Indian Journal of Natural Products and Resources
Vol. 9(3), September 2018, pp 235-243

Phytochemical screening, physico-chemical analysis and antioxidant activity
of some ethnomedicinal plants from Sikkim Himalaya
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The present study was carried out to determine the phytochemical constituents, physicochemical values and antioxidant
activity of six traditionally used medicinal plants from Sikkim Himalaya according to the standard pharmacopoeial method.
Antioxidant activity was determined in methanolic extracts by DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging
assay, ferrous chelating assay and ferric ion reducing assay for methanol extracts, which showed that methanolic extracts of
all six plants particularly at higher concentration exhibited better antioxidant property. The phytochemical investigation
revealed the presence of various secondary metabolites such as flavonoids, tannins, phenols, terpenoids, phlobatannins,
saponins, glycosides and good content of four major phytochemicals (Phenol, flavonoid, flavonol and tannin), which could
account for the high antioxidant activity. The results suggest the potential of selected medicinal plants as a source of new

agents for the treatment of diseases related to oxidative stresses.
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Introduction

From the ancient times, people are using medicinal
plants for treating their common ailments. Nowadays
uses of herbal plants are growing all over the world
for the treatment of various diseases, due to their
potential antioxidant activities. It is well known that
oxidative stress produces the number of reactive
oxygen species (ROS)/free radicals, which play an
important role in the pathogenesis of various diseases
including inflammatory diseases. Oxidative stress is
produced when there is an imbalance between the
formation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) and the amount
of cellular antioxidants that can lead to multiple
reactions causing damage or death of cells'. Due to an
imbalance between body’s antioxidant mechanisms
and oxidative stress production, results in the
development of chronic disease as autoimmunity like
Rheumatoid Arthritis (RA), cancer, etc.>*. Antioxidants
are the compounds of nature which either prevent the
production or obstruct any that are produced and
prevent the progression of chain reaction produced by
various ROS’. In the case of active RA, it is found
that oxidative stress increased while the level of
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endogenous antioxidants decreased®. Antioxidants
constitute an important mechanism to block the
action of free radicals which are implicated in the
pathogenesis of many diseases and in the ageing
process”*. Antioxidants are our first line of defence
against free radical damages and play an important
role in maintaining optimum health and well-being’.
Most of the antioxidant compounds are derived
from plant sources belonging to various classes of
secondary metabolites with a variety of physical and
chemical properties'®. Although our body has
effective defence mechanisms that protect itself from
the harmful oxidative reaction, the ability slowly
reduces with ageing, creating a need for the constant
supply of antioxidants in our daily food supplements.
This has led to increased interest among the
researchers globally to find and evaluate the plants
having effective antioxidants in order to treat the
diseases related to oxidative stress like RA. The
DPPH (2, 2-diphenyl-1-picrylhydrazyl) scavenging
assay is one of the widely used methods to test
the activity of compounds to act as free radical
scavengers and to evaluate antioxidant activity. This
test has been the most accepted model for evaluating
the free radical scavenging activity of the new drug'’.
Many free radicals can be of ferrous iron (Fe*") due
to its ability to transfer single electrons, starting
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relatively with non-reactive radicals'2. Therefore, an
iron chelating activity may be an effective method to
evaluate the antioxidant activity of the plant extracts.
Iron-related complications are reduced by chelation
therapy and thereby it improves the overall quality of
life". In the present study, six medicinal plants viz.
Betula alnoides Buch.-Ham.ex D.Don, FEquisetum
diffusum D. Don, Litsea cubeba (Lour.) Pers.,
Quercus lamellosa Sm., Stephania glabra (Roxb.)
Miers and Zingiber zerumbet (L.) Sm. were selected
since these plants were found to be used by the local
healers in Sikkim Himalayan region for the treatment
of Rheumatoid arthritis. These plants were used in
local traditional system of medicine in Sikkim
Himalaya from ancient period of time for curing their
various ailments. B. alnoides is used to treat
inflammation, dislocation of bones, postnatal pain and
bleeding, wounds, joint pains, sprains, diabetes,
indigestion, strength nourishing, fatigues, antimalaise
and rheumatic ailments'*. E.  diffusum is
traditionally used for the treatment of bone fracture,
indigestion, sprain, bone dislocation, liver problems,
mouth sores, kidney stone, chest complaints and
dogbite'™"". L. cubeba is used to treat diabetes,
stomachache, headache, dizziness, hysteria, memory
loss, diarrhea, astringent and toothache*™. Q. lamellosa
is used as an astringent’. S. glabra is used to treat
pain and swelling, psycho-disorders, tuberculosis,
asthma, diabetes, dysentery, fever, intestinal troubles,
cancer, sleep disturbances, malaria, pneumonia and
typhoid??. Z. zerumbet is used against cough,
stomachache, asthma, leprosy, skin diseases, diabetes,
stomach troubles, fever, swelling, sores and loss
of appetite™?®. Many authors have documented
ethnomedicinal plants of Sikkim Himalaya based on
local traditional knowledge and practices™ %73
However, very few studies have been conducted to
scientifically validate the local healing system.
Therefore, the objectives of the present study are to
determine physicochemical analysis to study the
phytochemical constituents (qualitatively as well as
quantitatively) and to investigate the antioxidant
activity of methanol extracts in order to support the
knowledge of local healers about the use of these
plants as an anti-arthritic agent.

