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The present study was aimed to evaluate the antimicrobial and antioxidant potential of ethanolic extract
and its different solvent fractions (chloroform, ethyl acetate, n-butanol and aqueous fraction) of bark and
leaves of Terminalia arjuna. The antimicrobial activity was determined by disc diffusion and minimum
inhibitory concentration (MIC) methods against six bacterial stains. The antioxidant activity was eval-
uated by using DPPH, FRAP and Nitric oxide (NO) scavenging assay. The total phenolics and flavonoid
content were found to be higher in n-butanolic fraction of bark (294.6 ± 8.1 mg/g GAE and
168.6 ± 12.3 mg/g RE, respectively) and leaves (203.7 ± 7.0 mg/g GAE and 144.8 ± 11.1 mg/g RE,
respectively). The maximum antimicrobial activity was shown by n-butanolic fraction of bark and leaves.
The zone of inhibition of 15.0 ± 0.7 mm, 15.5 ± 0.7 mm, 15.0 ± 1.5 mm, 15.5 ± 0.7 mm, 15.0 ± 0.7 mm,
15.0 ± 0.7 mm was observed against Bacillus subtilis, Staphylococcus aureus, Eschericia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Salmonella typhi respectively. In case of leaves extract, zone of
inhibition of 13.5 ± 0.7 mm, 16.5 ± 0.7 mm, 14.0 ± 0.5 mm, 15.0 ± 0.5 mm, 13.5 ± 0.7 mm, 14.0 ± 0.7 mm
was observed against B. subtilis, S. aureus, E. coli, K. pneumoniae, P. aeruginosa, S. typhi, respectively. The n-
butanol fraction of bark [IC50-4.1 mg/ml (DPPH), 21.0 mM (FRAP), 3.3 mg/ml (NO)] and leaves [IC50-4.8 mg/
ml (DPPH), 28.9 mM (FRAP), 3.2 mg/ml (NO)] showed more antioxidant potential as compared to that of
crude ethanolic extract, ethyl acetate fraction, chloroform fraction, aqueous fraction and even ascorbic
acid. These results clearly indicated comparative antioxidant potential and antimicrobial activity in ex-
tracts of bark and leaves of T. arjuna.
© 2018 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Medicinal plants are the important constituents of both tradi-
tional and conventional medicine preparations from ancient times.
Majority of people prefer herbal-based medicines as compared to
that of conventional medicine.1 Safe, effective and inexpensive
indigenous remedies have becomemore popular among the people
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of both the urban and rural areas of India and China.2 Therefore,
medicinal plants have become the essential part of human health
care system.3 Moreover, medicinal plants have attained more
attention because of their effectiveness, increased cost of current
medicines and cultural preferences.4,5 Large number of plants have
been reported to possess antimicrobial and antioxidant potential.6,7

The search for plant-based potent antimicrobials has dramatically
increased because of the emergence of multiple drug resistance.8

Identification of plant based antioxidants is another aspect which
has gained immense importance to protect the cell/tissues from the
damage caused by free radicals. Phenolic compounds present in
plants act as powerful antioxidants which can protect the cellular
machinery from free radicals by acting as hydrogen donors and
radical scavenger.9 Antioxidants act as free radical scavengers and
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are thus helping tomitigate the effect of oxidative stress in a variety
of diseases such as cardiovascular diseases, Parkinson's disease,
Alzheimer's disease, cancerogenesis, Neuro-degenerative, nephro-
toxicity, diabetes and the ageing.10 Many studies have demon-
strated the efficacy of plant derived products as a good source of
antioxidants against various diseases induced by reactive oxygen
species. Several studies have reported that phenolic compounds,
such as flavonoids and phenolic acids present in plants are
responsible for their antioxidant nature.11e14

Therefore, there is need to carry out a screening of the plants in
order to validate their use in folk medicine and to reveal the active
principle by isolation and characterization of their active constit-
uents. Terminalia arjuna belonging to family combretaceae is a
potent cardioprotective agent from ancient times. The bark of
T. arjuna is used in the treatment of fractures, ulcers, hepatic and
also showed hypocholesterolemic, antibacterial, antimicrobial,
antitumoral, antioxidant, anti allergic and anti feedant, anti fertility
and anti-HIV activities.15e17 The use of bark in traditional medicine
may lead T. arjuna to become endangered. Therefore, the current
study was focused to compare the antimicrobial and antioxidant
potential of leaves and bark and to promote the utilization of leaves
(non-destructive method) in therapeutics.
2. Material and methods

