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ABSTRACT
Medicinal plants are a rich source of therapeutic compounds that have tremendous uses in the plearticat
industries. Anisomeles malabarica (L.) R. Br and Andrographis echioides (L.) Nees have been usaditiagal
medicinal plants for various ailmerst. The two plants extracts was subjected to various phytochemical, pharmacological
and microbiological studies. Antimicrobial activity was examined against four grapositive, four gramnegative
bacterial and two fungal strains. Methanolic leaves extrast®re prepared and evaluated for freedical scavenging
capacity and antioxidant activity using DPPH, ABTS, FRAP and reducing power assay. The methaneaberact of A.
echioides (L.) Nees was more effective antioxidant actigiynpared to standarddrugs. The extracts ofA. malabarica
(L.) R. Br and A. echioides (L.) Nees were the most effective extracts and showed a strong abiahianivity
compared to standard drugs. This study demonstrated that A. malabarica (L.) R. Br and A. echibijiBeés extracts
exhibit more potential for antimicrobial and antioxidant activity which may be useful for nutritiohand medicinal
values.
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INTRODUCTION

Medicinal plants have been traditionally used to treat human diseases for thousands of years because
they have a vast and diverse assortment of organic compounds that can produce a definite physiological
function on the human body. The most important of such compounds are alkaloids, tannins, flavonoids,
terpenoids, saponins and phenolic compounds [1. Many compod#s have been isolated from plants which
could be used for the development of new drugs to inhibit the growth of bacterial and fungal pathage
and to quench ROS with possibly novel mechanisms of action and low toxicity to the host cell [2]a&&e
oxygen species (ROS)/free radicals have been implicated in the causation of more than 100 diseases
including diabetes, inflammation, cancer, neurodegenerative disorders, atherosclerosis, liver cirrsis,
nephrotoxicity, etc., [35]. ROS are various forms of astaited oxygen such as superoxide anion radicals
(Ox) and hydroxyl radicals (OH), as well as norfree radicals species (KHO;) and singlet oxygen (@) [6].
Experimental, clinical and epidemiological studies have provided evidence in support of the roleROS in
the etiology of cancer [7]. All aerobic organisms including humans have antioxidant defense mechamss
that protect against oxidative damageHowever, the natural antioxidant defense mechanisms can be
insufficient and hence dietary intake of antioxidant components is important and recommended (8).
Herbal plants considered good antioxidants since ancient times [9]A. malabarica (L.) R.Bis amedicinal
plant that belongs to(Lamiaceae)family, is distributed in southern tropical and tropical regions of Asia
(10). Ethno botanically, the leaves of. malabarica(L.) R.Bhas been used in dyspepsia, intermittent fever
and colic. In Indian traditional medicine, the infusion of the leaves are used for stomach ache, cough, cold,
fever, epilepsy [11].A. malabarica(L.) R.Balso known to possess antifertility, antispasmodic, anticancer,
diuretic, antimicrobial and anticonvulsant activities [12]. A. eclivides (L.) Neeplants are growing mostly

in dry places, such as India, Sri Lanka and South Asian countries and exhibit diuretic [13], analy§s4],
anti-ulcer [15], hepatoprotective [16] and antioxidant [17,18] activities.Hence the present study has
designed to evaluate the antimicrobial and antioxidant activity of methanolic leaves extract OA.
malabarica (L.) R.Brand A. echioides (L.) Nedsy using DPPH, ABTS, FRAP and reducing power assay
methods.
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MATERIAL AND METHODS
Collection of plant materia |

The fresh plants of A. malabarica (L.) R.Br andA. echioides (L.) Neesas collected from Thanjavur
District, Tamil Nadu, India and taxonomically identified by the Rapinat Herbarium and center for
molecular systematic, St. Joseph's College (Autonomous), Tiruchirappalli, Tamil Nadu, Iid. collected
plants were further surface sterilized and it was shaded and driedOnce completely dried, the plant
leaves were ground using the electronic blender. Plant powder has been kept in a tight container ilint
required.

Preparation of plant extract

100-g of both plant powder was sulgcted to extraction by using a Soxhlet extractor. The extraction was
carried out in methanol. The extract was concentrated by a rotary vacuum evaporator and the left ove
solvent was evaporated to dryness using a water bath.

