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Medicinal plants are being used for the treatment of several ailments by the local tribes in Mizoram,
North East India. The present study was focused to analyze the antibacterial and antioxidant activities
of a widely used traditional medicinal plant, Blumea lanceolaria. Total phenol content was found to be
high in the ethanolic extract of leaf (33.91 mg GAE/g DW) in comparison to root and stem of the plant.
Reducing activity was measured by potassium ferricyanide reducing (FRAP) assay and found to be
highest in the methanolic extract of root (39.29 mg GAE/g DW). Methanolic extracts of root showed
highest reducing activity of superoxide dismutase (9.4 SOD units/ mg protein) and ascorbic acid
oxidase (1.52 ascorbic acid oxidase units/mg proteins). A positive correlation was obtained between
total phenol content and antioxidant activities of the extracts. The screening of the antibacterial activity
of different extracts was conducted by using agar well diffusion test against three human bacterial
pathogens. Ethanol extracts of stem, root and leaf showed promising results against Staphylococcus
aureus with high (10 to 12 mm) inhibition zone as compared to standard antibiotics (2 to 10 mm). This
study concludes that B. lanceolaria has high antioxidant and antibacterial activities and could be used
as a potent plant in the treatment of a variety of ailments.
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INTRODUCTION

Several new antibiotics are being produced annually by
pharmacological industries, whereas resistance to these
drugs by micro-organisms has also increased gradually.
The mortality rates in the hospitals are increasing due to
new infection caused by multi-drug resistant bacterial
strains (Cohen, 1992). Moreover, the use of synthetic
drugs can also have serious side-effects and are
ineffective for sustainable disease management (Sydney,
1980; Cunha, 2001). Hence, it is necessary to search the
Replacement of synthetic antimicrobials with natural

products that can inhibit the resistance mechanisms.
Plant extracts have great potential as antimicrobial
compounds and are being used for the treatment of in-
fections caused by resistant microbes (Silvia et al., 2013;
Nascimento et al., 2011). About 80% of world population
depends exclusively on plants for treating diseases (Khali
et al. 2007; Vermani and Garg, 2002). Phenolic
compounds improve the quality of plants by hindering oxi-
dative degradation of lipids. Phenols comprise the largest
group of plant secondary metabolites and have multiple
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biological effects, including antioxidant property. A
correlation between the antioxidant capacity and phenolic
content shows the importance of phenolic compounds
(Vega-Galvez et al., 2007; Wojdylo et al., 2007). Medici-
nal herbs contain diverse classes of compounds such as
polyphenols, tocophenols, alkaloids, tannins, carotenoids,
terpenoids, etc.. Flavanoids and phenolic acids are
particularly attractive as they are known to exhibit anticar-
cinogenic, antiviral, anti-inflammatory and antiallergic
properties (Khali et al.,, 2007; Kraus et al., 1981).
Antimicrobial compounds in plant extracts can lead to
novel drug discovery against infectious diseases (Salwa
etal., 2011).

Ethno-medicine has found a special place in lives of the
people living in rural Mizoram. Due to the topography of
the state, local people cannot avail all the modern
medical facilities (Sharma et al., 2001). Thus, majority of
the population is still following traditional methods of
treatment to cure various diseases by using medicinal
plants. B. lanceolaria (Roxb.) is a unique folkloric medi-
cinal plant used by the native of Mizoram and is found in
Thailand and Africa as well. A decoction of the leaves is
taken orally to treat stomach ulcers, dysentery and
wounds (Rai and Lalramnghinglova, 2010). More than 70
constituents have been isolated from the genus Blumea,
including flavonoids, monoterpenes, sesquiterpenes,
acetylenic thiophenes, triterpenoids, xanthenes,
diterpenes, and essential oils. Blumealactones A, B, and
C isolated from B. balsamifera exhibited antitumor
activities against Yoshida sarcoma cells in tissue culture
(Chen et al., 2009, Yasuo et al. 1988). Two acetylenic
thiophenes, 63 and 64, isolated from Begonia obliqua
showed antifungal activity against Epidermophyton
floccosum and Pleurotus ostreatus (Chen et al., 2009;
Ahmed and Alam, 1995). The essential oil of Blumea
lanceolaria (Roxb.) Druce was analyzed by Dung et al.,
(1991) and methyl thymol (95%) was found to be its main
constituent. As per the available literature, there is not
much experimental evidence with regard to antimicrobial
activities, total phenolic content, reducing activity and free
radical scavenging activities on B. lanceolaria.