Materials and Methods

Plant collection
Plant samples were collected from different regions
of Sikkim Himalaya during the year 2016-2017. The

collected specimens were identified and authenticated
from Botanical Survey of India, Eastern Himalayan
Circle (Sikkim). Herbarium of each plant was also
prepared and deposited in the Department of Botany,
Sikkim University. The plant specimens with family,
local name, parts used, collection locality and voucher
specimen number in brackets were: Betula alnoides
Buch.-Ham. Ex D.Don (Betulaceae, Saur, bark,
Rabongla-South Sikkim and BSHC/0207, SU/0096);
Equisetum diffusum D.Don (Equisetaceae, Salibesali,
whole plant, Tadong-East Sikkim and BSHC/0209,
SU/0094); Litsea cubeba (Lours.) Pers. (Lauraceae,
Siltimur, fruits, 9™ Mile-East Sikkim and BSHC/0197,
SU/0100); Quercus lamellosa Sm. (Fagaceae,
Bajranth, bark, Soreng-West Sikkim and BSHC/0097,
SuU/0097);  Stephania  glabra (Roxb.) Miers
(Menispermaceae, Tamarkey, tuber, Soreng-West
Sikkim and BSHC/0216, SU/0098) and Zingiber
zerumbet (L.) Sm. (Zingiberaceae, Phachang,
rhizome, Namli-East Sikkim BSHC/0218, SU/0099).
The selected plant samples were washed, cleaned and
chopped into small pieces and dried at 40°C in a
thermostatically controlled oven until they attained a
constant weight. The samples were then crushed into
fine powder, using the mechanical grinding machine.

Extraction

10 g powder of each selected plant was extracted in
100 mL of methanol by using Soxhlet apparatus for
24 hours at a temperature of 30 °C. After 24 hours,
the obtained extracts were filtered and concentrated
under vacuum using rotatory evaporator (Heidolph,
Schwabach, Germany), the samples were further dried
in vacuum desiccators. After complete dryness of
extracts, the yield value was calculated and kept in the
refrigerator at 4 °C until further study.

Physico-chemical analysis

The physicochemical analysis was done according
to the standard method for the determination of
extractive value, total ash content, acid insoluble ash,
water-soluble ash and loss on drying percentage®.

Phytochemical analysis

Qualitative phytochemical screening of selected
medicinal plants was done according to standard
procedures”™?’, in order to determine the presence
or absence of various phytochemical constituents
like alkaloids, flavonoids, phenols, tannins, steroids,
terpenoids, saponins, phlobatannins, anthraquinones,
carbohydrates, glycosides and proteins.
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Quantitative phytochemical estimation

The total phenolic content (TPC) was measured
following the standard method with slight
modification®. About 1 mL methanol extract of plant
sample was mixed with SmL of 10 times diluted
Folin-Ciocalteu reagent and 4 mL of 7.5 % sodium
carbonate. The mixture was allowed to stand for
90 minutes at room temperature and the absorbance
was measured at 760 nm using UV spectrophotometer.
A standard curve was prepared using gallic acid by
serial dilution from 10-100 pg/ mL. Results were
expressed as milligrams of gallic acid equivalent per
gram of dry extract (mg GAE/g).

The total flavonoid content (TFC) was measured
by a modified colourimetric method with some
modification®™. 5 mL of methanol extract was mixed
with 0.3 mL of 5 % sodium nitrite for 5 minutes
in a test tube. Then 0.3 mL of 10 % aluminium
chloride was added; after 6 minutes, 2 mL of sodium
hydroxide was added to stop the reaction and mixture
was further diluted with distilled water up to 10 mL.
The absorbance was immediately measured at 510 nm
using UV spectrophotometer. A standard curve was
prepared using rutin concentration ranging from
10-100 pg/ mL. The total content of flavonoids was
expressed as milligrams of rutin equivalent per gram
of dry extract (mg of RtE/g).

The total flavonols content was measured by the
standard method with some modification®. Exaclty
2 mL of 2 % aluminium trichloride and 3 mL sodium
acetate solution were added in 2 mL of methanol extract.
The solutions were kept for 2.5 hours at 20 °C and the
absorbance was measured at 440 nm using UV
spectrophotometer. Results were mentioned as
milligrams of rutin equivalent per gram of dry extract
(mg RtE/g).

Tannin content was measured by following the
standard method with some modification®’. 0.1 mL of
each extract was taken in a test tube containing 7.5
mL distilled water followed by the addition of 0.5 mL
Folin-Ciocalteu reagent and 1 mL of 35 % Na,CO;
and diluted to 10 mL with distilled water. The mixture
was shaken well and kept at room temperature for
30 minutes. Absorbance was measured at 725 nm
using a UV spectrophotometer. Results were expressed
as milligrams of gallic acid equivalent per gram of dry
extract (mg GAE/G).