2.1. Processing of bark and leaves of T. arjuna

The bark and leaves of T. arjuna were collected from Dharam-
shala region of District Kangra of Himachal Pradesh
(30�2204000e33�1204000 N to 75�4505500e79�0402000 E), India. The
collected samples were thoroughly washed with running tap water
followed by distilled water. The samples were completely dried in
hot air oven at 40 �C and ground to fine powder and stored in air-
tight jars.
2.2. Extraction and fractionation

The dried powder of bark and leaves (50 g) of T. arjuna were
mixed with 500 ml ethanol in a conical flask plugged with cotton
wool and incubated on a rotary shaker at 120 rpm for 5 days to
Fig. 1. Schematic diagram showing liquideliquid
ensure complete extraction.18 The extracts were filtered through
Whatmann No. 1 filter paper and then centrifuged at 4000 g for
5min. The solvent phasewas collected and evaporated at 40 �C. The
dried crude extracts were stored at 4 �C in airtight bottles till
further use. The process of extraction was repeated three times to
ensure complete extraction. The crude ethanolic extract was dis-
solved in distilled water and successive fractionation was done
using chloroform, ethyl acetate, and n-butanol and remaining
aqueous fraction as shown in Fig. 1.19,20

2.3. Qualitative analysis of phytochemicals

The ethanolic extract and its various fractions (chloroform
fraction, ethyl acetate fraction, n-butanol fraction and aqueous
fractions) of bark and leaves of T. arjunawere subjected to different
chemical tests for the detection of various phytocomponents such
as phenolics, tannins, flavonoids, phytosteroids and saponins as per
standard methods.21e23

2.4. Quantification of total phenolic content (TPC) and total
flavonoid content (TFC)

TPC of the ethanolic extract and its fractions of bark and leaves
of T. arjuna was quantified using Folin-Ciocalteu reagent according
to the method described by Singleton et al24 TPC was calculated
from calibration curve of gallic acid (25e200 mg) and expressed in
terms of GAE per gram of dry extract (see Fig. 2A and B).

TFC in ethanolic extract and its fractions of bark and leaves of
T. arjunawere assessed by using aluminum chloride (AlCl3) method
as described by Zhishen et al25 and was quantified from the stan-
dard curve of rutin (25e200 mg/ml) and expressed as RE per gram
of dry extract (see Fig. 2C and D).

2.5. Microbial strains

The six bacterial strains (two Gram's positive, viz. Staphylococcus
aureus and Bacillus subtilis and four Gram's negative, viz. Eschericia
coli, Salmonella typhi, Klebsiella pneumoniae and Pseudomonas aer-
uginosa) and a fungal strain (Candida albicans) were used to study
antimicrobial activity of ethanolic extract and its fractions of bark
fractionation of the crude ethanol extract.



Fig. 2. Quantification of total phenolics and flavonoids content in crude ethanolic extract of bark and leaf and their fractions. A) Standard curve of Gallic acid (5e40 mg/ml). B) Total
phenolic contents of crude ethanolic extract of bark and leaf and their fractions. C) Standard curve of Rutin (5e80 mg/ml). D) Total flavonoid content of crude ethanolic extract of
bark and leaf and their fractions. Total Phenolic content was expressed as mg/gm gallic acid equivalents (GAE), whereas flavonoid content was expressed in terms of mg/gm rutin
(RE).
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and leaves of T. arjuna. All the strains were obtained from Yeast
Biology Lab, Shoolini University, Solan, Himachal Pradesh, India.
The bacterial strains were grown in nutrient broth at 37 �C, whereas
C. albicans was grown in YPD broth at 30 �C. Bacterial strains were
maintained on nutrient agar (NA) slants, whereas, PDA slants were
used for storage of C. albicans at 4 �C.
2.6. Antimicrobial activity using agar well diffusion method