The present study was undertaken to evaluate the
antimicrobial and antioxidant activities of different plants
parts of B. lanceolaria. This study also assesses the
correlation between in-vitro antioxidant activity of plant
extracts and their total phenolic content.

MATERIALS AND METHODS
Collection and preparation of samples

B. lanceolaria (Roxb.) was collected from Dampa Tiger Reserve
forest, Mamit district (23°42'N 92°26’E) of Mizoram in the month of
June, 2014. The fresh leaf, stem and root samples were washed
thoroughly 2 to 3 times with distilled water, cut into small pieces of 2
to 3 cm length using sterile blade and dried in hot air oven at 37°C
for 72 to 96 h. The dried plant materials were ground to fine powder
and stored in air tight dark bottles at room temperature. 10 g of
each plant materials were extracted by mixing with distilled water
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(100 ml), 60% methanol (100 ml) and 95% ethanol (100 ml) in a
waterbath at 40°C for 30 min. Extracts were filtered through
Whatman No.1 paper filter and collected. Ethanol and methanol
extracts were concentrated to dryness in a soxhlet apparatus at
60°C for 30 min and aqueous extracts were freeze dried. All
extracts were stored at 4°C until further analysis (Wijeratne et al.,
2006; Hatamnia et al., 2013).

Determination of antimicrobial activity
Strains and media

Three human pathogenic micro-organisms — S. aureus (MTCC 96),
Pseudomonas aeruginosa (MTCC 2453) and Escherichia coli
(MTCC 739) were collected from Microbial Type Culture Collection
(MTCC), Chandigarh, India and used to test the antimicrobial
activity of the plant extracts. All bacteria strains were grown in
Nutrient broth at 37°C.

Antibacterial assay of known antibiotics

The test bacteria from the stock cultures were spread on the
surface of the solidified Nutrient agar using sterile L spreader. After
drying the agar surface, antibiotic discs of streptomycin (10 ug),
tetracycline (30 pg), erythromycin (15 ug), chloramphenicol (30 ug),
norfloxacin (10 pg) (Hi Media, Mumbai, India) were placed on the
agar plate and incubated at 37°C for 24 h. Antibiotic sensitivity of
each bacterial pathogen was evaluated by measuring the inhibition
zone (mm) around each antibiotic disc.

Antimicrobial activity of plant extracts

Evaluation of the antibacterial activity of the crude ethanolic,
methanolic and aqueous extracts of B. lanceolaria parts was
determined by the agar well diffusion method of Silvia et al. (2013),
Shoba et al., (2014). Inoculum of the bacterial strains (108 CFU/ml)
was spread using sterile spreaders into 90 mm petri dishes with
Mueller—Hinton agar. Wells of 6 mm were cut with help of sterile
cork borer and filled with 50 pL of 30 mg/ml of solvent extracts.
Empty wells were used as negative control. The Petri dishes were
incubated for 3 h at room temperature for complete diffusion of the
samples (Das et al., 2010; Moller, 1966). After initial incubation
samples were incubated at 37 + 1°C for 24 h. Antibacterial activity
was evaluated by measuring the inhibition zone.

Estimation of total phenolic content

Preparation of standard solution

Gallic acid was used as the standard which represents the phenolic
compounds in the plant extracts. Aliquots of 0.25, 0.5, 1.0, 1.5, 2.0
and 2.5 ml from the Gallic acid stock solution (100 mg/ml) were
taken in 6 different 10 ml volumetric flask. To each flask, 2.5 ml of
1N Folin-Ciocalteu reagent and 2 ml of 20% sodium carbonate
were added. The mixture was allowed to stand for 15 min and the
volume was made up with water to get a concentration ranging from
2.5 to 25 pg/ml. The absorbance was measured at 760 nm against
reagent blank. A standard calibration curve was prepared by
plotting absorbance Vs concentration and it was found to be linear
over this concentration range (Singleton and Rossi, 1965).