Evaluation of antioxidant activities

DPPH free radical scavenging assay
The free radical scavenging activities of methanolic
extract of selected medicinal plants were determined

on the basis of their scavenging activity of the stable
DPPH (2, 2-diphenyl-1-picrylhydrazyl) free radical as
per the standard method with slight modifications*'.
About 1 mL of each solution of different concentrations
(100, 200, 300, 400 and 500 pg/ mL) of methanol
extract was added to 3 mL of 0.04 % methanolic
DPPH free radical solution. After 30 minutes the
absorbance of the solution was taken at 517 nm by
using a UV spectrophotometer which was compared
with the absorbance of standard ascorbic acid
concentrations (100-500 pg/ mL). Then the %
inhibition was measured by using the following
formula:

(Absorbance of blank—Absorbance of sample)

( Absorbance of blank) x 100

% inhibition =

From the calibration curves obtained from different
concentrations of extract, the ICsy (inhibitory
concentration 50 %) was determined. ICsy value
denotes the concentration of plant sample that inhibits
the DPPH free radical by 50 %",

Ferrous chelating assay

The chelating activity of the extract for ferrous ions
Fe*" was measured according to the standard method
with slight modifications®. To 0.4 mL of extract of
different concentrations (200, 400, 600, 800 and
1000 pg/mL ), 1.6 mL of methanol was diluted and
mixed with 0.04 mL of FeCl; (2 mM) followed by
addition of 0.8 mL of ferrozine (5 mM). The mixture
was shaken well and incubated at room temperature
for 10 minutes. The absorbance of the mixture was
measured at 562 nm against a blank. The EDTA was
used as positive control. The ability of chelating
activity was calculated using the above formula. From
the calibration curve obtained, the ICs, (pug/mL )
value was determined.

Ferric ion reducing assay

The reducing activity of selected medicinal
plants for ferric ion Fe’* was measured according to
the standard method with slight modifications™.
To 1 mL of different concentrations of samples
(200, 400, 600, 800, 1000 pg/mL ) was taken and then
mixed with 2.5 mL of PBS solution (pH 6.6) and
2.5 mL of potassium ferricyanide solution, followed by
incubation at 50°C in water bath for 20 minutes, the
reaction was stopped by addition of 2.5 mL of
10 % trichloroacetic acid and allowed to stand at room
temperature for 10 minutes. The upper portion of
solution 2.5 mL was taken, added with the same volume
of distilled water and 0.5 mL of 0.1 % FeCl; and left for
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20 minutes at room temperature and absorbance was
measured at 700 nm. A higher absorbance of the
reaction mixture indicated greater reducing power.
Ascorbic acid was used for standard control.

Statistical analysis

All the measurements were made in triplicate and the
results obtained were expressed as the meantstandard
deviation (SD). To calculate the ICs, values, linear
regression analysis was carried out using Microsoft
Office Excel 2008 (Microsoft Corporation, USA). The
1C5p values were compared by paired t-tests, p <0.05 was
considered as significant and p >0.05 was considered as
non-significant.

Results

Physico-chemical analysis

The physicochemical parameters of the selected
medicinal plants including total ash content, acid
insoluble ash, water-soluble ash, loss on drying and
their extractive value in methanol are presented in
Table 1.

Phytochemical analysis
The preliminary phytochemical screening was
carried out on the methanolic extract of selected
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medicinal plants that revealed the presence of a range
of phytoconstituents (viz. flavonoids, carbohydrates,
terpenoids, phenols, tannins, saponins, anthraquinones,
alkaloids, glycosides, protein and phlobatannins) are
presented in Table 2.

Quantitative phytochemical estimation

On the basis of results obtained from the preliminary
phytochemical test, quantitative estimation was carried
out for some major phytoconstituents such as phenol,
flavonoid, flavonol and tannin. A comparative study of
total phenol content was expressed as mg gallic acid
equivalent (GAE) per gram dry extract weight is
presented in Fig. 1. Among the samples analyzed,
methanolic extract of L. cubeba contained a maximum
(62.6+£0.056 mg GAE/g dry extract wt.) and methanolic
extract of E. diffusum contained the minimum
(17.4+0.060 mg GAE/g dry extract wt.) phenolics.

Total flavonoid contents expressed as rutin
equivalent (RE) per gram dry extract weight, are
presented in Fig.l. The flavonoid content varied
among the studied plants ranging from B. alnoides
(56.6£0.12 mg RE/g dry extract wt.) to L. cubeba
(3.8+0.042 mg RE/g dry extract wt.).

Total flavonol contents expressed as rutin
equivalent (RE) per gram dry extract weight, are

Table 1 — Physico-chemical parameters and their extractive values in methanol (% W/W)

Plant sample

Total ash  Acid insoluble ash

Water soluble ash ~ Loss on drying  Extractive value

Betula alnoides Buch. Ham ex D.Don 6.3 9 5.78 13.74 15.1
Equisetum diffusum D.Don 12.6 26.7 9.61 8 15.9
Litsea cubeba (Lours.) Pers. 10.8 4.72 9.5 9.26 51.5
Quercus lamellosa Sm. 6.5 3.98 2 13.95 14.4
Stephania glabra (Roxb.) Miers 7.7 4.53 5.8 6.74 21.1
Zingiber zerumbet (L.) Sm. 13.2 5.1 11.98 13.94 8.35
Table 2 — Preliminary phytochemical screening of methanolic extract of selected medicinal plants
Phytochemicals Betula alnoides Equisetum diffusum Litsea cubeba Quercus lamellosa  Stephania Zingiber
glabra zerumbet

Alkaloids + + + - + +
Flavonoids + + + + + +
Tannins + + + + +
Phenols + + + + + +
Steroids + + - - + -
Phlobatannins + + - + - +
Terpenoids + - + + + +
Saponins + + + + - -
Anthraquinones - - - + - -
Proteins - - + - + -
Glycosides - + + - + -
Carbohydrates - + - + + +

Note: + (presence); - (Absence)




RAI et al.: EVALUATION OF ETHNOMEDICINAL PLANTS FROM SIKKIM 239

represented in Fig. 1. Among the samples analyzed
B. alnoides contains maximum (83.5£0.13 mg
RE/g dry extract wt.) and methanolic extract of Q.
lamellosa contains the minimum (37.53£0.073 mg
RE/g dry extract wt.) flavonol content.

