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ABSTRACT

Aim: The present report aimed to study the therapeutic and phytochemical properties of
stems and roots of trans-himalayan plant Codonopsis clematidea. Material and Methods:
The crude samples of stems and roots were explored for their chlorophyll, carotenoid and car-
bohydrate content in order to understand the matrix of these two plant parts. The extraction
of phytochemicals was carried out by three different methods viz. sonication, maceration and
soxhlet in methanol to identify the best extraction method. Further, analysis of Total Flavonoid
Content (TFC) and Total Polyphenolic Content (TPC) were carried out using rutin trinydrate and
gallic acid as a reference standard. Antioxidant capacity was estimated using three methods
viz. 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) radical scavenging assay and Ferric Reducing Antioxidant Power (FRAP) assay. In
addition to this, GC-MS analysis was also performed for the identification of volatile constitu-
ents of Methanol Extract of Stems (MES) and Methanol Extract of Roots (MER). Results: The
MES and Dimethylsulfoxide Extract of Stems (DES) were found to have higher Chlorophyll a
(Ch,) content in comparison to Chlorophyll b (Ch,) and Carotenoids (C_). Carbohydrate profile
showed that stems and roots have the highest content of fructose in comparison to other
sugar moieties. The soxhlet method showed the highest percentage extractive yield in the
stems as well as roots. Results revealed that the MES showed higher antioxidant potential
as compared to the MER. A correlation has also found to exist between the results of TPC,
TFC and antioxidant assays, since TPC and TFC are key constituents responsible for the an-
tioxidant potential. Conclusion: These results have been found to suggest the richness of
MES in natural phenols, flavonoids and antioxidants. Further, study should be conducted over
identification and characterization of compounds present in the extract.

Key words: Codonopsis clematidea, MES, MER, Fructose, Antioxidant, GC-MS.

INTRODUCTION

Since Vedic periods (500-1500 BC), the trans-Hima-
layan region has been found to have a prodigious eth-
nobotanical wealth specifically of medicinal plants.
This cold desert region of Ladakh is located in the
north most part of India (65,000 km? area or more).
The region is characterized by annual precipitation of
20-30 mm rainfall/snowfall with prolonged subzero
temperature and during winters, the temperature may
reach up to —30°C at different localities of this vast,
cold desert. The region is well known for its vast floral
wealth.'® Rhodiola, Podophyllum, Artemisia, Rheum
etc. are among the major medicinal plants which were
previously studied and reported to have biologically
relevant compounds that have valuable effects against
the diseases like hypertension, stress, inflammation
and tumor.*” The tremendous therapeutic potential
of the flora is substantially due to bioactive second-

ary metabolites found in these plants, which in turn
credit the plants with tolerance to harsh climatic
conditions in Ladakh.’ Campanulaceae fam-
ily includes around 600 species of 40 genera and
Codonopsis is one of the member in these genera.
Codonopsis genus has been found with 42 species of
perennial dicotyledonous herbaceous plants. Its
predominant distribution is from central and eastern
to southern Asia. Some species of this genus have
been found to be used in various customary medicinal
systems.*” The phytochemical studies of this genus
have shown presence of major phytocomponents
like alkaloids, phenylpropanoids, organic acid, trit-
erpenoids, polyacetylene and polysaccharides.®*

Codonopsis clematidea is one of the species of
Codonopsis, reported in Ladakh region which is
used in traditional medicinal systems of this region
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(Amchi medicinal systems). This plant has been found to produce a
pungent smell with  bell-shaped flowers. = Conventionally,
it was therapeutically practiced against pathological conditions like
stomach ache, leprosy, etc."" Majorly effective against diseases related to
heart, high blood pressure and also works as a tranquilizer.' Its base has
been found to be used in Codonopsis radix which is known as a substitute
for Panax Ginseng."”

The imbalance in the production of Reactive Oxygen Species (ROS) and
corresponding ROS mitigating antioxidants in human body cause
oxidative stress that instigates the deterioration of biomolecules via
oxidative damage, leading to the emergence of diseases such as diabetes,
heart diseases, cancer, premature aging, inflammation, genotoxicity,
arthritis and many more." Presence of one or more unpaired electrons is
concomitant within normal or pathological metabolism of cells. Leakage
of electrons from the electron transport chain in the process of cellular
metabolism is concomitant to the production of ROS. Hydrogen peroxide
(H,0,), Hydroxyl radical (HO’), Superoxide anion (O,”) and Singlet
oxygen ('O,) are the various ROS forms available in the environment."
The normal process for aerobic respiration triggers polymorphonuclear
cells (Leukocytes and macrophages) and peroxisomes which turn out to
be the main factory for most endogenous oxidants produced by cells.
Exogenous sources include ionizing radiations (e.g. UV-B), tobacco
smoke, organic solvents, certain pollutants and pesticides.'*'*!” Antioxidant
is a class of different compounds which can cut off the process of
oxidation, by reacting with these free radicals, chelating catalytic metals
and scavenging oxygen.'® Hence, antioxidants are of elite importance
in inhibiting various diseases and pathophysiological dysfunctions."
Some chemically synthesized antioxidants viz. tertbutylhydroquinone
(TBHQ), Butylated Hydroxyanisole (BHA), Butylated Hydroxytoluene
(BHT) and Propyl Gallate (PG) were reported to exert toxic effects.?
Therefore, there is a budding interest towards natural antioxidants from
plant resources due to lesser undesirable effects.'**!

In the present study, we have investigated the stems and roots of
Codonopsis clematidea for carbohydrate and chlorophyll content, yield
efficacy, phytochemical analysis, total polyphenolic content, total
flavonoid content, antioxidant activity and Gas Chromatography-Mass
Spectrometry (GC-MS) analysis. To the best of our knowledge, there are
no records demonstrating the above mentioned studies related to this
plant of Ladakh. Hence, the present work would support for a better
understanding of its chemical class of molecules which could be further
isolated and also studies for their pharmacological relevance.