Preparation of plant extracts

100 pl of extract was taken in a sterile test tube to which 900 pl of
double distilled water along with 500 ul of Folin Ciocalteau phenol
reagent were added. The sample was shaken continuously and
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Figure 1. Antibacterial activity of B. lanceolaria plant extracts against human pathogens.

incubated at room temperature for 10 min. Three ml of Sodium
carbonate (20% W/V) was added to the sample, mixed and
incubated for 10 min with addition of 10 ml of double distilled water.
Similar procedure was carried out for the rest of different extracts
with different temperature and time. The concentration of total
phenol in the test sample was determined by extrapolation of the
calibration curve (Singleton and Rossi, 1965).

Measurement of reducing activity

Ferric reducing activity of plant extracts was determined according
to Li et al. (2008). 1 ml of different extract solution was mixed with
2.5 ml potassium buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium
ferricyanide. The mixture was incubated at 50°C for 20 min. The
reaction was stopped by adding 2.5 ml trichloroacetic acid. Further,
2.5 ml of distilled water and 0.5 ml 0.1% of ferric chloride were
added and allowed to incubate for 30 min. at room temperature.
Absorbance was measured at 593 nm. The absorbance obtained
was expressed as gallic acid equivalent in mg per gm of dry weight
(GAE/g) using gallic acid standard curve (Rao et al., 2013).

Estimation of enzymatic antioxidants
Assay of superoxide dismutase

0.5 ml of plant extracts were mixed separately with 1 ml of 125 mM
sodium carbonate, 0.4 ml of 25 uM nitro blue tetrazolium (NBT) and
0.2 ml of 0.1 mM EDTA in a test tube. The reaction was initiated by
the addition of 0.4 ml of 1 mM Hydroxylamine hydrochloride in the
mixture. Absorbance was measured at 560 nm using
spectrophotometer (Agilent Technologies, cary 60, USA) at 5 min.
interval. SOD activity was expressed as units /mg protein and unit
of SOD was expressed as amount of enzyme required for inhibiting
the reduction of NBT by 50% (Beauchamp and Fedovich, 1976).

Assay of Ascorbic acid oxidase

0.1 ml of the plant extracts were added to 3 ml solution of ascorbic
acid (8.8 mg in 300 ml phosphate buffer, pH 5.6). The change in
absorbance was observed at 265 nm and measured at 30 s
intervals for 5 min. One enzyme unit was expressed as to 0.01 OD
change / minute/mg protein (Oberbacher and Vines, 1963).

Statistical analysis

All the experiments were performed statically in triplicate by using
Microsoft Excel XP 2007 and expressed as mean + SD (standard
deviation). The correlation between the antioxidant capacities and
total phenolic contents was analyzed using the simple linear
regression, and the correlation coefficient (R°) was calculated by
using statistical package for the social sciences (SPSS) software
version 16.0. ANOVA (analysis of variance, P < 0.05) was also
performed using SPSS statistical software package version 16.0.
Furthermore, the differences in means were contrasted using
Duncan’s new multiple range test following ANOVA.