Total tannin contents, expressed as gallic acid
equivalent (GAE) per gram dry extract weight, is
presented in Fig. 1. Tannin content was found to be
maximum in B. alnoides (62+0.034 mg GAE/g dry
extract wt.) and minimum in E. diffusum (37.8+0.051
mg GAE/g dry extract wt.).

Evaluation of antioxidant activities

Antioxidant activities of the methanol extract of
each selected medicinal plant were examined by using
DPPH radical scavenging assay, ferrous chelating
activity and ferric ion reducing assay in order to
support the medicinal values of selected plant species.

The 2,2-diphenyl-picrylhydrazyl (DPPH) radical scavenging
assay

The doses dependent curve of DPPH radical
scavenging activity of methanolic extract of each
selected medicinal plant is given in Fig. 2. It shows
that the methanolic extract of all plants on higher
concentration possesses the better antioxidant
property when compared to reference standard
ascorbic acid. Antioxidant activity in terms of ICs
value was also calculated and presented in Table 3.

901 B Phenol ™ Flavonoid ™ Flavonol ™ Tannin

Total phenol, flavonoid, flavonol and tannin

BA ED Ic ~ aL 2z
Plants

Fig. 1 — Quantitative estimation of selected medicinal plants in
the methanolic extract, total phenol (mg GAE/g dry extract wt),
total flavonoid (mg RE/g dry extract wt), total flavonol (mgRE/g
dry extract wt), total tannin content (mg GAE/g dry extract wt).
Values are mean+=SDM of three replicates. BA- Betula alnoides;
ED- Equisetum diffusum; LC- Litsea cubeba; QL- Quercus
lamellosa; SG-Stephania glabra; ZZ- Zingiber zerumbet; GAE-
Gallic acid equivalents; RE- Rutin equivalents; SDM-Standard
Deviation of Mean.

Maximum antioxidant activity was shown by
Q. lamellosa at the concentration of 143.3 pg/mL among
all the selected plants which is found to be same as
the standard ascorbic acid (143.3 pg/mL ), followed
by S. glabra (149.2 pg/mL ), B. alnoides (200.1
ug/mL ), E. diffusum (253.2 ng/mL ), L. cubeba
(288.18 pg/mL ) and Z. zerumbet (305.2 pg/mL ).

Ferrous chelating assay

The ferrous chelating assay also served as a
significant method for evaluation of antioxidant
activity. The reducing ability of the methanolic
extract of all the plants by ferrous ion binding ability
is given in Fig. 3. It shows that the reducing ability
of all plants increased with the increase in their
concentration. Reducing activity in terms of ICs
value was also determined and presented in Table 3.
Maximum reducing activity was shown by E.
diffusum (439.74 ng/mL ), which is found to be close
to standard EDTA (386.8 5 pg/mL ) and minimum by
Q. lamellosa (727.5 pg/mL ).

Ferric ion reducing assay

In this assay, there is a conversion of complex
ferricyanide to ferrous form due to the reducing
ability of the plant sample. The formation of Pearl’s
Prussian blue colour was measured at 700 nm, in
order to determine the concentration of ferrous ions.
Increased absorbance of the solution indicated the
increased reducing activity of the plant extracts.
The dose-dependent curves of all plants are given in
Fig. 4. It shows that the reducing ability of all

1207 ——Ascorbic acid —=-Betula alnoides —+Equisetum diffusum ~<Litsea cubeba
—~—Zingiber zerumbet —e—Stephania glabra - Quercus lamellosa

100

©
o

o
o

% Inhibition

0 100 200 300 400 500 600
Concentration (ug/mL)

Fig. 2 — DPPH free radical scavenging activity of selected
medicinal plants in comparison with standard Ascorbic acid.
Values are expressed as the mean value+standard deviation (n= 3)
and the concentration of the extract is provided in terms of
pg/mL.
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Table 3 — DPPH scavenging activity (ICs, values) of selected plants (ascorbic acid as a reference compound) and
Ferrous chelating activity (ICs, values) of selected plants (EDTA as reference compound)

Extract/Reference DPPH ICs Value (ug/mL)

200.10.754 (5)*
253.140.07 (5)*
288.18+0.32 (5)*
143.3+0.314 (5)*
149.15+0.324 (5)**
305.240.243 (5)**

Betula alnoides
Equisetum diffusum
Litsea cubeba
Quercus lamellosa
Stephania glabra
Zingiber zerumbet

Ferrous chelating ICsy Value (ug/mL)

470+0.737 (5)**
439.74+0.519 (5)*
670.2+0.394 (5)*
727.5+0.392 (5)*
653.4+0.763 (5)**
456.7+0.493 (5)*

ICs values are expressed as mean+S.D. Data in parenthesis indicate a number of DPPH assay and number of the Ferrous chelating assay.
The ICsy value of the reference compound (Ascorbic acid) for DPPH is 143.3+0.392. and the ICs, value of the reference compound

(EDTA, Ethylenediaminetetraacetic acid) is 386.8+0.382.
* p >0.05, Non significant (NS)
**p <0.05, significant (S)

100 1 ——Betula alnoides -~ Equisetum diffusum —+Litsea cubeba
90 - — Stephania glabra — Quercus lamellosa -*—EDTA
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Fig. 3 — Ferrous chelating free radical scavenging activity of selected
medicinal plants in comparison with standard EDTA. Values are
expressed as the mean valuetstandard deviation (n= 3) and the
concentration of the extract is provided in terms of pg/mL.