MATERIALS AND METHODS
Flora collection

Plant samples of Codonopsis clematidea were collected from Leh-Ladakh
region in the month of June -July, 2015. Collection sites were Mulbek,
a village of Suru and Padum village in Zanskar valley of Leh. The
predominant vegetation of plant was near agriculture fields. Plant material
identification and verification was done by Dr. O.P. Chaurasia, an
ethnobotanist at Defence Institute of High-Altitude Research (DIHAR)
of Defence Research and Development Organization (DRDO), Leh. The
material was shade dried (15 days) and kibbled by an electric grinder and
stored in a polyethylene bag at 4°C. The moisture content of stems and
roots was found 75.302+0.297 and 84.035+2.140 %, respectively.

Chemicals

HPLC grade Dimethylsulfoxide (DMSO) and chloroform were purchased
from RFCL limited (Rankem, India). HPLC grade methanol, gallic
acid, sodium hydroxide and sodium nitrite were purchased from Merck
(India). DPPH, ABTS, 2, 4, 6-tripyridyl-s-triazine (TPTZ), Folin-Ciocalteu
(FC) reagent, Potassium Persulfate (PPS), aluminium chloride and different
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standards (Trolox, quercitin, inositol, arabitol, glucose, fructose and
sucrose) were purchased from the Sigma Aldrich Pvt. Ltd (Switzerland).
Rutin trihydrate and sodium carbonate were purchased from Himedia
(India). The water for various analyses was used from the water puri-
fication (Merck Millipore Academic, United States of America (USA))
instrument. All other analytical grade solvents were purchased from
Rankem, Loba Chemie and Qualigens Fisher Scientific.

Analysis for Chlorophyll a (Ch ), Chlorophyll b (Ch,) and
Carotenoid (C_) content

ca
The chlorophylls and carotenoids were estimated in fresh stems of

Codonopsis clematidea as demonstrated by Sumanta et al. (2014) and
Porra et al. (1989) with few modifications.”**® Fresh plant stems of
0.2 grams (g) were homogenized in homogenizer (IKA T 18 digital
ULTRA-TURRAX, Germany) using 10 mL each of DMSO and metha-
nol. The homogenized blend was centrifuged at 10,000 rpm for 15 min
at 4°C (Heraeus multifuge X3R centrifuge, Thermo scientific). Further,
0.5 mL of supernatant was diluted with 4.5 mL of their respective sol-
vent. The absorbance was measured at different wavelengths for Ch , Ch,
and C_ by spectrophotometer (Thermo scientific Genesys 10S UV-Vis
spectrophotometer, USA) and quantified by the equations mentioned in
Table 1.

The moisture content (%) was estimated using an oven drying method.*
The sample was dried and reduction in weight was expressed in percentage
moisture content. The moisture content (%) was taken into account by
the following equation:

X100

FW-DW
Moisture content (%) = W

where, FW: fresh weight of the sample; DW: dry weight of the sample.

Analysis for carbohydrate content

Estimation of various carbohydrates in samples was carried by using ion
exchange chromatography. For this, dried samples (2.5 g) of stems
and roots were homogenized with a homogenizer at high speed using
deionized water for one min respectively, followed by sonication in an
ultrasonic bath (Ultrasonic cleaner YJ5120-1, India) at 40°C for 30 min.
The supernatant was diluted in distilled water and filtered by using a
syringe filter (0.22 pm). An injection volume of 20 pL was used in column
(4.1 mm x 250 mm RCX-307pm- 250/4.1mm; Hamilton, USA) with
a flow rate of 1.0 mL/min (930Compact IC flex Metrom; Switzerland)
and mobile phase, consisting of 0.1M NaOH. Detection was performed
by refractive index detector and results were expressed in mg/g of dry
sample.

Table 1: Equations to determine concentrations (ug/mL) of Ch , Ch, and
C_, by different extraction solvents using spectrophotometer.

Solvents Equations/Formula
Ch=1247A_ - 3.62A
DMSO Ch,=25.06A,,,, - 6.5A,
C_=(1000A,,, - 1.29C -53.78C,)/220
Ch=16.72A,,- 9.16A,,
Methanol Ch,=34.09A , - 1528A .,

C_=(1000A,, - 1.63C, - 104.96C,)/221

A = Absorbance, Ch_ = Chlorophyll a, Ch, = Chlorophyll b, C_ = Carotenoids.
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Extraction and yield efficiency

Isolation of key compounds from plants largely depends on different
factors viz. extraction method, time, temperature, solvent, moisture
content and particle size. Hence, to have a better yield a suitable extraction
techniques is needed.” Therefore, three extraction techniques viz. soni-
cation, maceration and soxhlet were used to study the yield difference.

Sonication

Sonication extraction was carried out in Ultrasonicator at 40°C for 30 min
(Ultrasonic cleaner YJ5120-1, India). Fifty grams of powdered sample
(Stems and roots) was extracted three times by each time adding 1000
mL of solvent.

Maceration

Fifty grams pulverized sample was extracted three times by using 1000 mL
(Each time) of solvent (Methanol) for 24 h. The extraction was performed
at room temperature (RT; 25°C) in dark conditions.

Soxhlet

The pulverized samples (50g) were extracted with 1000 mL of methanol
for 3 x 12 h. The extraction was done at the boiling point of the respective
solvent.

All these extracts were further filtered by Whatman filter paper grade 1.
Filtered extract was concentrated by using rotavapor (Buchi R-215,
Switzerland) at a temperature of 50°C and lyophilized (Labconco FreeZone
4.5plus, USA) at -80°C and 0.050 mbar pressures and stored in 4°C till
further analysis.

The yield efficiency of the dried extract was calculated by using following
equation:

) Amount of extract
Yield (%)= ———— """ %100
Amount of sample

The extract with maximum yield was further studied for various parameters.

Preliminary phytochemical tests

The different phytochemical tests were performed as described by various
standard books and research papers to identify the existence of different
classes of compounds viz. alkaloids, glycosides, proteins, phenols,
carbohydrates, diterpenoids, triterpenoids and flavonoids using standard
qualitative tests.® The results were represented as + or — which indicate
the presence or absence of classes of compounds in the extracts.