RESULTS
Evaluation of antibacterial activity of plant extracts

The antimicrobial potential of the extracts of root, stem,
leaves of B. lanceolaria was compared based on their
zone of inhibition against the gram positive (S. aureus)
and gram negative bacteria (P. aeruginosa and E. coli).
Both ethanolic (12.1 mm £ 0.28) and methanolic (8.1 mm
+ 0.28) extracts of root showed the highest antibacterial
activity against S. aureus. Among gram negative
bacteria, ethanolic extract showed more inhibition
towards E. coli (8.1 mm % 0.28). Ethanol and methanol
extracts of leaf of B. lanceolaria showed the highest
antibacterial activity against S. aureus strain. Highest
zone of inhibition was achieved in case of ethanol extract
(12 mm £ 0.00). Among gram negative bacteria, ethanolic
extract of leaf showed more inhibition towards P.
aeruginosa (7 mm + 0.0) zone of inhibition. Methanolic
extract of leaf too showed more zone of inhibition towards
P. aeruginosa among gram negative bacteria (3.6 mm +
0.28). Methanolic extract did not show any inhibition
toward E. coli Figure 1. Ethanol and methanol extracts of
stem showed the same results as obtained with extracts
from leaf and root, showing highest antibacterial activity
against S. aureus. Highest zone of inhibition was achieved



Table 1. Antibacterial activity of B. lanceolaria against human pathogen.
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Extracts(mm) £ SD Antibiotics
Test organism Root Leaf Stem N T E c s
Met Eth DW Met Eth DW Met Eth DW
S. aureus 8.1+0.282 12.1+0.82 0.0+0.0 6.0+0.50@ 12.0+0.002 0.0+0.0 7.0£0.0@ 10.1+0.282 0.0+0.0 7.0+£0.02  10.1+0.282  3.0+0.02 8.1+0.282 2.1+ 0.28a
P. aeruginosa 4,0+0.0¢  6.0+050¢ 0.0+0.0 3.6£0.28"  7.0+0.0 0.0+0.0 0.0+0.0¢ 5.1+0.28"  0.0+0.0 4,0+0.50d 10.1+0.282 3.1+0.282  5.1+0.280d 2.0+0.02
E. coli 4,0+0.0c 81+0.28¢ 0.0+0.0 0.0£0.04  6.0+0.50¢ 0.0+0.0 6.0+0.5¢ 9.0+0.0c¢  0.0+0.0 5.1+0.28«  8.0+0.50"  0.0+0.0° 0.0+0.0c¢ 2.0+0.52

The values are the average of three replicates and are expressed as mean +S.D. Mean (+SD) followed by the same letter(s) in each column are not significantly different at P<0.05 using
Duncan’s new multiple range test. DW - Aqueous extract, Eth - Ethanol extracts, Met - Methanol extract, N- Norfloxcin, T- Tetracycline, E-Erythromycine, C- Chloramphenical, S- Streptomycin.

in case of ethanol (10.1 mm £ 0.28) and methanol
(7 mm £ 0.0) extracts. Among gram negative
bacteria, methanolic extract did not show any
inhibition toward P. aeruginosa. Ethanolic extract
showed inhibition towards P. aeruginosa with
inhibition zone of 5.1 mm + 0.28. Both ethanolic
and methanolic extracts showed more inhibition
towards E. coli (9 mm = 0.00 and 6 + 0.50 mm,
respectively) when it comes to gram negative
bacteria (Table 1). Aqueous extract from all plant
parts did not show any inhibition zone.

Antibiotic susceptibility test

Bacterial pathogens were tested for their antibiotic
sensitivity against five standard antibiotics. All
pathogens were found to be sensitive particularly
against tetracycline, showing highest zone of
inhibition (S. aureus — 10 mm, P. aeroginosa — 10
mm and E. coli — 8 mm). Norfloxin and
chloramphenicol were also found to inhibit most of
the pathogens. E. coli alone was found to be re-
sistant against chloramphenicol and erythromycin.
Streptomycin  showed inhibition against all
pathogenic bacteria but also exhibit least inhibition
zones (2 mm) for assessing susceptibility (Table 1).

Total phenolic content

The phenolic components were extracted from

leaf, stem and root by three different solvents viz.
water, methanol and ethanol. The total phenol
concentration was expressed as gallic acid
equivalent /g/dry wt. Phenolic contents ranged
from 21.4 to 33.9 mg gallic acid equivalent/g/dry
wt. Ethanol extracts of leaf showed the highest
amount of phenolic content (33.91mg/ml/gw) while
the lowest content was observed in aqueous
extract of stem (21.4 mg/ml/gw) (Table 2).