35 | —*Betula alnoid -=-Equisetum diffusum — Litsea cubeba
| =< Quercus lamellosa ~— Stephania glabra -*- Zingiber zerumbet
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Fig. 4 — Ferric ion reducing the ability of selected medicinal
plants in comparison with standard Ascorbic acid. Values are
expressed as the mean valuetstandard deviation (n= 3) and the
concentration of the extract is provided in terms of pg/mL.

the plants increased with the increase in their
concentration. At concentration of 1000 pg/mL the
standard ascorbic acid absorbance was 2.869 and at
the same concentration S. glabra was found to have
the absorbance value 3.162, followed by Z. zerumbet
(3.097), Q. lamellosa (2.936), L. cubeba (2.8),
B. alnoides (2.472) and E. diffusum (1.288).
Absorbance value shows that the plant samples
possess the high reducing ability in comparison with
standard ascorbic acid.

Discussion

Plants are one of the major sources of antioxidants,
anti-arthritic  and  anti-inflammatory  agents™.
Free radicals are important mediators that provoke
inflammatory processes and their neutralization by
antioxidants and radical scavengers reduce the effects
of inflammation®’. Antioxidant property is based on
the reaction mechanism and closely related to the
complex nature of phytochemicals*. Pharmacological
activities of plant extracts are attributed to the
presence of phenols, flavonoids, tannins, flavonols,
proanthocyanidins, nitrogenous compounds, vitamins
and terpenoids*’”. Phenols are one of the most
important phytoconstituents in plants with a number
of health benefits. Phenolic compounds are also found
to be effective hydrogen donors and contain
strong antioxidant property”'. So, it is reasonable to
determine the total phenolic content in selected plant
species. Several studies were done to evaluate the
relationship between antioxidant activity and phenolic
content of the plant products. Some authors reported
the correlation between the phenolic content and
the antioxidant activity, while others found no
relationship. One such study reported a high
correspondence between total phenolic content and
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antioxidant activity in selected fruits, vegetables and
grain products™. The present study did not show any
relationship between phenolic content and antioxidant
activity which is in agreement with some of the earlier
studies®™’. Among the selected plant samples, there
is variation in total phenol content ranging from L.
cubeba (62.6£0.056 mg GAE/g dry extract) to E.
diffusum (17.4£0.060 mg GAE/g dry extract).
Flavonoids also contained the scavenging activity and
act as scavengers of various oxidizing species i.e.
superoxide anion, hydroxyl radicals or peroxy
radicals and quenchers of singlet oxygen .
Flavonoids are polyphenolic compounds and are
categorized into different classes based on their
chemical structures (flavonols, flavones, flavonones,
catechins, anthocyanidins and chalcones) and its
pharmacological activities were also related to their
functional groups. Flavonoid may exert their cell
structure protection through a number of mechanisms
and one of their potent effects may be through their
ability to produce high-level glutathione, a powerful
antioxidant as suggested by researchers. Among
the studied plant samples, there is variation in
total flavonoid content ranging from B. alnoides
(56.6+£0.12 mg RE/g dry extract) to L. cubeba
(3.8£0.042 mg RE/g dry extract). E. diffusum, Q.
lamellosa, S. glabra and Z. zerumbet also showed a
good amount of flavonoid content. Some studies have
shown that many flavonoids and related polyphenols
contributed to the antioxidant and anti-inflammatory
activity of many plants®*®". Tannin-rich foodstuffs
also have a number of health benefits which
include immunomodulatory, anticancer, antioxidant,
radical scavenging functions, anti-inflammatory,
cardioprotective, vaso-dilating, antithrombotic effects
and UV-protective functions”>*. Among the studied
plant samples, total tannin content varies among the
selected plant samples ranging from B. alnoides
(62+0.034 mg GAE/g dry extract wt.) to E. diffusum
(37.8£0.051 mg GAE/g dry extract wt.). A study
which was done on chemical composition and some
antioxidant indices of Alstonia. boonei stem bark
extract indicated the presence of alkaloids, tannins,
saponins, flavonoids and cardiac glycosides along
with important vitamin, ascorbic acid having DPPH
radical scavenging activity (41.58 %), reducing power
(0.32) and total phenolic content (2 mg/ g gallic acid
equivalent). Results indicated the medicinal value
of this plant was due to the presence of various
phytochemicals®. Another study was done on

phytochemical analysis of 13 medicinally important
plants of Margalla hills and surroundings and
evaluated the qualitative and quantitative analysis of
the major bioactive constituents and found the
presence of alkaloids, saponins, tannins, anthraquinones,
flavonoids, flavones, flavonols, chalcones, terpenoids,
phlobatannins, coumarins, steroids and cardiac
glycosides were analyzed qualitatively and total
alkaloids, total flavonoids, total tannins, total phenols,
and saponins were also analyzed quantitatively®.
Pharmacognostical and phytochemical evaluation of
Cinnamomum wightii Meissn was done and recorded
to contain various phytoconstituents including total
tannins (156.5 mg/g), total phenolics (146.40 mg/g),
total flavonoids (30 mg/g) and total flavonols (3.6
mg/g) and it may serve as diagnostic tools for
identification of crude drug®. In another study done
for the determination of antioxidant activity by
reducing assay recorded that the reducing power
increases with the increase in the concentration of the
crude extract®’, which is found to be similar in our
study as well. In this study, the antioxidant activities
of B. alnoides, E. diffusum, L. cubeba, Q. lamellosa,
S. glabra and Z. zerumbet were found to increase in a
concentration-dependent manner. The present study
indicates that the selected medicinal plant species
contain the effective antioxidant activity in three
different assays (DPPH radical scavenging assay,
ferrous chelating assay and ferric ion reducing assay).
So, these findings are in accordance with previous
reports and confirm the medicinal value of selected
plant species.