Total polyphenolic content

The assessment of the polyphenolic content of extracts was determined
by FC reagent method with some modifications.”” Fifty micro liters of
different concentrations of standard solution (Gallic acid; 5.000-160.000
pg/mL) and extracts were mixed with 450 pL of deionized water respec-
tively, followed by addition of FC reagent (50 uL) and incubated at RT for
5 min. Further, 100 pL of sodium carbonate solution (20 %) was added to
each reaction mixture and incubated in dark conditions for 60 min at RT.
After incubation, absorbance of the samples and standard was measured
spectrophotometrically (Molecular devices UV-Visible SpectraMax i3x
Spectrophotometer, USA) at 750 nm. Results were expressed in mg of
Gallic Acid Equivalent (GAE)/ g of Dry Powder Extract (DPE). The total
phenolic content of samples was calculated by the following formula
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where: C = total phenolic content in mg GAE/g dry powdered extract,
¢ = concentration of reference standard in mg/mL obtained from calibra-
tion curve, v = volume of extract in mL, m = mass of extract in gram.*

Total flavonoids content

The flavonoid content was evaluated by aluminium chloride method with
slight modifications.?® One hundred fifty micro liters of different concen-
trations of standard solution (Rutin trihydrate; 3.906-2000.000 uM) and
two extracts were mixed with 600 uL of deionized water respectively, fol-
lowed by addition of 45 pL of sodium nitrite solution (0.724 M) and incu-
bated for 5 min at RT. Successively, 45 pL of aluminium chloride(0.749
M) was added to each reaction mixture and incubated for 6 min .Fur-
ther, 300 pL of sodium hydroxide (1 M) was added to each reaction
mixture. Total reaction volume was made to 1500 pL by addition of 360 pL
deionized water. Finally, the absorbance was noted at 510 nm using
spectrophotometer. The results were expressed in uM of rutin trihydrate
equivalent (RE)/ g of DPE.

Antioxidant activity

DPPH assay

The DPPH radical scavenging activity of extracts was determined by the
procedure mentioned by Bhardwaj et al. (2016) with some modifications.”
0.004% of DPPH (in methanol) and extracts (MES: 0.062 — 4.000 mg/mL;
MER: 0.400 - 120.000 mg/mL) / standard (0.590-302.236 ug/mL) were
mixed in the ratio of 1:15 using vortex and kept for 30 min in the dark at
RT. After incubation, absorbance was measured by spectrophotometer at
517 nm. Quercetin (QR) was used as a reference standard. The ability to
scavenge radicals was estimated by the following equation:

control sample

Radical scavenging activity (%) = %100

control

where, A : absorbance of DPPH radical in methanol; A : absor-

control” sample”

bance of DPPH radical with extracts/standard.

Further, IC,, (Half-maximal inhibitory concentration), EC,, (Amount
of antioxidant required to decrease the initial DPPH concentration by
50%), ARP (Antiradical power) and Quercetin equivalent antioxidant
capacity (QEAC) of scavengers were determined.” The IC, | value was
calculated by plotting the logarithm of sample concentration versus
scavenging capacity. The EC, was calculated by using equation

EC,,=IC,/ (DPPH) in mg/mL
The ARP was also determined as following equation

ARP = (1/EC,) x100

The results were also expressed as QEAC using the following equation

QEAC = (IC /1C ) x 10°

50(QR) 50(sample)

ABTS assay

ABTS radical scavenging activity was performed as explained by Dhar
et al. (2013) with few modifications.?” ABTS stock solution was prepared
using equal volume (1 mL each) of 7 mM ABTS solution and 2 mM
PPS solution followed by incubation for 12 h at RT. Working solution
was prepared by mixing ImL of the incubated stock solution with 22 mL
of water resulting into an absorbance of 0.702 + 0.002 at 734 nm using
spectrophotometer. Four hundred micro liters of different concentra-
tion of standard (QR; 0.018 - 37.780 pg/mL) and extracts (MES: 1.953
- 1000.000 pg/mL; MER: 31.250-4000.000 ug/mL) were allowed to react
with 400 pL of the ABTS* solution respectively. After 7 min of incubation,
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absorbance was measured spectrophotometrically at 734 nm. The scav-
enging percentage, IC_, EC, , ARP and QEAC were calculated as men-
tioned previously in the DPPH assay.

FRAP assay

The assay was carried out for different extracts as demonstrated by Lim
et al. (2013) with slight modifications.”® Three hundred millimolar of
acetate buffer (pH 3.6), 20 mM TPTZ solution (40 mM HCI) and 20 mM
FeCl, (Water) were mixed together in the ratio of 10:1:1 to make FRAP
solution and tested against extracts (MES: 1.000 mg/mL; MER: 10.000
mg/mL) by allowing it to react with the FRAP solution in the ratio of
1:30 for 30 min in dark at 37°C. The blue colored product (Ferrous
tripyridyltriazine complex) was formed and absorbance was taken at 593 nm
spectrophotometrically. Trolox (0.009-1.200mM) was used as a refer-
ence standard and results were expressed uM of trolox equivalent (TE)/ g
of DPE.

GC-MS analysis

The GC-MS analysis of the methanol extracts was performed to determine
the components present in the extracts by using method mentioned by
Sharma et al. (2016) with modification.* One micro liter of the sample
(5mg/mL) was injected in GC (Gas chromatography systems GC-2010
Plus, Shimadzu) coupled with mass spectrometer (GC-MS-QP 2010 Ultra).
The program of oven temperature starts with the initial temperature at
80°C with a hold time of 1 min and increased at the rate of 4°C/min up
to 236°C, followed by hold for 5 min and final increase to 300°C at the
rate of 5°C/min. The flow rate of carrier gas (Helium) was 1 mL/min
with a split ratio of 1: 5. The temperatures of injection port, ion source
and interface were 280, 290 and 200°C respectively. The samples were
scanned between the mass range of 40 m/z to 800 m/z with Electron
ionization (EI) mode. The identification of various components was
carried out mainly by a comparison of their retention time and mass
spectral data with that of retention time and mass spectral database of
Wiley and NIST library. The compounds quantified on the basis of area
under peak and results were expressed in percentage area.