Measurement of reducing activity

In vitro antioxidant activity of the plant extract is
shown in (Table 2). Methanolic extract of root has
the highest reducing activity of 39.29 mg
equivalent to Gallic acid (GAE)/g while aqueous
extract of stem has least reducing activity of 20.58
mg GAE/g DW.

Correlation between antioxidant capacity and
total phenolic content

The correlation between antioxidant capacity and
total phenolic content of extracts of B. lanceolaria

is shown in Figure 2. There was a positive linear
correlation between antioxidant capacity and total
phenolic content with R?=0.63. This indicate
positive linear correlations between total phenolic
compounds and antioxidant capacity supported by

scatter diagram showing linear path diagonally
from bottom left hand corner to the top right. Cor-
relation was plotted by using SPSS 16.0 software.

Estimation of enzymatic antioxidants

Superoxide dismutase and ascorbic acid oxidase
are important antioxidant defense in plants.
Methanolic extract of root possessed highest SOD
and ascorbic acid oxidase activity with 9.4 SOD
units/ mg protein and 1.52 ascorbic acid oxidase
units/mg proteins as compared to other extracts
(Table 3). It is also evident from the tabulated
results that ethanolic, methanolic and aqueous
extracts of the roots have more SOD and ascorbic
acid oxidase activity than other parts. The least
activity was observed in aqueous extracts of all
the plant parts used in the study.

DISCUSSION

Resistance of bacteria to antimicrobials has be-
come a major concern to clinical and public health
sectors. New strategies for antibiotic discovery or
new alternatives to control bacterial infection by
evading fast become a major concern to clinical
and public health sectors. New strategies for
antibiotic discovery or new alternatives to control
bacterialinfectionbyevadingfastevolvingresistance
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Table 2. In vitro antioxidant activity and total phenolic content of B. lanceolaria plant extracts.

Total phenol Content

In vitro antioxidant activity - FRAP

Solvent Plant parts (mg GAE/g DW) method (mg GAE/g DW)
Stem 23.18+0.32° 29.00+0.02°
Methanol Root 31.40+0.14 39.29+0.05™
Leaf 29.2+0.18"%* 33.72+0.03"
Stem 21.40%0.14%%% 20.58+0.05"%°
Dist. water Root 31.60+0.12°%" 37.72+0.02°°"¢
Leaf 25.63+0.0124%k 31.86+0.15%M
Stem 23.9620.123¢Mkm 21.72+0.07P%e"k
Ethanol Root 22.67+0.012dMimo 25.58+0.25°¢Mkm
Leaf 33.91+0.02°¢™MP 31.1520.322Min

The values are the average of three replicates and are expressed as mean +S.D.
Mean (+SD) followed by the same letter(s) in each column are not significantly different at P<0.05 using

Duncan’s new multiple range test.

resistance are highly desirable. Plants are known to have
therapeutic values to treat various infections and
diseases for centuries. Plants can produce complex
mixtures of different compounds, some of which are
being reported to have high antimicrobial activity against
several important clinical pathogens (Vilas, 2013). The
antibacterial activity of the tested ethanol and methanol
extracts of different parts of B. lanceolaria was more
effective against the growth of Gram-positive compared
to the Gram-negative bacteria. Gram negative bacteria
have a lipopolysaccharide outer membrane through
which entry of molecules is achieved based on their size
and shapes. Most of the compounds present in aqueous
and methanolic extracts probably could not pass through
the outer membrane to reach their site of action resulting
in less inhibition (Fernandez-Agullo et al., 2013; Kavak et
al., 2010).