Conclusion

Phytochemical screening of methanolic extract of
six medicinal plants (Betula alnoides, Equisetum
diffusum, Litsea cubeba, Quercus lamellosa, Stephania
glabra and Zingiber zerumbet) has revealed the
presence of various phytoconstituents like phenols,
flavonoids, alkaloids, tannins, terpenoids, saponins by
positive reaction with their respective test reagents
and contain a good amount of four major
phytocompounds i.e. phenol, flavonoid, flavonol and
tannin. Antioxidant activity assays indicate that the
plant extracts contain good antioxidant activity and
could be the significant sources of natural antioxidant,
which is relevant for preventing the progress of
various oxidative stresses and its related diseases
including Rheumatoid arthritis. The plants which
were used for this study showed good effects in
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antioxidant activity but there have been limited
scientific studies. Hence, further study is necessary to
prove the uses of these plants including identification,
isolation, and purification of biologically active
compounds having potent medicinal values in order to
validate the uses of these plants.

Acknowledgement

The authors are thankful to BSI, Sikkim Himalayan
Circle, Gangtok, for authentification of medicinal
plants and extend gratitude to the folk healers of
Sikkim Himalaya for sharing their valuable
knowledge.

References

1 Shebis Y, [luz D, Tahan Y K, Dubinsky Z and Yehoshua Y,
Natural Antioxidants: Function and Sources, Food Nut Sci,
2013, 4, 643-649.

2 Demirbag R, Yilmaz R, Erel O, Gultekin U, and Asci D,
et al., The relationship between potency of oxidative stress
and severity of dilated cardiomyopathy, Can J Cardiol, 2005,
21, 851-855.

3 Henrotin Y, Kurz B and Aigner T, Oxygen and reactive
oxygen species in cartilage degradation: friends or foes?,
Osteoarthritis Cartilage, 2005, 13, 643-654.

4 Ozgocmen S, Ozyurt H, Sogut S and Akyol O, Current
concepts in the pathophysiology of fibromyalgia: the
potential role of oxidative stress and nitric oxide, Rheumatol
Int, 2006, 26, 585-597.

5 Mahajan A and Tandon V R, Antioxidants and Rheumatoid
Arthritis, J Indian Rheumatol Assoc, 2004, 12, 139-142.

6 De Leo M E, Tranghese A, Passantino M, Mordente A,
Lizzio M M, et al, Manganese superoxide dismutase
gluthione peroxidase and total radical trapping antioxidation
capacity in active rheumatoid arthritis, J Rheumatol, 2002,
29, 2245-2246.

7  Aruoma O I, Methodological considerations for characterizing
potential antioxidant actions of bioactive components in plant
food, Mutation Res, 2003, 523-524, 9-20.

8  Dasgupta N and De B, Antioxidant activity of Piper betle L.
Leaf extract in vitro, Food Chem, 2004, 88, 219-224.

9  Percival M, Clinical Nutrition Insights (Advanced Nutrition
publications, Inc), 1998, 1-4.

10 Sravani T and Paarakh P M, Antioxidant activity of
Hedychium spicatum Buch, Ham Rhizomes, /ndian J Nat
Pro Resour, 2012, 3(3), 354-358.

11  Wagner H, Bladet S and Zgainski E M, Plant Drug Analysis-
A TLC Atlas, 1% Edn (Springer Verlag Berlin, Heidelberg,
New York), 1996, 195-214.

12 Enein A M A, El-Baz F K, El-Baroty G S, Youssef A M and
Baky H H, Antioxidant activity of algal extracts on lipid
peroxidation, J Med Sci, 2003, 3, 87-98.

13 Halliwell B and Gutteridge J M, Free Radicals in Biology
and Medicine, (Oxford University Press, UK), 1990, 60-67.

14 Sur T K, Pandit S, Battacharyya D, Kumar A C K, Lakshmi S M,
et al., Studies on the Antiinflammatory activity of Betula
alnoides bark, Phytother Res, 2002, 16, 669-671.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

INDIAN J NAT PROD RESOUR, SEPTEMBER 2018

Raj D A, Veerappan R and Malarvili T, Modulatory effect of
Betula alnoides bark extract on free radicals and antioxidants in
tissues of high fructose-fed rats, IJIRSET, 2018, 4(3), 33-43.
Jeyaprakash K, Lego Y J and Rathinavel, Diversity of
medicinal plants used by Adi Community in and around area
of D’Ering wildlife sanctuary, Arunachal Pradesh, India, Bio
Bulletin, 2017, 3(1), 14-24.

