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Objective: To investigate the phytochemical, antibacterial, antifungal and anticandidal activity of
successive extracts of Crossandra infundibuliformis (Acanthaceae) leaves. Methods: Preliminary
screening on the presence of alkaloids, saponins, phytosterols, phenolic compounds, flavanoids,
tannins, carbohydrates, terpenoids, oils and fats were carried out by phytochemical analysis. The
antibacterial, antifungal and anticandidal activities were done by agar well diffusion technique.
Results: The successive extracts have an array of chemical constituents and the MIC values of

Keywords: antibacterial activity ranges from 0.007 8 to 0.015 0 ¢ g/mL. In case of antifungal and anticandidal
Acanthaceae activities the MIC values were between 0.125 and 0.250 ¢+ g/mL. Conclusions: These findings
Antimicrobial demonstrate that the leaf extracts of C. infundibuliformis presents excellent antimicrobial

Crossandra infundibuliformis

activities and thus have great potential as a source for natural health care products.

1. Introduction

Over the last few decades, the incidence of opportunistic
infections in patients treated with immunosuppressive drugs
or intensive chemotherapy is increasing at an alarming
ratell]. Resistance to antibiotics is a major problem in the
management of infections caused by microbes. Several new
strategies to control such infections have been considered
in recent years. These include the use of antibiotic
combinations, the development of new members of existing
antibiotic classes and the introduction of novel agents(2.31.

The increase in microbial resistance to classical drugs,
their toxicity, and the treatment cost justify the search for
new strategies. As a result, antibiotics are playing a major
role in health care and thus screening of traditional plants
for discovery of novel drugs is now important.

Higher plants, which are able to do photosynthesis,
produce hundreds to thousands of diverse chemical
compounds with different biological activitiesl4]. It
is believed that these compounds have an important
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ecological role. They can work as pollinator attractants
and as chemical defenses against insects, herbivores and
microorganisms|sl.

These antimicrobial compounds produced by plants
are active against plant and human pathogenic
microorganismsl6l. There are several reports in the literature
regarding the antimicrobial activity of plant crude extracts
and the bioassay—guided fractionation of those extracts that
yielded active principlesl7-111. Many infectious diseases are
known to be treated with herbal remedies throughout the
history of mankind. Even today, plant materials continue
to play a major role in primary health care as therapeutic
remedies in many developing countries[12]. There is a
continuous and urgent need to discover new antimicrobial
compounds with diverse chemical structures and novel
mechanisms of action for new and re—emerging infectious
diseasesl13l. Therefore, researchers are increasingly turning
their attention to folk medicine looking for new leads to
develop better drugs against micro—organism infections(6.14l.

Crossandra infundibuliformis (C. infundibuliformis), an
ornamental plant, is marketed as such. The species is often
grown to beautify kitchen gardens as it is small in size and
sports attractive flowers(15]. Thus, we are excited to learn
from literature and also from folkl16-22], the medicinal
uses of C. infundibuliformis. In continuation of our work
in medicinal plants|23-25], the present study was initiated
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with preliminary work relative to its pharmacological,
phytochemical studies which are presented in this paper.
Hence forth, antibacterial, antifungal and anticandidal
activities of successive extracts of C. infundibuliformis have
been reported here. The plant extracts were assessed for
antibacterial activity against 23 bacterial strains, antifungal
activity against 4 fungal organisms and anticandidal activity
against 2 candidal strains, thus providing a preliminary

screening assessment.

2. Materials and methods

Chemicals and solvents were procured from SD Fine
of analytical grade. All other reagents were purchased
from Hi—Media. Ethnobotanical reviews of plant species
were carried out and the plant species were selected
for analysis. The leaves of C. infundibuliformis were
obtained from the Vellore District, Tamil Nadu. The plant
specimens were prepared and authenticated in Botanical
Survey of India (No: BSI/SC/5/23/09-10/Tech.-1718) and
a herbarium is stored in the Pharmaceutical Chemistry
division, VIT University for future references. Once the
leaves are harvested, they were cleaned, air—dried and
stored at 0-4 C.

The microorganisms used in this study were obtained from
Christian Medical College, Vellore District, Tamil Nadu.
The bacterial strains used for the study are Bacillus brevis
(Ia), Bacillus circulans (Ib), Bacillus firmus (Ic), Bacillus
coagulans (1d), Blicheis formis (le), Blicheis megaterium (If),
Blicheis sterothermophilus (Ig), Clostridium autobotylicum
(Th), Klebsilla pneumonia (1), Bacillus cerus (1j), Bacillus
pumilus (Ik), Bacillus substilis (1), Enterobacter aerogenes (Im),
Escherichia coli 2810 (In), Escherichia coli 2809 (lo) Proteus
mirabilis (Ip), Staphylococcus aureus (1q), Staphylococcus
epidermis (Ir), Strepococct facealis (Is), Streptococcus
pyogenes (It), Citrobacter frendil (lu), Proteus vulgaris (Iv) and
Pseudomonas aeruginosa(Iw). The fungus and Candida used
were Aspergillus niger (1a), Aspergillus flavus (Ib), Aspergillus
Jumigatus (Ile), Pencillium chrysogenum (1ld), Candida
kruseii (Ila) and Candida gullirmondi (11Ib). The microbial
isolates were subcultured and prepared for assessment
of plant extract activity. Rifampicin and amphotericin B
were used as positive control for antibacterial, antifungal
and anticandidal activities. The negative control used is
dimethyl sulfoxide (DMSO).