Determination of antioxidant ac tivity by using an in-vitro method

DPPHradical scavenging ability assay

The percentage of antioxidant activity of extracts was assessed by DPPH free radical scavengingyassa
The sample was reacted with the stable DPPH radical in methanol. 0.3 mM concation of DPPH
standard solution was prepared by dissolving 118.2 g of DPPH (idiphenyl-2-picrylhydrazyl) in 1000
mL of methanol. The sample stock solution was made by dissolving 0.01g in 1 mL of respective solwent
(100 mg/mL) and from that different concentration was prepared such as 10, 20, 30, 40 and 50 pg/mL.
One milliliter of each sample solution was mixed with two milliliters of DPPH reagent and stored andark
place and then allowed to react at room temperature for 30 minutes. When DPPH reacts withe
antioxidant compounds present in the plant extracts, reduces the DPPH and changes its color frompdee
violet to light yellow. After 30 minutes, the absorbance was recorded at 517 nm in W¥isible
spectrophotometry and the percentage of radical scavging activity i.e., antioxidant activity was
calculated by following the standard formula. Control reading was read by adding one milliliter oblwent
with two milliliters of DPPH reagent (19, 20).

Ab of control Ab of test
% of DPPH Scavenged = X
Ab of control

Ab of control= Control AbsorbanceAb of test Test solution Absorbance

100

The 1Go values were calculated by linear regression plots, where the abscissa represented the
concentration of the tested sample and the ordinate the average percent of radical scavengiogjvity.

ABTS (2, 2-azino-bis (3 -ethylbenzothiazoline -6-sulphonic acid)) radical scavenging assay

Free radical scavenging activity of plant samples was determined by ABTS radical cation decolorizati
assay. ABTS cation radical was produced by the reaction between 7 mM ABTS in water and 2.45 mM
potassium persulfate (1:1), stored in the dark at room temperature for 126 h before use. ABTS
solution was then diluted with methanol to obtain an absorbance of 00D at 734 nm. After the addition of
wJ " Zfe— t8-"f...—+ — ua{{w*solutionf té-absdrldance was measured at 30 minutes
after the initial mixing. An appropriate solvent blank was run in each assay. All the measurement sva
carried out at least three times. Percent inhibition of absorbance at 734 nm was calculated using the
formula. Trolox was used as a standard substance (21).

. . Abof control Ab of test
% of Scavenging Activity = Ab of control X

100

Ab of control= absorbance of ABTS radical + medimol, Ab of test absorbance of ABTS radical + sample
extract/standard.

The 1Go values were calculated by linear regression plots, where the abscissa represented the
concentration of the tested sample and the ordinate the average percent of radical scavenging agtivi
FRAP (Ferric Reducing/Antioxidant Power) ASSAY

The stock solutiors included 300 mM acetate buffer (3.1 g-8:NaG. 3HO and 16 mL eHs0,), pH 3.6,
10 mM TPTZ (2, 4, @ripyridyl -s-triazine) solution in 40 mM HCI and 20 mM Feg@bH,O solution. The
fresh working solution was prepared by mixing 25 mL acetate buffe.5 mL TPTZ solution and 2.5 mL
FeCt. 6H:0 solution and then it was warmed at 3PC. Different concentration of extracts (0.15 mL) was
allowed to react with 2.80 mL of the FRAP solution for 30 minutes in the dark condition. Readingstbé
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colored product (ferrous tripyridyl triazine complex) was taken at 593 nm. Trolox was used as a standard
substance (22).

Reducing power assay

Various concentrations of the extracts in corresponding solvents were mixed with phosphate buffer.&
mL) and potassium ferrcyanide (2.5 mL). This mixture was kept at 50C in a water bath for 20 minutes.
After cooling, 2.5 mL of 10% trichloro acetic acid was added and centrifuged at 3000 rpm for 10 mtes
whenever necessary. The upper layer of solution (2.5 mL) was mixed withistilled water (2.5 mL) and a
freshly prepared ferric chloride solution (0.5 mL). The absorbance was measured at 700 nm. Contkals
prepared similarly excluding samples. Various concentrations of ascorbic acid has used as standard.
Increased absorbaie of the reaction mixture indicates an increase in reducing power activity28].
Determination of anti -microbial activity