Panda K A, Medicinal plants use and primary health care in
Sikkim, Int J Ayurvedic Herb Med, 2012, 2(2), 253-259.
Chhetri D R, Parajuli P and Subba G C, Antidiabetic plants
used by Sikkim and Darjeeling Himalayan tribes, India,
J Ethnopharmacol, 2005, 99, 199-202.

Lalhmingliani E, Gurusubramanian G, Kumar N S, Lalfelpuii
R and Lalremsanga H T et al., Ethnomedicinal uses of host
plants of wild silk moths in Mizoram, J Environ Soc Sci,
2015, 2(1), 113.

Devi T I, Devi K U and Singh E J, Wild Medicinal plants in
the Hill of Manipur, India: A traditional therapeutic potential,
Int J Sci Res Pub, 2015, 5(6), 1-9.

Chbhetri D R, Ethnomedicinal plants of the Khangchendzonga
National Park, Sikkim, India, Ethnobotany, 2005, 17, 96-103.
Gaur R D, Flora of the district Garhwal North West
Himalaya (with ethnobotanical notes), 1% edn, Srinagar
Garhwal, Trans Media, 1999, 76.

Semwal D K, Rawat U, Badoni R, Semwal R and Singh R,
Anti-hyperglycemic effect of Stephania glabra tubers in
alloxan induced diabetic mice, J Med, 2010, 11, 17-19.

Singh V K and Ali Z A, Folk medicines in primary health
care: Common plants used for the treatment of fevers in
India, Fitoterapia, 1994, 65, 68-74.

Rout O P, Rout K K, Acharya R and Mishra S K,
Pharmacognostical and phytochemical studies of Zingiber
zerumbet (L.) Sm Rhizomes, IJRAP, 2011, 2(3) 698-703.
Joseph L, George M and Sreelakshmi R, Phytochemical and
Pharmacognostical studies on Zingiber zerumbet hydro-
alcoholic extract for anticonvulsant activity, Int j therapeutic
appl, 2015, 29, 19-23.

Jha A, Jha V and Jha A, Study on ethnomedicinal pants of
Sherpas of Sikkim Himalayas, J Traditional and Folk
Practices, 2016, 4(1), 174-177.

Pradhan B K and Badola H K, Ethnomedicinal plant use by
Lepcha tribe of Dzongu valley, bordering Khangchendzonga
Biosphere Reserve, in North Sikkim, India, J Ethnobiol
Ethnomed, 2008, 4(22), 4-22.

Badola H K and Pradhan B K, Plant used in healthcare
practices by Limboo in South-West of Khangchendzonga
Biosphere Reserve, Sikkim, India, 2013, Indian J Tradit
Know, 12(13), 355-369.

Singh H B, Prasad R and Rai L K, Folk medicinal plants in
the Sikkim Himalayas of India, Asian Folkl Stud, 2002, 61,
295-310.

Bharati A K, Singh M K and Kumar R, Folk medicinal plants
of Sikkim Himalayas and their pharmacological use, /ntl J
Econ Plants, 2015, 2(2), 35-45.

Panda A K and Misra S, Health traditions of Sikkim
Himalaya, J Ayurveda Integr Med, 2010, 1(3), 183-189.
Bantawa P and Rai R, Studies on ethnomedicinal plants used
by traditional practitioners, Jhankri, Bijuwa and Phedangma
in Darjeeling Himalaya, Nat Prod Rad, 2009, 8(5), 537-541.
Khandelwal K R, Practical Pharmacognosy, 19" edn,
(Pune, Nirali Prakashan), 2009, 149-156.



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

RAI et al.: EVALUATION OF ETHNOMEDICINAL PLANTS FROM SIKKIM

Harbone J B, Phytochemical Methods, Chapman and Hall
Ltd., London, 1973, 49-188.

Sofowara A, Medicinal plants and traditional medicines
in Africa, (Spectrum Books Ltd, Ibadan, Nigeria), 1993,
191-289.

Trease G E and Evans W C, Pharmacognosy, 11" edn,
(Bailliere Tindall, London), 1989, 45-50.

Lin L, Cui C, Wen L, Yang B and Luo W, Assessment of
in vitro antioxidant capacity of stem and leaf extracts of
Rabdosia serra and (MAXIM.) HARA and identification of
the major compounds, Food Chem, 2011, 126, 54-59.
Kumaran A and Karunakaran R. J, Antioxidant and free
radical scavenging activity of an aqueous extract of Coleus
aromaticus, Food Chem, 2006, 97, 109-114.

Tambe V D and Bhamber R S, Estimation of total phenol,
tannin, alkaloid and flavonoid in Hibiscus tillaceus Linn.
Wood extracts, Res Rev J Pharmacog Phytochem, 2014, 4,
41-47.

Hatano T, Kagawa H, Ysuhara T and Okuda T, Two new
flavonoids and other constituents in licorice root: their
relative astringency and radical scavenging effects, Chem
Pharm Bull, 1988, 36, 2090-2097.

Gupta M, Mazumdar U K, Sivakumar T, Vamis M L M and
Karki S, et al., Antioxidant and Anti-inflammatory activities of
Acalypha fruticasa, Nig J Nat Prod Med, 2003, 7(1), 25-29.
SuM S, Shyu Y T and Chien P J, Antioxidant activities
of citrus herbal product extracts, Food Chem, 2008, 111,
892-896.

Deng C C, Huo L, Li P, Chen R, Deng Y, et al., Chemical
Constituents and Antioxidant Activity of Essential oils from
leaves of Cinnamomum burmanii in Guangxii, China,
J Exper Trad Med For, 2010, 16(17), 105-109.