The air—dried leaves of C. infundibuliformis (100 g) were
extracted with petroleum ether (A), ethyl acetate (B) and
methanol (C) in Soxhlet apparatus for 15 to 20 h using 500-
800 mL of solvent. The extracts were concentrated by
rotator evaporator and stored in refrigetor below 20 °C.

2.1. Preliminary phytochemical screening

Preliminary screening for the presence of alkaloids,

193

saponins, phytosterols, phenolic compounds, flavanoids,
tannins, carbohydrates, terpenoids, oils and fats was carried
out by the reported protocoli26].

2.2. Minimum inhibitory concentration (MIC)

2.2.1. In vitro antibacterial activity

The extracts of petroleum ether, ethyl acetate and
methanol were evaluated for their antibacterial activity
against pathogenic bacteria. The agar diffusion method was
performed using Muller—Hinton agar (Hi-Media) medium.
Suspension of each microorganism was prepared and
applied to plates with serially diluted compounds (DMSO,
solvent control) to be tested and incubated for 20 h at 37 °C .
The compounds were tested at concentrations ranging
from 0.015 0 to 0.007 8 £ g/mL. Rifampicin was used
as a reference standard. The bacterial strains that
were used are B. brevis (la), B. circulans (Ib), B. firmus
(Ie), B. coagulans (I1d), B. formis (le), B. megaterium
(If), B. sterothermophilus (Ig), C. autobotylicum (Ih), K.
pneumonia (i), B. cerus (Ij), B. pumilus (Ik), B. substilis
(1), E. aerogenes (Im), E. coli 2810 (In), E. coli 2809 (lo)
P. mirabilis (Ip), S. aureus (Iq), S. epidermis (Ir), S. facealis
(Is), S. pyogenes (), C. frendil (lu), P. vulgaris (Iv) and P.
aeruginosa(lw).

2.2.2. In vitro antifungal and anticandidal activity

The extracts were evaluated for their in vitro antifungal and
anticandidal activity against pathogenic fungi using agar
diffusion method with Saburoud’s dextrose agar (Hi-Media).
Suspension of each fungus were prepared and applied to
agar plates with serially diluted compounds to be tested.
The compounds were tested at concentrations ranging from
0.015 0 to 0.007 8 ¢ g/mL. Amphotericin B was used as a
reference standard. The plates were incubated at 26 °C for
72 h and MIC was determined. The fungus strains A. niger
(ITa), A. flavus (1Ib), A. fumigatus (lc), P. chrysogenum (11d),
C. kruseii (Ila) and C. gullirmondi (I11b) were used for the
study.

3. Results

In the present investigation, preliminary phytochemical
screening has been done for petroleum ether (A), ethyl
acetate (B) and methanol (C) extracts for the presence
of phytochemical constituents namely alkaloids,
carbohydrates, saponins, proteins, tannins, flavanoids,
oils, fats, phytosterols, and terpenoids which are tabulated
in Table 1. The results of antibacterial activity evaluation
of the successive extracts of C. infundibuliformis are
presented in Table 2. The results of antifungal and
anticandidal assay for the crude extracts were tabulated in

Table 3.
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Table 1
Summary of preliminary phytochemical analysis of crude extracts,
A-C.

Tests A B C
Alkaloids - +
Carbohydrates — — —
Saponins -

+

Phenolics & Tannins +
Flavanoids +
Oils & Fats
Phytosterols + + -

+ = =

Terpenoids

A = Petroleum ether extract, B = Ethylacetate extract, C = Methanol
extract. (+) = presence of compound, (=) = absence of compound.

Table 2
Antibacterial activity: MIC of crude extracts, A—C (g/mL).
. Successive extracts S1
Organisms
A B C
la 0.1250 0.0150 0.062 0 0.031
Ib 0.062 0 0.062 0 0.0310 0.031
Ie 0.1250 0.500 0 0.500 0 0.125
Id 0.062 0 0.2500 0.0310 0.031
le 0.007 8 0.2500 0.007 8 0.031
If 0.007 8 0.0150 0.0310 0.031
Ig 0.0150 0.0310 0.0310 0.031
Th 0.0620 0.007 8 0.0310 0.031
i 0.1250 2.0000 0.500 0 0.031
I 0.0150 0.500 0 0.2500 0.125
Ik 0.500 0 0.1250 0.007 8 0.031
1l 0.062 0 0.062 0 0.007 8 0.031
Im 0.500 0 1.000 0 0.500 0 0.031
In 0.1250 1.000 0 0.1250 0.031
Io 0.0310 0.500 0 0.500 0 0.031
Ip 0.0310 0.500 0 0.500 0 0.031
Iq 0.2500 0.0150 0.500 0 0.125
Ir 0.1250 2.0000 0.500 0 0.031
Is 0.500 0 2.0000 0.1250 0.125
It 0.007 8 1.000 0 0.1250 0.125
Iu 0.2500 0.2500 0.1250 0.125
Iv 0.500 0 0.062 0 0.2500 0.031
Tw 0.2500 0.1250 0.2500 0.125

S1= Rifampicin (Standard drug).