The antimicrobial activity of ethanolic extract and its various
fractions such as chloroform fraction, ethyl acetate fraction, n-
butanol fraction and aqueous fractions dissolved in dimethyl sulf-
oxide (DMSO) at concentration of 50 mg/ml of bark and leaves of
T. arjuna was evaluated by agar well diffusion method.26 The bac-
terial and fungal culture of 0.5 McFarland Standard (~2 � 108 col-
ony forming units (CFU)/ml) was uniformly spread on the surface of
the nutrient agar plates using sterile cotton swabs.27 Thewells were
punched with the cork borer (6 mm) in the agar. Approximately
50 mL of the crude extract and its fractions (50 mg/ml) of bark and
leaves were added into the wells, allowed to stand at room tem-
perature for about 2 h and incubated at 37 �C. After 24 h of incu-
bation, the zone of inhibition was measured using a HiAntibiotic
Zone scale-C (Himedia Biosciences, Mumbai (India)). Amoxyclav
(10 mg) and Fluconazole (25 mg) were used as a positive control in
case of bacterial strains and fungus strain respectively. DMSO
(solvent) was used as solvent control. The tests were performed in
duplicates and results were recorded as mean ± SD.

2.7. Determination of MIC by broth dilution method

The minimum inhibitory concentration (MIC) of the extract and
fractions was evaluated by broth dilution method described under
CLSI28 guidelines using 2,3,5-tripheny tetrazolium chloride. The
ethanolic extract and its fractions were dissolved in DMSO and
geometric dilutions ranging from 25e48 mg/ml of each extracts
were prepared in a 96-welled micro titer plate, including one
growth control (nutrient broth (NB) containing DMSO) and a pos-
itive control (NB inoculated with bacterial culture and containing
Amoxyclav). Plates were incubated under normal atmospheric
conditions at 37 �C for 24 h for bacteria and 30 �C for C. albicans. The
color change was then observed visually. The growth was indicated
by changes in color from purple to pink or colorless. The lowest
concentration at which color change appeared was taken as the
MIC value.

2.8. In-vitro antioxidant activity

Different antioxidant methods were employed to characterize
the antioxidant potential of the ethanolic extract and its subse-
quent fractions.29,30 Ethanolic extract and its various fractions
(chloroform fraction, ethyl acetate fraction, n-butanol fraction and



V. Kumar et al. / Journal of Traditional and Complementary Medicine 8 (2018) 100e106 103
aqueous fraction) were dissolved at a concentration of 1 mg/ml in
ethanol and then diluted in order to prepare different concentra-
tions (2.5e10 mg/ml) for antioxidant assays. Ascorbic acid was used
as a standard antioxidant compound for comparative analysis in all
assays.

2.8.1. DPPH radical scavenging activity
DPPH radical scavenging activity of the extract was determined

by the method described by Barros et al.31 The percentage of in-
hibition activity was calculated using the following equation:

% Inhibition ¼ (Ac � As/Ac) � 100
where Ac is the absorbance of the control and As is the absorbance
of the extract/standard. The free radical scavenging activity of
samples was expressed as IC50 value, which represented the
effective concentration of extract/standard required to scavenge
50% of DPPH radicals.

2.8.2. FRAP assay
The ability to reduce ferric ions was measured using the method

described by Benzie and Strain.32 The antioxidant capacity based on
the ability to reduce ferric ions of extract was calculated from the
linear calibration curve of FeSO4 (2.5e20 mM) and expressed as mM
FeSO4 equivalents per gram of extract.

2.8.3. NO scavenging assay
The nitric oxide scavenging assay was carried out using sodium

nitroprusside method as described by Sreejayan and Rao33 with
ascorbic acid as positive standard.

2.9. Statistical analysis

Total phenolic content, total flavonoid content and half of
minimum inhibitory concentration (IC50) was determined by linear
regression analysis method. Each sample was analyzed individually
in triplicates and the results are expressed as the mean value
(n ¼ 3) ± standard deviation.