Statistical analysis

All the experimental results were presented as the mean + Standard
Deviation (SD) and all experiments were performed in triplicate. One-way
ANOVA (Analysis of variance) with Duncan’s multiple range tests and
independent t-test was used in SPSS 17.0 (Statistical Program for Social
Sciences, SPSS Corporation, Chicago, IL) to determine the significance
of results. The IC_ values were measured accurately by non linear regression
analysis using log concentration range of these extracts in GraphPad
Prism5. The probability (p) value < 0.05 was considered significant for
ANOVA and the marked correlations among the different assays. The
results were processed with the help of computer programmes viz. MS
Excel and GraphPad Prism 5.

RESULTS
Analysis of chlorophylls and carotenoids content

In the present study, chlorophylls and carotenoids content of methanol
and DMSO extract of stems and roots were determined as illustrated in
Table 2. Ch_and Ch, concentration in MES was found to be 0.584+0.010
and 0.244+0.053 pg/mL, respectively whereas in DES, 0.763+0.038 and
0.211+0.032 pg/mL of Ch, and Ch, content was observed. The content of
carotenoids was 0.273+0.028 and 0.287+0.023 pg/mL in DES and MES,
respectively.
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Table 2: Chlorophyll and carotenoids content in stems and roots of
Codonopsis clematidea.

Chlorophyll and carotenoid content

Stems Roots
Pigments DES MES DER MER
Ch, 0.763+0.038° 0.584+0.010° NQ NQ
Ch, 0.211+0.032° 0.244+0.053° NQ NQ
C. 0.273+0.028° 0.287+0.023° NQ NQ
Ch,,, 0.974+0.068  0.8284+0.063  NQ NQ
Ch,/Ch, 3.653+0.423 2.465+0.525 NQ NQ
Ch_/C, 3.600£0.436  2.898+0.332  NQ NQ

NQ= Not quantified, Values are means + SD of three determinations. The values
having different superscript (Small alphabet) letters within a column were signifi-
cantly different (p<0.05).

Table 3: Sugar profile (mg/g) of stems and roots of Codonopsis clematidea.

Carbohydrate Stems Roots
Inositol 1.103+0.043* 1.322+0.118*
Arabitol 0.394+0.004* NQ
Glucose 12.881+1.620° 2.680+0.072*
Fructose 13.595+0.435° 51.127+1.453¢
Sucrose NQ 38.915+3.290°

NQ= Not quantified, Values are means + SD of three determinations. The values
having different superscript (Small alphabet) letters within a column were signifi-
cantly different (p<0.05).

Analysis of carbohydrates content

The carbohydrates (inositol, arabitol, glucose, sucrose and fructose)
were estimated with the help of ion exchange chromatography. The
content of different carbohydrates evaluated in stems and roots ranged
from 0.394+0.004 to 51.127+1.453 mg/g. In stems, the concentration
of different identified sugars was observed as 1.103+0.043 mg/g (Inositol),
0.394+0.004 mg/g (Arabitol), 12.881+1.620 mg/g (Glucose) and
13.595+0.435 mg/g (Fructose), respectively. Whereas, in case of roots,
fructose was found to have highest concentration i.e. 51.127+1.453 mg/g
followed by sucrose (38.915+3.290 mg/g), glucose (2.680+0.072 mg/g)
and inositol (1.322+0.118 mg/g), respectively (Table 3).

Extract yield (%)

In the present study, the yield percentage of MES and MER was deter-
mined by applying three different extraction techniques viz. soxhlet,
sonication and maceration extraction. The efficacy of extraction for
different extracts was found to vary from 9.150+0.837 to 34.139+1.809 %.
In MER highest yield percentage was achieved by using soxhlet method
(34.139+1.809 %) followed by maceration (30.997+0.875 %) and sonication
(28.562+1.297 %), respectively. However, in MES yield percentage of
18.732+0.834 %, 11.846+0.372 % and 9.150+0.837 % in soxhlet, maceration
and sonication were achieved, respectively (Table 4). On the basis of
yield (%), soxhlet was identified as the best technique for extraction
which selected for further analysis.

Phytochemical screening tests

The phytochemical screening tests were performed to identify the
presence and absence of diverse categories of compounds present in
MES and MER. Here, both MES and MER have indicated the presence
of sugar, protein, glycosides, triterpenoids and steroids except alkaloids
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Table 4:Yield (%) of MES and MER of Codonopsis clematidea.

Yield (%) MES MER
Maceration 11.846+0.372° 30.997+0.875¢
Sonication 9.150+0.837¢ 28.562+1.297¢

Soxhlet 18.732+0.834 34.139+1.809°

NQ= Not quantified, Values are means + SD of three determinations. The values
having different superscript (Special character) letters within a column were
significantly different (p<0.05).

Table 5: Phytochemical test results of MES and MER of Codonopsis
clematidea.

Qualitative tests MES MER
Carbohydrates + +
Protein + +
Glycoside + +
Alkaloids + -
Flavonoid +
Triterpenoid + +
Steroids + +

+ = Present, - = Absent.

and flavonoids which were found absent in roots and results are given
Table 5.

Total polyphenol and Total flavonoid content

The polyphenol content of MES and MER was determined and listed
in Table 6. MES had found to contain higher polyphenolic concentration
(58.821+3.780 mg of GAE/g of DPE) in comparison to MER, where
7.258+0.228 mg of GAE/g of DPE of polyphenolic content has been
estimated. A similar trend was also found in case of flavonoid content,
where 157.444+6.882 uM of RE/g of DPE of flavonoid was observed in
MES whereas; 14.606+0.267 uM of RE/g of DPE was obtained in MER.

Antioxidant activity
DPPH assay

Free radical scavenging capacity of the MES and MER of Codonopsis
clematidea was evaluated with their ability to scavenge radicals produced
by DPPH. The DPPH radical scavenging capacity of MES and MER was
48.516+1.790 and 8.121+2.900 % at 1000 ug/mL respectively. A similar
pattern was found for IC,, EC,, and ARP value. The IC,, EC, and ARP
value of MES were found to be 1.007 mg/mL, 25.175 mg/mg_ . and 3.972
whereas for MER 29.475 mg/mL, 736.875 mg/mg_ ., and 0.136, respec-
tively. QR was used as reference standard which showed 96.080+0.264
% inhibition at 302.236 ug/mL, which is significantly higher than stems
and roots. The QEAC value for stems and roots was found to be 3177.756
and 108.567.

