retention time, MF molecular formula, MW molecular weight, Ul unidentified, Meth methanol, Chl chloroform, Hex hexane

RP-HPLC-DAD analysis of polyphenolic
composition

The polyphenolic composition of different bioactive
extracts (methanol extract) obtained from root of N. leu-
cophylla were analyzed using RP-HPLC-DAD (Fig. 2).
Out of the fourteen polyphenolic standards analyzed, five
were recognized in each methanol extract. The overall
concentration of identified polyphenolic compounds was
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higher in the case of methanol extract isolated using SEM
followed by MM and UAEM, respectively. Out of 14
analyzed standards, no polyphenolic compound was
observed in chloroform and hexane extracts isolated by
various extraction methods. The concentration of various
polyphenolics in the different methanol extracts follows the
order myricetin > caffeic acid >catechin hydrate > vanil-
lic acid > gallic acid (Table 3). Caffeic acid, p-coumaric
acid, gallic acid and ferulic acid were also identified
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previously in other species of genus Nepeta [7]. To the best
of our knowledge, this is the first study where the
polyphenolic profiles of N. leucophylla root extracts were
determined.

GC-MS analysis

GC-MS is the one of the most sensitive techniques used for
the detection of bioactive constituents of various plant
extracts. The GC-MS study of various plant extracts was
also carried out previously for the determination of dif-
ferent biological properties viz. antimicrobial, antiprolif-
erative, anticancer and chemopreventive properties, etc.
[29].

The GC-MS analysis of most bioactive hexane, chlo-
roform and methanol extracts (among different hexane,
chloroform and methanol extracts) obtained by the Soxhlet
method showed the presence of 23, 30 and 16 constituents,
respectively. The hexane extract resulted in major long
chain hydrocarbons and steroids classes of non polar
compounds. On the other hand, chloroform and methanol
extracts showed the presence of phenolic and benzoid
classes of compounds along with steroids, fatty acid and
long chain hydrocarbons classes of non polar compounds.
Table 4 shows the list of major constituents detected in the
analyzed extracts while Fig. 3 represents the GC-MS
chromatograms of hexane, chloroform and methanol
extracts. So, the antioxidant potential of these extracts
probably attributed to the presence of these phenolic,
benzoid, steroids and fatty acid classes of non polar
compounds.

The GC-MS analysis of methanol extract obtained from
leaf of Cinnamomum iners [29] ethanol and acetone
extracts of Aloe vera leaves [49] also corresponded to
major fatty acid and steroids classes of non-polar com-
pounds. These constituents showed a broad range of
applications in various pharmaceutical, nutraceutical and
food industries [29]. Thus, the various bioactive root

Table 5 Correlation among the different antioxidant assay

DPPH NOS FRAP TAC TPC TFC
DPPH 1.00
NOS 0.96 1.00
FRAP 0.99 0.97 1.00
TAC 0.98 0.91 0.97 1.00
TPC 1.00 0.97 1.00 0.98 1.00
TFC 0.99 0.95 0.99 0.98 0.99 1.00

DPPH 2,2-diphenyl-1-picrylhydrazyl radical scavenging, NOS nitric
oxide scavenging, FRAP ferric reducing antioxidant power, TAC total
antioxidant capacity, TPC total polyphenolic content, TFC total fla-
vonoids content

@ Springer

extracts of N. leucophylla can also be used as a potent
source for the isolation of these bioactive constituents.

Correlation

The correlations among the results of the DPPH scavenging
activity, NO scavenging activity, FRAP, TAC, TPC and
TFC for various extracts obtained by different extraction
methods from dried roots of N. leucophylla are given in
Table 5. There was good correlation between the results of
different antioxidant assays, total polyphenols and flavo-
noids content as shown by correlation coefficients (r). The
r-values were in the range of 0.91-1. The values of r for the
correlation of TPC results with DPPH, NOS, FRAP and
TAC were equal to 1, 0.97, 1, 0.98, respectively. On the
other hand, the values of r for the correlation of TFC results
with DPPH, NOS, FRAP and TAC were equal to 0.99,
0.95, 0.99, 0.98, respectively, which revealed that there
existed a direct relationship between various antioxidant
assays and polyphenolic and flavonoids content. Further,
the results of various antioxidant assays showed good
correlation among themselves also. These results con-
firmed that the antioxidant potential of different root
extracts of N leucophylla is due to the presence of various
kinds of polyphenolic compounds. These results are in
accordance to the previously published data, where the
highest antioxidant potential of different plant extracts is
attributed to their higher total polyphenolic content [50].

Conclusion

To the best of our knowledge, this is the first report in
which antioxidant potential, polyphenolic and phyto-
chemical composition of N. leucophylla roots were evalu-
ated. The highest polyphenolic composition and
antioxidant potential was reported in the methanol extracts.
Among the various extraction methods, the Soxhlet
extraction method provided the best results of percentage
yield, TPC, FRAP, percentage inhibition of DPPH and NO,
whereas UAEM gave best results in case of TFC and TAC.
The extract obtained by SEM and UAEM showed com-
parable antioxidant potential, but the time of extraction in
case UAEM was very less, which makes it cheap and
economical in contrast to the traditional extraction methods
used. The results of DPPH scavenging, NOS, FRAP and
TAC assay showed good correlation with that of TPC and
TFC. The GC-MS analysis of hexane, chloroform and
methanol extracts showed the presence of long chain
hydrocarbons, fatty acid, steroids and benzoid classes of
non-polar compounds, whereas the RP-HPLC-DAD anal-
ysis of methanol extracts revealed the presence of five
polyphenolic compounds out of which Myricetin, caffic
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acid and catachin were the major ones. The high antioxi-
dant potential and polyphenolic content of N. leucophylla
roots clearly highlight its potential as the potent source of
natural antioxidants that may promote good health, reduce
the risk of degenerative diseases and replace synthetic
antioxidants for their use in food and pharmaceutical
industries.
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