The in vitro antimicrobial activity of the methanolic leaves extract ofA. malabarica (L.) R. Band A.
echioides (L.) Neés assessd by various assays towards pathogenic bacteria and fungi. The bacteria
include both Grampositive and Gramnegative bacteria such astaphylococcus aureus, Bacillus subtilis,
Enterococcus faecalis, Streptococcus epidermidiad E. coli, Pseudomonas aerugisa, Klebsiella
pneumoniae, Salmonella typhandfungi Aspergillus nigerand Candida albicansBacterial strain was
maintained on Nutrient agar slants (Hi media) at 4C. The inhibitory action was observed in terms of the
diameter of the inhibition zone formed around each disc caused by the disc diffusion of antimicrobial
substances from the paper discs into the surrounding medium. The plant extracts have the maximum
antimicrobial activity. The diameter of the inhibition zone for each extract against eacmicroorganism
was found to be less than the standard antibiotic drug (Gentamicin 10 pg/disc).

RESULTS

Free radical -scavenging ability by the DPPH assay

The DPPH is a stable radical with maximum absorption at 517 nm that can readily undergo scavengigg b
antioxidants [24]. It has been widely used to test the ability of compounds as freadical scavengers
hydrogen donors and to evaluate the antoxidative activity of plant extracts [25, 26]. Lower the |6 value
greater than its antioxidant activity. Theanti-radical activity of the tested plant extracts were measured
by the ability to scavenge DPPH free radicals and compared with standard in BigThe methanolic leaves
extract of A. echioides (L.) Neafiowed significant antioxidant activity. The better antioxidant activity of
the A. echioides (LI)Needeaves extracts may be associated with higher phenolic compounds present in
the leaves extracts.

Sample Concentration { ug/mL) with respective % of Inhbition

120
100 A. malabarica
20 ——  mA. echioides
50 | Standard
0 —mm— _— | | |
20 — — — — —

0 T T T T 1

10 20 30 40 50
Fig-1: DPPHradical scavenging activity of the extracts

Free radical -scavenging ability by the ABTSassay

The working mechanism of the ABTS method for the evaluation of antioxidant activity is the same hatt

of the DPPH method but the ABTS method is more reliable than the DPPH method, due to the soluldfity
the ABTS reagent in both aqueous and organisolvents and rapid reaction with lipophilic as well as
hydrophilic antioxidant species as compared to DPPH (27, 28). ABTS is a protonated radical that &as
characteristic maximum at 734 nm, which decreases with the scavenging of proton radicals. The
prominent scavenging activity is observed while increasing the concentration of the plant extract. The
methanolic leaves extractof A. malabarica (L.) R. BandA. echioides (L.) Nesbhow moderate ABTS
radical scavenging activity compared to standard drug {®lox) in Fig-2.
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Sample Concentration { ug/mL) with respective % of Inhbition
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Fig-2: ABTS radical scavenging activity of the extracts

Free radical -scavenging ability by the FRAP assay

The FRAP assay assesses an antioxidant reducing capacity by converting a ferric tripyridyltriazifes¢-

TPTZ) complex to acolored ferrous tripyridyltriazine (Fe 2+-TPTZ) complex £9). Generally, the reducing
abilities are related to the presence of compounds that exert their action by breaking the free radi

chain by donating a hydrogen atom [30]Therefore the antioxidant potential of different concentrations

of A. malabarica (L.) R. Br and A. echioides (L.) Neeseaves exhibit moderate power reducing activity
compared to the standard drug (Trolox) in Fig3.

Sample Concentration [ pug/mL) with respective % of Inhbition

60
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Fig-3: FRAP (Ferric Reducing/Antioxidant Power) assay of the ex tracts.

Free radical -scavenging ability by the Reducing power assay

The reducing power activity of A. malabarica (L.) R. Br and A. echioides (L.) Neeseaves extract
exhibited better activity when increasing the concentrations of the plant extractdncreasing absorbance
at 700nm indicated an increase in reductive ability. The tested plant extracts showed good reducing
power activity that is compared with standard drug (Ascorbic acid) in Fig}.