3. Results and discussions

3.1. Quantitative analysis of phytochemicals in bark and leaves of
T. arjuna

Phytochemical components such as phenolics, flavonoids, tan-
nins, terpenoids and saponins were determined in ethanolic extract
and its fractions as shown in Table 1. Phytochemical analysis
revealed that flavonoids and phenolics were present in both crude
ethanolic extract and their n-butanolic fractions. Tannins and sa-
ponins were found to be present in crude ethanolic extract, n-
butanolic fraction of bark and leaves. Terpenoids were present in
ethanolic extracts of bark and leaves and their fractions except ethyl
acetate fraction of leaves. In agreement with our studies, phenolics,
tannins, flavonoids, phytosteroids and saponins from bark and
leaves of T. arjuna were also reported previously.34e36
Table 1
Quantitative analysis of phytochemicals in ethanolic extract and its fraction of bark and

S. No. Phytoconstituents Tests Crude extract Chloro

B L B

1. Phenolics and Tannins Ferric chloride test þ þ �
Gelatin test þ þ �

2. Flavonoids Lead acetate test þ þ �
3. Phytosteroids LiebermanneBurchard's test þ þ þ
4. Saponin Foam test þ þ �

‘þ’ represented the presence, whereas ‘�’ indicates the absence, B &L stands for bark an
3.2. Quantification of TPC and TFC

TPC was calculated from the standard curve of gallic acid using
equation: y ¼ 0.0226x þ 0.0304 while TFC was calculated using
standard curve of rutin using equation: y ¼ 0.0058x � 0.0234. The
phenolic content was found to be more in n-butanolic fraction as
compared to that of crude ethanolic extract of both bark and leaves.
The order of TPC in bark extract was: n-butanolic fraction
(294.6 ± 8.1 mg/g GAE) > ethyl acetate fraction (270.8 ± 14.8 mg/g
GAE) > crude extract (189.9 ± 12.7 mg/g GAE) > aqueous fraction
(131.9 ± 5.8mg/g GAE) > chloroform fraction (59.9 ± 4.3mg/g GAE).
In case of leaves, the order was n-butanolic fraction (203.7 ± 7.0mg/
g GAE) > ethyl acetate fraction (129.0 ± 11.5 mg/g GAE) > crude
extract (125.8 ± 9.9 mg/g GAE) > chloroform fraction
(46.4 ± 4.84 mg/g GAE) > aqueous fraction (44.7 ± 6.1 mg/g GAE).
The order of TFC in bark extract was: n-butanolic fraction
(168.6± 12.3mg/g RE)> crude extract (152.6± 11.8mg/g RE)> ethyl
acetate fraction (147.3 ± 16.0 mg/g RE) > aqueous fraction
(96.2 ± 2.7 mg/g RE) > chloroform fraction (92.9 ± 7.7 mg/g RE). In
case of leaves, the order was n-butanolic fraction (144.8 ± 11.1 mg/g
RE) > ethyl acetate fraction (129.1 ± 5.7 mg/g RE) > crude extract
(114.7 ± 8.5 mg/g RE) > chloroform fraction (89.3 ± 14.6 mg/g
RE)> aqueous fraction (69.7±8.0mg/g RE). TPC andTFCof ethanolic
extract of bark of same tree collected from different location36, i.e.
Kangraof Distt. Kangrawasmore than that of sample reported in the
present study, which was collected from Dharmshala located at
altitude of 1500 m above the sea level. However, TPC and TFC of
ethanolic extract of leaves were found to be more in the present
study. This variation in TPC and TFC clearly indicate that the envi-
ronmental factors have some effect on the phytochemical content of
the same plant in different location as also shown by studies of
Bhakta and Ganjewala on Lantana camara37 and Fonseca et al38.
Ambika and Chauhan44 found that gallic acid, apigenin, luteolin,
quercetin, epicatechin, ellagic acid and 1-O-b-galloyl glucose were
the major phenolics compounds which are responsible for the
antioxidant potential of leaves extract of T. arjuna.