There was significant antibacterial activity in ethanol
extract of all the plant parts tested (Table 1). The zone of
inhibition measured with ethanolic extract of root and leaf
was highest against S. aureus which was more than any
of the known antibiotics used in this study. However,
tetracycline showed more inhibition compared to plant
extracts against gram negative bacteria. Though, B.
lanceolaria ethanol and methanol extracts were showing
significant inhibition of gram negative bacteria as
compared to few other antibiotics used in the present
study. Plants with high phenol content are important for
food industry as it can inhibit oxidative degradation of
lipid and improve the quality and nutritional value of food
(Kahkonen et al., 1999). The highest concentration of
phenol was found in ethanolic extracts of root. The
concentration of the phenolic compounds is controlled by
different factors like environment, development stage,
type of solvent used and the degree of polymerization of
phenolic (Fratianni et al., 2007; Fernandez-Agullo et al.,

2013). Phenolic compounds can stabilize and delocalize
the unpaired electron, chelate metal ions, protect against
microbial infections and act as a good source of
antioxidant (Kahkonen et al., 1999; Boo et al., 2012). In
vitro antioxidant activity of methanolic extracts of root B.
lanceoria has highest reducing activity, suggesting that B.
lanceoria extracts act as an electron donor which can
react with free radicals to stop the radical chain reaction
(Huda-Faujan et al., 2009).

Reactive oxygen species (ROS) can lead to many oxi-
dative damages causing degenerative diseases such as
atherosclerosis, heart diseases, aging and cancer (Finkel
and Holbrook, 2008; Madhavi et al., 1996). Medicinal
plants are considered to play a beneficial role in health
sector by curing and preventing various ailments and
diseases. The health promoting activities of antioxidants
from plants can be attributed to reduce the potential
effects of ROS. However, synthetic antioxidants such as
butylhydroxyanisole and butylhydroxytoluene needs to be
replaced with natural antioxidants as they also possess
potential health risks (Oyaizu, 1986; Safer and Al-
Nughamish, 1999; Li et al., 2008).

Therefore in today’s scenario, medicinal plants as a
resource of medicine has become more important where
oxidative stress is found to be one of the major causes of
health hazards (Padmaja et al., 2011). Enzymes such as
superoxide dismutase catalyze the dismutation of
superoxide (OZ') into oxygen and hydrogen peroxide.
Ascorbic acid oxidase is also an important enzyme often
regarded responsible for the first line of defense against
various oxidative stresses (Nicholas, 1996).

Conclusion

In the present study, methanolic extracts of root was
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Table 3. Enzymatic antioxidant activity of the B. lanceolaria medicinal plant extracts.

Solvent Plant parts SOD units/ mg protein Ascorbic acid oxidase units/ mg protein
Stem 8.2 +0.60° 1.05 + 0.04°
Methanol Root 9.4 +0.67™ 1.52 + 0.09%°
Leaf 7.6 + 0.56°% 0.091 + .01°
Stem 4.5+ (.21 0.65 + 0.05%
Dist. water Root 5.8 + 0.32°f 0.92 + 0.10%f
Leaf 3.3 + 0.14%Mk 0.88 + 0.06%
Stem 7.3 + 0.703eNIm 1.25 + 0.14%
Ethanol Root 8.5 + 0.p23Mimo 1.26 + 0.17%%f
Leaf 6.2 + 0.66>MP 0.98 + 0.08%

The values are the average of three replicates and are expressed as mean +S.D. Mean (+SD) followed by the same

letter(s) in each column are not significantly different at P<0.05 using Duncan’s new multiple range test.
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Figure 2. Correlation between FRAP values and total phenolic contents.

GAE: Gallic acid equivalents.

showing highest reducing, superoxide dismutase and
ascorbic acid oxidase activities indicating that roots of B.
lanceolaria are a rich source of antioxidants (Table 3).
Phenolic compounds such as flavonoids, tannins and
phenolic acids are known to contribute in antioxidant
capacities of plants (Cai et al., 2004). The correlation
coefficient (Rz) between FRAP values and total phenolic
contents for the different parts of medicinal plant extracts
was 0.63 (Figure 2). A positive linear correlation between
the antioxidant capacities and the total phenolic content
of B. lanceolaria extracts indicates that phenolic
compounds are major contributors of antioxidant activities

of the plant. This result was in concordance with previous
studies (Cai et al., 2004; Li et al., 2013). The findings of
the present study demonstrated the potential of B.
lanceolaria extracts as rich source of antioxidant and
significant antibacterial activity.
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