ABTS assay

The ABTS radical scavenging capacity (%) of MES and MER of Codonopsis
clematidea were analyzed with QR as a positive control. The scavenging
capacity of extracts has shown similar trend as shown in DPPH assay. The
percentage inhibition of MES and MER was observed as 85.272+5.446
and 7.488+0.988 % respectively at a concentration of 62.50 pg/mL (Table 8).
The extracts and reference standard inhibited the radicals of ABTS in a
dose dependent manner. The concentration of samples at which it show
50% scavenging (IC, ) of ABTS radical was found to be 0.029 and 0.814
mg/mL, respectively. The EC, and ARP values for MES were observed as
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Table 6: TPC, TFC and FRAP values of MES and MER of Codonopsis
clematidea.

MES MER
TPC(mg of GAE /g of DPE) 58.821+3.780** 7.258+0.228
TFC(uM of RE/g of DPE) 157.444+6.882*** 14.606+0.267
FRAP (mM of TE/g of DPE) 0.485+0.076** 0.040+0.007

Values are means * SD of three determinations. Independent T-test analysis for
TPC, TFC and FRAP values and significant at *** p<0.001 and ** p<0.01 with row.

0.372 mg/mg, . and 269.151 whereas; for MER 10.436 mg/mg, . . and
9.582, respectively. The QEAC value has also followed the same pattern
and found to as 2001.380 and 71.253 respectively.

FRAP assay

The ability of the plant extracts to reduce the TPTZ-Fe (III) complex was
determined using the FRAP assay. An antioxidant rich extract capable
of donating a single electron to the ferric-TPTZ (Fe (III)-TPTZ) complex
would lead to the reduction of this complex into the blue colored
complex (Ferrous-TPTZ (Fe (II)-TPTZ)). This complex shows strong
absorbance at 593 nm. The MES and MER have shown 0.485+0.076
and 0.040+0.007 mM of TE/g of DPE, respectively. The FRAP values for
MER was found significantly lower than that of MES and their potential
to reduce the TPTZ-Fe (IIT) complex has been listed in Table 6.

Correlation

The correlation coefficients (r) between ABTS, DPPH, FRAP, TPC and
TFC has been summarized in Table 9. DPPH, ABTS and FRAP showed
a significant positive correlation of 0.988, 0.991 and 0.961 with TPC. In
case of TFC, positive correlation values was observed similar to TPC,
with other assays i.e. 0.993 (DPPH), 0.991 (ABTS) and 0.984 (FRAP) was
the value of correlation. A good correlation was also observed between
TPC and TFC (0.994). Analysis of correlation concludes that the antioxi-
dant and free radical scavenging activity may be the result of phenol and
flavonoid molecules present in MES and MER of Codonopsis clematidea.

GC-MS

In the present investigation, GC-MS was used to examine various volatile
constituents present in MES and MER of Codonopsis clematidea. MES
and MER obtained using the soxhlet extraction showed the presence of
41 and 34 compounds respectively however; only 28 for MES and 20 for
MER were identified having S.I. index >80%. Majority of compounds
which were found in these two extracts were of fatty acids and terpenoids
origin whereas, quinic acid derivative, cycloartanol derivative, tocopherol
derivative, phenols, alkane, hydroxypyrimidine, alcohol, alkaloid, cyclic
diketone, aldehyde, alkyl halide, stigmastane and long chain hydrocar-
bons classes of secondary metabolites were also identified (Table 10). The
structures of identified compounds have been given in Figure 2 and 3.

DISCUSSION

Leh-Ladakh is a region of India where temperature reaches to -30°C in
winters. Beside such harsh environmental conditions, approximately
1100 species of medicinal plants have been reported in this region.'
Therefore, Ladakh Himalayas which seems barren and devoid of
vegetation is very rich in medicinally important herbs. Chlorophylls
(Ch, and Ch, ) are major pigments of Photosystem 1 (PS1) and Photosystem 2
(PS2) for harnessing light energy and converting it into chemical energy.
Ch, is an accessory pigment that transfers absorbed light to reaction
centre of Ch,, resulting to enhancement of photosynthesis efficacy.’**>*
In present study, it has been found that DES and MES have higher
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content of Ch,_in comparison to Ch, and their ratio is also high (Table 2).
This clearly suggests that, higher exposure of light has increased the Ch,
suggesting the major role in photosynthesis at high altitude whereas, Ch,
was found low as it shows a major role of increasing the absorbance of
light at shade or low light conditions.** Various literatures also suggest
the existence of considerable differences in the content of PS1 and PS2
because of the change in environment light condition which also
visible in chloroplast’s grana and stroma lamellae regions of plant
cells.** Carotenoids are another class of accessory pigments which play
an important role in protection of chlorophyll from photodamage and
also have antioxidant properties.**® In this study, MES and DES have
shown low content of C_ in comparison to Ch_however, C_ content has been
found significantly similar to Ch,. Further, ratio between chlorophylls
(Ch, ) and C_ has been found higher in the case of DES in comparison
to MES.

Carbohydrates, being a major energy source have also been found to play
akey role in biotic stress.* Thus, there is a greater demand to understand
the carbohydrate profile of plants. In present study roots were found
to contain higher content of fructose and sucrose whereas; stems were
found to be rich in glucose and fructose. It is apparent from these results
that overall sugar content of roots was higher in comparison to stems
and therefore, roots can be a potential source of carbohydrates.