Sample Concentration ( pg/ml) with respective % of Inhbition
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Fig-4: Reducing power activity of the extracts
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ICso value of different radical scavenging tests (DPPH, ABTS, FRAP and Reducing power)

In this study, the antioxidant activity of the plant extracts are evaluated using four different aggs (DPPH,
ABTS, FRAP and Reducing power). The obtained results summadiza Tablel revealed that for the
DPPH method, the lowest 1§ values corresponding to the most antioxidant substances are found for the
plant extracts.Hence the higher activity shows the relation between abundant quantities of phenolic and
flavonoids. For instance,A. malabarica (L.) R. Br and A. echioides (L.) Neethanolic leaves extract plays
a significant role in DPPH radical scavenging activity $¢values 0f24.53 pg/mL and 15.07 pg/mL.

Table-1: Percentage inhibitory concentration (  1Cse) values of A. malabarica (L.) R.Br and A.
echioides (L.) Nees.

I1Cso Value pg/mL
S- No Extract Name DPPH | ABTS | FRAF | Reducing power
1 A. malabarica (L.) R. E| 24.53 | 85.34 | 64.16 49.07
2 A.echioides (L.) Ne 15.07 | 104.54 | 52.53 192.72
3 Standarc 24.36 | 32.67 | 42.11 49.75

Antimicrobial activity

The present study showed that the two plants extractA. malabarica (L.) R. Band A. echioides (L.) Negs
are displayed antimicrobial activities against all the ten pathogens tested. Evaluation of antimidial
activities of these plant extracts are presented iiTable-2, 3. Fig5, 6). The tested plant extracts is
potentially effective against grampositive, gram-negative bacteria and fungi. When the two crude
extracts are compared with standard antibiotic (Gentamicin).The plant extracts showed varying degreé
antimicrobial potential due to different concentrations.

Table-2: Antimicrobial activity of A.malabarica (L.) R. Br

Inhibition values in mm
S. No Name of organisms 25puL | 50uL | 75uL | 100pL | Control
1 Bacillus subtilis 16 20 22 26 20
2 Staphylococcus aurel 14 16 19 22 20
3 Enterococcus faecal 10 12 14 16 18
4 Streptococcus epidermid 14 16 18 20 20
5 Escherichia co 14 17 20 24 20
6 Pseudomonas aerugino 14 16 18 20 20
7 Klebsiella pneumoni 16 20 24 28 20
8 Salmonella typh 14 16 19 21 18
9 Candida albican 12 14 16 18 20
10 Aspergillus nige 16 18 20 22 20

Table-3: Antimicrobial activity of A. echioides (L.) Nees

Name of organisms Inhibition values in mm
S. No 25puL | 50 L | 75puL | 100 pyL | Control
1 Bacillus subtilic 20 23 26 30 20
2 Staphylococcus aurel 20 23 26 28 20
3 Enterococcus faecal 20 24 26 29 18
4 Streptococcus epidermid 18 22 24 26 20
5 Escherichia co 20 24 26 28 20
6 Pseudomonas aerugino 20 24 27 30 20
7 Klebsiella pneumoni 20 22 24 27 18
8 Salmonella typh 18 21 23 26 20
9 Candida albican 20 24 26 29 20
10 Aspergillusniger 20 25 30 35 22
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Fig-6: Antimicrobial activity of A. echioides (L.) Needeaves extract
DISCUSSION
Antioxidant activity
In this study, methanolic extracts from two plants have been evaluated for their antioxidant actiyit The
antioxidant activity of the extracts is evaluated based on their ability to trap DPPH radicals. DPBtable
free radical method is a sensitive wayd determine the antioxidant activity of plant extracts (31, 32).
Free radicals are involved in many disorders like neurodegenerative diseases, cancer and AIDS.
Antioxidants are due to their scavenging activity and are useful for the management of diseade®PH is a
stable free radical and can accept an electron or hydrogen radical to become a stable diamagnetic
molecule. Two plant extracts test inhibited the DPPH radical but, in different manners. This resploved
that the extracts are capable of donatig an electron that could react with DPPH radical. The variation are
observed between the scavenging activities of the same extracts depends on the concentration of the
plant extracts. The extract ofA. echioides (L.) Nedmve the lowest 1Gy (15.07 pg/mL) followed by the A.
malabarica (L.) R. Brextract (24.53 pg/mL) and the standard is (24.36 pug/mL), demonstrating that.
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echioides (L.) Neelsas the greatest scavenging activity. Plant extracts are made of a mixture of several
scavenging compounds whichcould act in a synergetic manner to enhance the antiradical activity.
Moreover, the antiradical activity of the extracts to trap DPPH radicals depends on the availabilaynd the
ability of these extracts to give electrons (33). The scavenging activity ektracts of A. malabarica (L.) R.
Br and A. echioides (L.) Neemgainst ABTS radicals in a concentration dependent manner. Comparable
scavenging activity is observed between the extract and the standard drug. Thesd@alues of the
standard drug is 32.67 g/mL, respectively while A. malabarica (L.) R.Bwas85.34 pg/mL andA. echioides
(L.) Neesis104.54 pg/mL. This observation indicates the strong antioxidant potential of the extracts
which is confirmed with ABTS radicals (34, 35). ThERAP assayneasures he reducing potential of an
antioxidant reacting with a ferric tripyridyltriazine (Fe 3+-TPTZ) complex and produces a colored ferrous
tripyridyltriazine (Fe 2*-TPTZ) (29). Generally, the reducing properties are linked with the presence of
compounds that exet their action by breaking the free radical chain by donating Aydrogen atom(30).
The absorbance ofA. malabarica (L.) R. Band A. echioides (L.) Neéscreased, due to the formation of the
Fe+-TPTZ complex with increasing concentration as seen also the reference antioxidant. Hence the
plant extracts are able to donate electrons to free radicals stable in the actual biological systeriihie
methanolic leaves extract ofA. malabarica (L.) R. Band A. echioides (L.) Neewe a considerable
antioxidant effect in ABTS assays. The reference antioxidant is (42.11 pg/mL) with higher scavenging
activity at all the tested concentrations. Since the reducing power activity of the plant extractwad serve