Atawodi S E, Yakubu O E and Umar I A, Antioxidant and
Hepatoprotective effects of Parinari curatellifolia root, Int J
Agric Biol, 2013, 15, 523-528.

Zubair M, Anwar F and Shahid SA, Effect of extraction
solvents on phenolics and antioxidant activity of selected
varieties of Pakistani rice (Oryza sativa), Int J Agric Biol,
2012, 14, 935-940.

Conforti F, Sosa S, Marrelli M, Menichini F, Statti G A,
et al., Invivo anti-inflammatory and in vitro antioxidant
activities of Mediterranean dietary plants, J Ethnopharmacol,
2008, 116, 144-151.

Zou Y, Chang S K C, Gu Y and Qian S Y, Antioxidant
activity and phenolic compositions of Lentil (Lens culinaris
var. Morton) extract and its fractions, J Agric Food Chem,
2011, 59, 2268-2276.

Dzoyem J P, Kuete V, McGaw L J and Eloff J N, The
15-lipoxygenase inhibitory, antioxidant, antimycrobacterial
activity and cytotoxicity of fourteen ethnomedicinally used
African spices and culinary herbs, J Ethnopharmacol, 2014,
156, 1-8.

Saeed N, Khan M R and Shabbir M, Antixidant activity, total
phenolic and total flavonoid contents of whole plant extracts
Torillis leptophylla L., BMC Complement Altern Med, 2012,
12, 221.

Yen G C, Duh P D and Tsai C L, Relationship between
antioxidant activity and maturity of peanut hulls, J Agric
Food Chem, 1993, 41, 67-70.

Velioglu Y S, Mazza G, Gao L and Oomah, B.D,
Antioxidant activity and total phenolics in selected fruits,

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

243

vegetables and grain products, J Agric Food Chem, 1998, 46,
4113-4117.

Kahkonen M P, Hopia A I, Vuorela H J, Rauha J P and
Pihlaja K, et al., Antioxidant activity of plant extracts
containing phenolic compounds, J Agric Food Chem, 1999,
47, 3954-3962.

Wang T, Zhang J C, Chen Y, Huang F and Yang M S, et al.,
Comparison of antioxidative and antitumor activities of six
flavonoids from Epimedium koreanum, J Chinese Materia
Medica, 2007, 32(8), 715-718.

Souri E, Amin G, Farsam H and Barazandeh T M, Screening
of antioxidant activity and phenolic content of 24 medicinal
plant extracts, DARU J Pharm Sci, 2008, 16(2), 83-87.
Rumbaoa R G O, Cornago D F and Geronimo I M, Phenolic
content and antioxidant capacity of Philippine sweet
potato (Ipomoea batatas) varieties, Food Chem, 2009, 113,
1133-1138.

Sani N F, Irda F and Komar R, Correlation of total phenolic,
flavonoid and carotenoid content of Sesbania sesban
(L. Merr) leaves extract with DPPH scavenging activities, Int
J Pharm Pharm Res, 2017, 9(1), 89-94.

Ratty A K and Das N P, Effects of flavonoids
on  nonenzymatic lipid  peroxidation: structure-
activity relationship, Biochem Med Metab Bio, 1988, 39(1),
69-67.

O’Byrmne D J, Devaraj S, Grundy S M and Jialal I,
Comparison of the antioxidant effects of Concord grape juice
flavonoids alpha-tocopherol on markers of oxidative stress in
healthy adults, A4m J Clin Nutr, 2002, 76(6), 1367-1374.

Luo X D, Basile M J and Kennelly E J, Polyphenolic
antioxidants from the fruits of Chrysophyllum cainito L. (star
apple), J Agric Food Chem, 2002, 50(6), 1379-1382.

Okoli C O and Akah P A, Mechanism of the anti-
inflammatory activity of the leaf extract of Culcasia
scandens P. beauv (Araceae), Pharmacol Biochem Behav,
2004, 79, 473-481.

Dixon R A, Xie D Y and Sharma S B, Proanthocyanidins - a
final frontier in flavonoid research?, New Phytol, 2005, 165,
9-28.

Sharma S D, Meeran S M and Katiyar S K,
Dietary grape seed proanthocyanidins inhibit UVB-induced
oxidative stress and activation of mitogen-activated
protein kinases and nuclear factor-kappaB signaling in
in vivo SKH-1 hairless mice, Mol Can Ther, 2007, 6(3),
995-1005.

Akinmoladun A C, Ibukun E O, Afor E, Akinrinlola B L and
Onibon T R, et al., Chemical constituents and antioxidant
activity of Alstonia boonei, Afr J Biotechnol, 2007, 6(10),
1197-1201.

Khan A M, Qureshi R A, Ullah F, Gelani S A and Nohseen A,
et al., Phytochemical analysis of selected medicinal plants of
Margalla Hills and surroundings, J Med Plant Res, 2011,
5(25), 6055-6060.

Sahu A N, Laloo D, Hemlatha S and Dubey S D,
Pharmacognostical and phytochemical evaluation of
Cinnamomum wightii Meissn. flowers, Indian J Nat Prod
Resour, 2012, 3(1), 33-39.

Ali M S, Sayeed M A, M M Nabi and Rahman M A A,
In vitro antioxidant and cytotoxic activities of methanol
extract of Leucas aspera leaves, J Pharmacogn phytochem,
2013, 2(1), 8-13