3.3. Antimicrobial activity of crude extract and their fractions

The ethanolic extract and its fractions exhibited good antimi-
crobial activity against all the tested bacterial strains. The results
from the agar well diffusion method, followed by measurement of
minimum inhibitory concentration (MIC), indicated that n-butanol
fraction of both bark and leaves exhibited more antimicrobial ac-
tivity as compared to that of ethyl acetate and ethanolic extract
with diameter of zone of inhibition were 15.0 ± 0.7 mm,
15.5 ± 0.7 mm, 15.0 ± 1.5 mm, 15.5 ± 0.7 mm, 15.0 ± 0.7 mm,
15.0 ± 0.7 mm in bark, whereas zone of inhibition diameters were
13.5 ± 0.7 mm, 16.5 ± 0.7 mm, 14.0 ± 0.5 mm, 15.0 ± 0.5 mm,
13.5 ± 0.7 mm, 14.0 ± 0.71 mm in leaves and MIC values for bark
were 0.4 mg/ml, 0.4 mg/ml, 0.4 mg/ml, 0.8 mg/ml, 0.2 mg/ml,
0.2 mg/ml and for leaves were 0.8 mg/ml, 0.2 mg/ml, 0.2 mg/ml,
1.6 mg/ml, 0.4 mg/ml, 0.8 mg/ml against B. subtilis, S. aureus, E. coli,
leaves of T. arjuna.

form fraction Ethyl acetate fraction n-butanol fraction Aqueous fraction

L B L B L B L

� þ þ þ þ þ þ
� � � þ þ � �
� þ þ þ þ þ þ
þ þ � þ þ þ þ
� � � þ þ � �

d leaves



Table 2
Antimicrobial activity of crude ethanolic extract and its fractions. Antimicrobial activity of ethanolic extract and its fractions from bark and leaves were evaluated against
Gram's positive (B. subtilis, S. aureus) and Gram's negative (E. coli, K. pneumoniae, P. aeruginosa, S. typhi) bacterial strains and fungal strain (C. albicans).

Extract and fractions

Ethanolic extract Chloroform fraction Ethyl acetate fraction n-Butanol fraction Aqueous fraction Amoxyclav (10 mg)/
Fluconazole (25 mg)

DMSO

B L B L B L B L B L

Zone of inhibition (mm)
B. subtilis 12.5 ± 0.6 11.5 ± 0.7 7.0 ± 0.5 6.0 ± 0.7 13.5 ± 0.7 12.5 ± 0.5 15.0 ± 0.7 13.5 ± 0.7 9.5 ± 0.5 8.0 ± 0.5 17.5 ± 0.6 6.0 ± 0
S. aureus 13.0 ± 0.6 14.5 ± 1.2 6.0 ± 0.6 6.0 ± 0.5 14.5 ± 1.5 15.5 ± 0.5 15.5 ± 0.7 16.5 ± 0.7 9.0 ± 1.0 7.5 ± 0.7 18.0 ± 0.7 6.0 ± 0
E. coli 12.5 ± 0.7 11.5 ± 0.6 6.0 ± 0.6 6.0 ± 0.7 13.0 ± 0.7 12.0 ± 1.5 15.0 ± 1.5 14.0 ± 0.5 8.5 ± 0.5 8.5 ± 0.7 20.5 ± 1.0 6.0 ± 0
K. pneumoniae 12.0 ± 1.2 11.0 ± 0.7 6.0 ± 0.6 6.0 ± 0.7 14.5 ± 0.7 13.5 ± 0.5 15.5 ± 0.7 15.0 ± 0.5 9.5 ± 1.0 7.5 ± 0.5 18.0 ± 0.7 6.0 ± 0
P. aeruginosa 13.5 ± 0.6 12.0 ± 0.6 6.0 ± 0.6 6.0 ± 0.7 13.5 ± 1.5 12.5 ± 0.5 15.0 ± 0.7 13.5 ± 0.7 9.0 ± 0.5 7.0 ± 1.0 21.5 ± 0.7 6.0 ± 0
S. typhi 12.5 ± 0.7 11.5 ± 0.7 6.0 ± 0.6 6.0 ± 0.7 14.0 ± 0.7 13.0 ± 0.5 15.0 ± 0.7 14.0 ± 0.7 9.0 ± 1.0 8.5 ± 0.5 18.5 ± 1.5 6.0 ± 0
C. albicans e e e e e e e e e e 15.0 ± 1.0 6.0 ± 0
MIC (mg/ml)
B. subtilis 6.3 12.5 12.5 25 1.6 1.6 0.4 0.8 12.5 25 0.3 e