as a significant indicator of the antioxidant potetial. This property has assessed by measuring the ability
of the extracts to transform Fé&+ to Fe* and to donate an electron. At 49.07 ug/mL, the extract d&.
malabarica (L.) R. Bieaves showed the highest reducing activity and. echioides (L.) Neés lower than
the standard. The ability of the extracts to reduce Fecould be attributed either to the reducing agents
such as phenol groups and the number and the position of the hydroxyl molecule on these groups (36).
Plants polyphenols act as reducinggents and antioxidants by the hydrogen donating property of their
hydroxyl group (37). Hence, these polyphenols may be responsible for the observed antioxidant inghi
study. The tested plant extracts showed higher antioxidant activity in the entire assawith the
expectation of the DPPH assay having higher activity at all the tested concentrations.

Antimicrobial activity

In this present study, two plants extracts are investigated to evaluate their antimicrobial activitggainst
four gram-positive (B. subtilis, S. aureus, E. faecalis, S. epideridisd four gramnegative E. coli, S.
typhi, P. aeruginosa, K. pneumonia bacterial and two fungal C. albicans, A. nigestrains using disc
diffusion method. The results revealed that two plant extracts are potentially effective in suppressing
microbial growth of bacteria and fungi with variable potency and the results are compared to standar
drug (Gentamicin). Methanolicleaves extract ofA. malabarica (L.) R. Bs found to be potentially effective
against grampositive (B. subtilis, S. aureugram-negative (K. pneumonia, E. colacteriaand fungi A.
niger). Results showed thatcrude methanolic leaves extract &. echdides (L.) Neebas potential against
all tested grampositive, gram-negative bacterial and fungi strains. These antimicrobial actions could be
related to their chemical components in the crude extract (38). Therefore, the conspicuous antimidial
activity exhibited by methanolic extract in the present study may be attributed to the presence of
phenolic compounds.

CONCLUSION

The methanolic leaves extract oA. malabarica (L.) R. Band A. echioides (L.) Neesntains natural active

phytochemical componats that possess significant antioxidant potential which is relatively equal to
synthesized antioxidants. The results of this study clearly promise for the development of novel dru
molecules. A. malabarica (L.) R. Band A. echioides (L.) Neasethanolic leaves extract showed better
inhibitory antimicrobial activity against all the tested pathogenic clinical bacterial and fungal sains. The

antimicrobial activity results are also comparable to that of the antibiotic used as a standard reémce

drug. In vitro antimicrobial evaluation of secondary metabolite products ofA. malabarica (L.) R. Band A.

echioides (L.) Needorms a primary platform for further pharmacological investigation for the

development of new potential antimicrobial compounds.
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