Extraction is an important step involved in isolation and identification
of bioactive ingredients from plants. Currently, conventional extraction
techniques such as maceration and soxhlet have been used along with
several new approaches viz. ultrasonic extraction, microwave-assisted
extraction and accelerated solvent extraction, to increase the focal ratio
of bioactive components in extract.”’ Several published studies have
been found to indicate a variation in bioactive component’s cluster with
respect to different extraction techniques. Thus, there is a need to emphasize
on the model of extraction technique.*’ Table 4 illustrates the yield
percentage of MES and MER with three different extraction techniques
viz. soxhlet, sonication and maceration. In the current study maximum
yield (%) was obtained in soxhlet technique in both MES and MER.
Further, higher yield (%) was found in case of MER as in comparison to
MES. Soxhlet extraction produced the maximum yield as it reduces the
viscosity and surface tension of the solvents at high temperature leading
to higher perforation of solvent and increases the extraction efficacy of
solvents.” Though the yield percentage of sonication is lower to maceration
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the efficacy of sonication is more than maceration technique which can
be the effect of acoustic cavitation phenomenon of sonication waves due to
which the cell wall disrupts and allows the solvent to penetrate deeply.**

Phenols are found to be the most widely spread secondary metabolites in
the plant kingdom with great recognition as potential natural antioxidants
since they were found to have the ability to act as an efficient radical
scavenger, metal chelator, reducing agent, singlet oxygen quencher, a
hydrogen donor and in other activities of the plant which are associated
with the redox properties of these components. The present results of our
study are in good agreement with previous studies which have shown
a positive correlation between TPC, TFC and antioxidant capacities of
plant extracts.”**¢ Similarly, flavonoids are also well known for their anti-
oxidant properties due to availability of OH groups in them.***** In this
study, MES is found to possess high TPC and TFC leading to higher anti-
oxidant activity in comparison to MER (Table 6). Thus, there is a need
to study and identify the polyphenol and flavonoid components present
in the extract. In addition to this, phytochemical tests also correlate with
the TPC and TFC results demonstrating the presence of carbohydrate,
protein, glycosides, triterpenoids and steroids in MES and MER except
flavonoids and alkaloids which were found to be absent in MER (Table 5).

Many medicinal floras are well recognized for their robust action as
antioxidants and their ability to scavenge free radicals. This power of
medicinal plants and their extracts to scavenge free radicals depend
on the kind of ROS. The DPPH assay is a simple and accurate method
to evaluate the antioxidant capacity of plant extracts where the stable
free radicals of DPPH are used to determine the antioxidant capacity
in addition to ABTS and FRAP.*#** The analysis of MES and MER of
Codonopsis clematidea for their antioxidant and free radical scavenging
activity are listed in Table 6, 7 and 8 and found in a good correlation
with TPC and TFC values. MES, which has a higher TPC and TFC values
show higher DPPH, ABTS and FRAP activity. The results of ABTS
had revealed the same phenomenon as reported in the DPPH assay.
The IC, values were measured accurately by using log conc. range of
these extracts (Figure 1). Similarly, the ferric reducing ability in studied
extracts has followed a homologues trend to DPPH, ABTS, TPC and
TFC where MES have a better response than MER. This substantial
divergence between the activities of both samples clearly signifies better
performance of MES as antioxidant in comparison to MER, thus can be
supplemented as an antioxidant source.

ABTS

& Stem
® Root
100- Quercetin
50-
D'- el T T 1
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Figure 1: Graph showing DPPH and ABTS activity of MES, MER and Quercitin.

Pharmacognosy Journal, Vol 11, Issue 3, May-June, 2019

541



Bhardwaj et al.: Phytochemistry of Codonopsis clematidea’s Stems and Roots Methanol Extract

Table 7: Analysis of % inhibition in DPPH, ICso(mg,mL), ECso(mglngPPm’ARP,
QEAC values of MES and MER of Codonopsis clematidea.
Sample % Inhibition at ICso(mg/mu ECso(mg/ngPPH) ARP QEAC
1000ug
DPPH
MES 48.516+1.790° 1.007 25.175 3972  3177.756
MER 8.121+2.900* 29.475 736.875 0.136 108.567

QR 96.080+0.264

&=% inhibition at 302.236 pg/mL. The values having different superscript (Small
alphabet) letters within a column were significantly different (p<0.05).

Table 8: Analysis of % inhibition in ABTS, IC EC ARP,
50(mg/mL)’  50(mg/mgABTS)’
QEAC values of MES and MER of Codonopsis clematidea.
Sample % Inhibition at IC, omgimts ECsomgimeners  ARP QEAC
62.500pg
ABTS
MES 85.272+5.446° 0.029 0.372 269.151 2001.380
MER 7.488+0.988* 0.814 10.436 9.582 71.253
QR 99.419+0.295

#= % inhibition at 18.890 pg/mL. The values having different superscript (Small
alphabet) letters within a column were significantly different (p<0.05).

Table 9: Correlation between TPC, TFC, DPPH, ABTS and FRAP values of
MES and MER of Codonopsis clematidea.

TPC  TFC DPPH  ABTS FRAP

TPC 1 0.994" 0.988" 0.991" 0.961"

TFC 1 0993  0.991" 0.984"