S. aureus 3.1 6.3 25 12.5 1.6 0.8 0.4 0.2 25 12.5 0.08 e

E. coli 6.3 3.1 12.5 25 3.1 6.3 0.4 0.2 12.5 25 0.04 e

K. pneumoniae 3.1 6.3 12.5 12.5 1.6 3.1 0.8 1.6 12.5 12.5 0.08 e

P. aeruginosa 3.1 6.3 6.3 12.5 1.6 3.1 0.2 0.4 6.3 12.5 0.08 e

S. typhi 3.1 6.3 12.5 12.5 1.6 6.3 0.2 0.8 12.5 12.5 0.08 e
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K. pneumoniae, P. aeruginosa, S. typhi respectively. However, chlo-
roform faction did not showed antimicrobial potential in both bark
and leaves. This may be explained by the presence of higher
amount of phenolics and flavonoids in n-butanolic fraction as
compared to that of ethanol extracts and other fractions. The
antibacterial activity of T. arjuna were in agreement with study of
Aneja et al39 in which ethanolic extract of both bark and leaves
showed comparative antibacterial activity against S. aureus and
Acitenobacter sp. However, ethanolic extract and their fractions did
not exhibit any effect on the growth of C. albicans as shown by
Aneja et al39 and Sharma et al40 Both the positive controls-amox-
yclav and fluconazole showed greatest inhibitory activity against all
bacterial and fungal strain respectively, while DMSO alone had no
antibacterial/antifungal activity (Table 2).

3.4. In vitro antioxidant activity

The antioxidant potential was determined by various methods
such as DPPH radical scavenging assay, FRAP and NO scavenging
assay.

3.4.1. DPPH radical scavenging assay
Fig. 3 (A & B) shows a dose-response curve of DPPH radical

scavenging activity of the ethanolic extracts and its fractions of
T. arjuna bark and leaves in comparison to ascorbic acid. DPPH
Fig. 3. DPPH radical scavenging activity of ethanolic extract and its different fractions. % DP
ascorbic acid. The values represent mean ± S.D. of three independent experiments.
scavenging activity was found to be highest in n-butanolic fraction
of both bark and leaves extract (IC50-1.6 and 1.9 mg/ml, respectively)
as compared to that of ascorbic acid (IC50-2.0 mg/ml) and crude
ethanolic extract of bark (IC50-2.2mg/ml) and leaves (IC50-2.3mg/ml).
The least DPPH scavenging was observed in chloroform fraction of
bothbark and leaves (IC50-10.5 and7.0 mg/ml, respectively) (Table 3).
3.4.2. FRAP assay
The ethanolic extract and its fractions (ethyl acetate and n-

butanolic fraction) showed more FRAP activity as compared to that
of standard ascorbic acid (Fig. 4A and B). The IC50 values was found
to be lowest in n-butanolic fraction (20.7 and 32.5 mM Fe (II)
equivalents in bark and leaves, respectively) indicating its more
antioxidant activity as compared to that of standard ascorbic acid
(IC50-33.3 mMFe (II) equivalents) (Table 3). In case of bark, the order
of FRAP activity was n-butanol fraction [20.7 mM Fe (II)
equivalents] > crude ethanolic extract [24.4 mM Fe (II)
equivalents] > ethyl acetate fraction [25.8 mM Fe (II)
equivalents] > chloroform fraction [50.9 mM Fe (II)
equivalents]> aqueous fraction [62.0 mMFe (II) equivalents]. In case
of leaves, the order was n-butanol fraction [22.5 mM Fe (II)
equivalents] > crude ethanolic extract [29.1 mM Fe (II)
equivalents] > ethyl acetate fraction [43.7 mM Fe (II)
equivalents] > aqueous fraction [66.4 mM Fe (II)
equivalents] > chloroform fraction [73.1 mM Fe (II) equivalents].
PH activity was determined for bark extract (A) and leaves extract (B) of T. arjuna and



Table 3
IC50 values of ethanolic extract and its fractions of bark and leaves of T. arjuna.