DPPH 1 0.995™ 0.983

ABTS 1 0.980"
FRAP 1

**. Correlation is significant at the 0.01 level (2-tailed).

The present work also covers the identification of volatile compounds
in MES and MER (Table 10; Figure 2). Gas chromatography with mass
spectrometry has become the best technique for the analysis of volatile
compounds of plant origin.”’ Among the various identified compounds
in MES, fatty acid and their derivatives cover 27.76% of the cluster,
where in saturated fatty acid (SFA; 15.6%, fatty acid methyl ester (1.07%),
unsaturated fatty acid (4.10%) and fatty aldehyde (6.99%) are present,
followed by terpenoids (18.47%) which includes acyclic diterpenoids
(1.51%), triterpenoids (15.67%), sesquiterpenoids (0.51%) and triterpene
diketone (0.78%) in its cluster. Other major classes viz. quinic acid deriv-
ative (8.42%), cycloartanol derivative (5.01%), tocopherol derivative
(0.68%), phenols (6.78%), alkane (0.26%), stigmastane (3.24) and long
chain hydrocarbons classes (8.08%) of secondary metabolites are also
found in MES, while the MER was rich in fatty acids and their derivatives
with SFA (21.05%), fatty acid methyl ester (2.51%) and polyunsatu-
rated fatty acid (PUFA; 7.57%). Other identified classes were triterpe-
noid (6.07%), hydroxypyrimidine (3.09%), alcohol (0.76%), alkaloid
(1.52%), cyclic diketone (5.28%), aldehyde (4.89%), sugar (8.66%),
alkyl halide (0.44%), tocopherol derivative (0.78%) and phenol(4.4%)
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Figure 2: Structure of compounds identified in GC-MS analysis of MES and
MER:- 1. 2-Methoxy-4-vinylphenol 2. 1, 3, 4, 5-Tetrahydroxycyclohexanecar-
boxylic acid 3. Phenol,2,6-dimethoxy-4-(2-propenyl)- 4. Tetradecanoic acid
5. Neophytadiene 6. 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 7. n-Hexadec-
anoic acid 8. 9,12-Octadecadienoic acid, methyl ester 9. 9,12,15-Octadeca-
trienoic acid, methyl ester 10. 2-hexadecen-1-ol, 3,7,11,15-Tetramethyl-,[R-
[R*.R*-(E)]] 11. 9,12-Octadecadienoic acid (Z, Z)- 12. 7-Tetradecenal, (2)- 13.
Octadecanoic acid 14. (Z)-3-(pentadec-8-en-1-yl) phenol 15. 2-Methylocta-
cosane 16. Squalene 17. Vitamin E 18. Chondrillasterol 19. Lupeol 20. beta.
-Amyrone 21. Stigmast-7-en-3-ol, (3.beta.5.alpha.24S) 22. 9,19-Cyclo-
lanost-24-en-3-ol, (3.beta.)- 23. 24-Norursa-3,12-diene 24. 9,19-Cyclola-
nost-25-en-3-ol,24-methyl-, (3.beta.24S)- 25. 3,12-Oleandione 26. (14.
beta.)12,13-Epoxyolean-3-ol 27. 4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,
5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-octadecahydro-2H-picen-
3-one 28. Farnesyl bromide 29. Thymine 30. 3-Buten-2-ol 31. 2-Propan-
amine, n-methyl-n-nitroso 32. 1, 5-Anhydro-6-deoxyhexo-2, 3-diulose
33. 5-Hydroxymethylfurfural 34. 3-Deoxy-D-mannoic lactone 35. Hexadeca-
noic acid, methyl ester 36. 9-Octadecenoic acid (Z)-, methyl ester 37. Linoe-
laidic acid 38. cis-Vaccenic acid 39. Friedelan-3-one.

AR T TS 1.

b.

,~k j‘LILV,JJKM f L3

Figure 3: GC-MS Chromatogram: a) MES; b) MER of Codonopsis
clematidea.
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Table 10: Compound identified in MES and MER of Codonopsis clematidea using GC-MS.

Compounds identified in MES of Codonopsis clematidea

S.No. Name Formula M.W. R.T. % Area CAS No. S.I. Compound Nature
1. 2-Methoxy-4-vinylphenol CH, 0, 150 10.50 1.90 7786-61-0 96 Phenol
2. 1,3,4,5-Tetrahydroxycyclohexanecarboxylic acid CH, 0, 192 17.00 8.42 77-95-2 93  Quinic acid derivative
3. Phenol,2,6-dimethoxy-4-(2-propenyl)- C,H,0, 194 18.23 0.37 6627-88-9 80 Phenol
4. Teimdcemaie ackl C,H,0, 228 19.32 0.51 544-63-8 90 Saturated fatty acid
5. Neophytadiene C,H,, 278 20.67 0.51 504-96-1 95 Sesquiterpenoids
6. 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C,H, O 296 21.08 0.36 102608-53-7 90 Acyclic diterpenoids
7. n-Hexadecanoic acid CH,,0, 256 22.80 12.58 57-10-3 97 Saturated fatty acid
8. 9,12-Octadecadienoic acid, methyl ester C,H,,0, 294 24.83 0.45 2462-85-3 93  Fatty acid methyl ester
9. 9,12,15-Octadecatrienoic acid, methyl ester C,H,,0, 292 24.92 0.62 7361-80-0 87  Fatty acid methyl ester
10. 2-Hexadecen-1-ol, 3,7,11,15-Tetramethyl-,[R-[R*.R*-(E)]] C,H, O 296 25.10 1.15 150-86-7 96 Acyclic diterpenoids
11. 9,12-Octadecadienoic acid (Z,Z)- C,H,,0, 280 25.46 4.10 60-33-3 95  Unsaturated Fatty acid
12. 7-Tetradecenal, (Z)- C H,O0 210 25.56 6.99 65128-96-3 88 Fatty aldehyde
13. Octadecanoic acid C,H, 0, 284 25.90 2.51 57-11-4 94 Saturated fatty acid
14. (Z)-3-(pentadec-8-en-1-yl)phenol C,H,0 302 31.44 4.51 501-26-8 90 Phenol
15. 2-Methyloctacosane C,H,, 408 35.89 0.26 0-00-0 92 Alkane
16. Squalene C,,Hy, 410 37.43 0.84 111-02-4 94 Triterpenoid
17. Vitamin E C,H,,0, 92 40.94 0.68 59-02-9 92 Tocopherol derivative
18. Chondrillasterol C,H,O0 412 43.30 3.24 481-17-4 88 Stigmastanes
19. Lupeol C,H. 0 426 43.73 2.05 545-47-1 80 Triterpenoid
20. beta.-Amyrone C,H,0 424 44.01 1.04 638-97-1 89 Triterpenoid
21. Stigmast-7-en-3-ol,(3.beta.,5.alpha.,24S) C,H, O 414 44.25 3.30 18525-35-4 88 Triterpenoid
22. 9, 19-Cyclolanost-24-en-3-ol,(3.beta.)- C,H, O 426 44.59 2.41 469-38-5 93  Cycloartanol derivative
23. 24-Norursa-3,12-diene C29H4s 394 44.76 1.52 201358-25-0 84 Triterpenoid
24. 9,19-Cyclolanost-25-en-3-ol,24-methyl-,(3.beta.,24S)- C,H_O 440 45.57 2.60 511-61-5 838  Cycloartanol derivative
25. 3,12-Oleandione C,H,0, 440 49.53 0.78 0-00-0 80 Triterpene Diketone
26. (14.beta.)12,13-Epoxyolean-3-ol C,H,,0, 484 51.64 5.62 0-00-0 85 Triterpenoid
7. 4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9, C H.Br 424 45.43 1.30 0-00-0 89 Triterpenoid