Antioxidant assay Half maximal inhibitory concentration (IC50) (mg/ml)

Ascorbic acid Crude ethanolic extract Chloroform fraction Ethyl acetate fraction n-Butanol fraction Aqueous fraction

B L B L B L B L B L

DPPHa 5.1 4.9 5.8 26.3 17.5 7.2 5.7 4.1 4.8 10.3 11.8
FRAPb 40.8 28.2 29.3 50.0 53.1 25.8 44.7 21.0 28.9 62.7 69.8
NOc 5.6 3.9 3.7 6.0 7.1 3.9 4.0 3.3 3.2 6.4 6.0

a DPPH (2, 2-diphenyl-1-picrylhydrazyl) in mg/ml.
b Ferric Reducing Antioxidant Power assay (FRAP) in mM.
c Nitric oxide assay (NO) in mg/ml. Lower the value of IC50, more is antioxidant capacity.

Fig. 4. FRAP assay of ethanolic extract and its different fractions. FRAP assay was performed for bark extract (A) and leaves extract (B) of T. arjuna along with standard, ascorbic acid.
The values represent mean ± S.D. of three independent experiments.

Fig. 5. Nitric oxide (NO) scavenging assay of ethanolic extract and its different fractions. NO assay was performed for bark extract (A) and leaves extract (B) of T. arjuna. Ascorbic acid
was used as control. The values represent mean ± S.D. of three independent experiments.
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3.4.3. NO assay
The ethanolic extract and its different fractions of bark and

leaves showed inhibition of nitric oxide in a dose dependent
manner. However, highest NO scavenging activity was observed in
n-butanol fraction in both bark (IC50-3.3 mg/ml) and leaves extract
(IC50-3.1 mg/ml) in comparison to crude ethanolic extract of bark
(IC50-3.7 mg/ml) and leaves (IC50-3.6 mg/ml) and ascorbic acid (IC50-
6.7 mg/ml). Chloroform (IC50-6.0 mg/ml for bark and 7.1 mg/ml for
leaves) and aqueous fractions (IC50-4.6 mg/ml for bark and IC50-
5.6 mg/ml for leaves) showed comparatively less NO scavenging
activity (Table 3). However, ethanolic extract of leaves (IC50-3.1 mg/
ml) showed more NO scavenging activity than that of bark extract
(IC50-3.7 mg/ml) which is in agreement with study of Kumar et al36

(see Fig. 5).
4. Conclusions

Phenolic compounds or polyphenols are presently a major axis
of research, because they are considered to be powerful chain-
breaking antioxidants, anti-inflammatory, antibacterial, antiviral,
and anticancer therapeutics.41,42 Phenolic content present in the
plants are directly correlated with their antioxidant properties.43

Ambika et al44 found that gallic acid, apigenin, luteolin, quercetin,
epicatechin, ellagic acid and 1-O-b-galloyl glucose were the major
phenolics compounds which are responsible for the antioxidant
potential of leaves extract of T. arjuna. In the present study, anti-
microbial activity antioxidant activity of different solvent extracts
was compared in leaves and bark. The partition of the ethanolic
extract enhanced its antimicrobial and antioxidant potential
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specially in n-butanol fraction, indicating that the active principles
might be more concentrated in n-butanol as compared to all other
fractions. The total phenolic content was comparatively higher in
bark extract as compared to that of leaves. On the other hand,
flavonoid content was comparable in bark and leaves extracts.
These differences in total phenolic content may be due to varied
efficiency of the extracting solvents. Thus, the presence of high
phenolic and flavonoid content in the various fractions has
contributed directly to the antioxidant activity by neutralizing the
free radicals. Results obtained in the present study strongly suggest
that the polyphenols are important constituents of T. arjuna for the
antioxidants potential as well as antimicrobial activity. Chloroform
fraction as well as aqueous fraction showed negligible activity due
to lesser amounts of such compounds. Furthermore, the phyto-
chemical investigations may possibly bring new natural antioxi-
dants in foodstuff that might contribute excellent defence against
the oxidative damage to the cellular system. New bioactive com-
pounds may contribute to better antimicrobial activity. In conclu-
sion, antimicrobial and antioxidant potential of bark and leaves
extract were comparable. There was marginal increase in antimi-
crobial and antioxidant in some extracts for bark and leaves.
Therefore, the current study recommends the use of leaves of
T. arjuna as substitude of bark for antioxidant and antimicrobial
therapeutics.
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