10,11,12,12a,14,14a,14b-octadecahydro-2H-picen-3-one L2
28. Farnesyl bromide C,H,O 284 45.10 8.08 6874-67-5 81 Aliphatic
Compounds identified in MER of Codonopsis clematidea

S.No. Name Formula M.W. R.T. A:/:a CAS No. S.l. Compound Nature
1L Thymine CHN.O, 126 5.73 3.09 65-71-4 91 Hydroxypyrimidine
2. 3-Buten-2-ol CH,O 72 6.01 0.76 598-32-3 93 Alcohol
3. 2-Propanamine,n-methyl-n-nitroso C,H N,O 102 6.86 1.52  30533-03-5 88 Alkaloid
4. 1,5-Anhydro-6-deoxyhexo-2,3-diulose CH,0, 144 7.07 5.28 0-00-0 89 Cyclic diketone
5. 5-Hydroxymethylfurfural CH,O, 126 8.79 4.89 67-47-0 94 Aldehyde
6. 3-Deoxy-D-mannoic lactone CH, 0, 162 17.79 8.66 0-00-0 87 Sugar
7. Tetradecanoic acid C,H,0, 228 19.32 0.59 544-63-8 92 Saturated fatty acid
8. 1-Bromo-3,7,11-trimethyl-dodeca-2,6,10-triene CH,Br 284 45.07 0.44 544-63-8 80 Alkyl halide
9. Hexadecanoic acid, methyl ester C.H,,0, 270 22.15 0.95 112-39-0 85 Fatty acid methyl ester
10. n-Hexadecanoic acid C,H,,0, 256 22.79 11.86 57-10-3 97 Saturated fatty acid
11. 9,12-Octadecadienoic acid, methyl ester C,H,,0, 294 24.82 0.88 2462-85-3 95 Fatty acid methyl ester
12. 9-Octadecenoic acid (Z)-, methyl ester C,H, 0, 296 24.93 0.68 112-62-9 91 Fatty acid methyl ester

. L 280 25.46 7.57 506-21-8 96 Poly unsaturated fatty

13. Linoelaidic acid C,H,,0, acid
14. cis-Vaccenic acid C H,,0, 282 25.56 6.85 506-17-2 95 Saturated fatty acid
15. Octadecanoic acid C,H, 0, 284 25.89 1.75 57-11-4 94 Saturated fatty acid
16. (Z)-3-(pentadec-8-en-1-yl)phenol C,H,0 302 31.43 4.40 501-26-8 90 Phenol
17. Squalene C,H,, 410 37.43 1.51 111-02-4 97 Triterpenoid
18. Vitamin E C,H, 0, 92 40.93 0.78 59-02-9 93 Tocopherol derivative
19. Stigmast-7-en-3-ol,(3.beta.,5.alpha.,24S) C,H, O 414 44.23 1.35  18525-35-4 80 Triterpenoid
20. Friedelan-3-one C, H. O 426 47.14 3.21 559-74-0 94 Triterpenoid

M.W. = molecular weight, R.T. = Retention time, S.I.= Similarity index.
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classes of secondary metabolites. The major identified compounds
(S.1.280%) in MES were n-hexadecanoic acid and franseyl bromide.
n-Hexadecanoic acid is well known for its biological potential viz. anti-
oxidant, pesticide, hypocholesterolemic nematicide, 5-alpha-reductase
inhibitor, lubricant, antiandrogenic, hemolytic, while farnesyl bromide
does not have any known biological potential yet.”? In case of MER, the
major constituents were n-hexadecanoic acid and 3-deoxy-D-mannoic
lactone. 3-Deoxy-D-mannoic lactone is reported to have antifungal
properties.” From present results, it is evident that there is a high
percentage of fatty acid and triterpenoids classes of secondary metabolites
in case of MES. Some phenolic compounds were also reported which
may contribute towards the antioxidant potential of the extract; whereas
in MER, fatty acids are present as the key constituents. These identified
components in different methanol extracts may be responsible for different
biological activities of these extracts.

CONCLUSION

Codonopsis clematidea, a high altitude plant is found to have a profound
potential to act as a source of supplements to survive in high altitude
conditions. Carbohydrate profile of this plant demonstrated that roots
are a rich source of sugar in comparison to stem and can act as an energy
source. Further, among the various extraction techniques, soxhlet extraction
provided the best extracted yield percentage. The phytochemical analysis
of MES and MER obtained from stems and roots of Codonopsis clematidea
revealed the presence of higher concentration of compounds with anti-
oxidant ability in MES in comparison to MER. Thus, stems can serve
as antioxidant supplements to combat the issue pertaining to the high
altitude. Further, GC-MS analysis revealed the presence of fatty acid
and terpenoids as their major fraction. However, there is also a need
to understand the chemical composition of polar constituents in these
extracts. Thus, future studies should be focused on the isolation, iden-
tification and characterization of bioactive compounds along with their
in vivo safety studies, which are still warranted for investigation in exper-
imental animal models prior to their practical application.
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MMARY

¢ To the best of our knowledge, this is the first report which covers chlorophylls,
carbohydrates, GC-MS analysis, TPC, TFC and antioxidant activity of methanol
extracts obtained from stems and roots of Codonopsis clematidea. The study
clearly showed the soxhlet, as the best extraction technique with high yield
efficiency. In addition to this, chlorophyll analysis of stem revealed the pres-
ence of higher amount of Ch, Carbohydrate analysis showed the presence
of higher amount of sugar in roots in comparison to stem. GC-MS analysis
of MES and MER has showed the presence of different classes of second-
ary metabolites viz. fatty acid, terpenoids, quinic acid derivative, cycloartanol
derivative, tocopherol derivative phenols, alkane, stigmastane, aliphatic, hy-
droxypyrimidine, alcohol, alkaloid, cyclic diketone, aldehyde, sugar, alkyl halide
and tocopherol derivative. MES has a higher antioxidant value in comparison to
root which correlates with TPC and TFC values of their respective extracts. The
study concludes that stems of Codonopsis clematidea has a good potential to
act as a source of antioxidant and can be considered for the further study for
the isolation and identification of biologically potent compounds.
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