Table 3
Antifungal and anticandidal activity: MIC of crude extracts, A—C (g/mL).
. Successive exiracts S2
Organisms
A B C

Ia 0.250 0.125 0.125 0.125
Ta 0.125 0.125 0.125 0.125
Tle 0.250 0.500 0.125 0.125
1Id 0.250 0.125 0.062 0.125
Ila 0.125 0.125 0.125 0.125
11Th - - - 0.125

A = Petroleum ether extract, B = Ethylacetate extract, C = Methanol
extract. S2 = Amphotericin B (Standard drug).
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4. Discussion

The presence of phenolics, tannins and flavanoids were
observed in all extracts in Table 1. Alkaloids are present in
the ethyl acetate (B) and methanol extracts (C). Phytosterols
are present only in petroleum ether (A) and ethyl acetate
extracts (B). The over all results of phytochemical analysis
is presented. The crude extracts from plants are always
a mixture of active and non-active compounds. MIC of
less than 100 mg/L. has suggested as a good antimicrobial
activity. The extracts showed a strong antibacterial activity
which was remarkably shown in inhibition of growth of
bacteria. The petroleum ether extract (A) have a high degree
of activity against Blicheis formis (le), Blicheis megaterium
(If), Blicheis sterothermophilus (1g), Bacillus cereus (Ij),
and Strepococcus pyrogenes (It) with minimum inhibitory
concentration range between 0.015 0 to 0.007 8 ¢ g/mL and
when compared to standard drug MIC value of petroleum
ether extract have been effectively very less. The usage of
ethyl acetate extract (B) has demonstrated significant levels
of inhibition against only two organism such as Clostridium
autobotylicum (Ih), and Staphylococcus aureus (1q) at 0.0078
and 0.015 ¢ g/mL, when compared with standard which
showed inhibition at 3.1 ¢t g/mL. The methanol extract (C)
showed relatively high level of inhibition against Bacillus
pumilus (1k), and Bacillus substilis (I1) with MIC value of
0.007 8 ¢ g/mL.

Petroleum ether extract (A) has a good degree of inhibition
against Bacillus firmus (Ic), Escherichia coli 2809 (lo)
Proteus mirabilis (Ip) when compared to the standard drug. Ethyl
acetate extract (B) showed remarkable potential against
Pseudomonas aeruginosa (Iw) with that of standard. Methanol
extract (C) has a promising potential against Bacillus
circulans (Ib), Bacillus coagulans (1d), Citrobacter frendil (lu).

Bacteria’s, Klebsilla pneumonia (1), Enterobacter aerogenes
(Im), Escherichia coli 2810 (In), Staphylococcus epidermis
(Ir), Strepococci facealis (Is), Citrobacter frendil (), Proteus
vulgaris (Iv) have very feeble inhibition against extracts A, B
and C when compared to standard drug.

With reference to antifungal activity, Petroleum ether
extract (A) has a very high degree of inhibition against
panel of fungal organisms. Whereas, ethyl acetate extract
(B) showed a remarkable activity against A. niger (ITa), and
P. chrysogenum (I1d), and the extract has moderate activity
against the other two organisms such as A. flavus (11b), and
A. fumigatus (Ilc). The methanol extract (C) was noted to
have very feeble inhibition against all organisms expect P.
chrysogenum (I1d). When compared to standard all extracts
A, B and C exhibits moderate inhibition.

In case of anticandidal activity, ethyl acetate extract (B) has
recorded a good inhibition than petroleum ether extract (A)
and methanol extract (C) against C. kruseii (Illa) but in case
of C. gullirmondi (11Ib) all the extracts were inactive.

In conclusion, based on the present study it can be
summarized that crude extracts from dried leaves of C.
infundibuliformis, were having good antibacterial activity
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against all the bacterial strains tested. The MIC values of
extracts are found to vary for the bacterial strains and it is
observed that MIC values are much lower than the standard
drug. The extracts were showing promising results in case
of antifungal activity. The extracts showed a moderate
inhibition against the candidal strains.

The present study indicated that C. infundibuliformis
possess a good antibacterial, antifungal and anticandidal
activities. Thus, the results prompted us for further
fractionation and identification of bioactive compound
would promote an antibiotic drug. The future studies will
be focused on antioxidant property and characterization of
active components in all three extracts.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

The authors are thankful to the VIT University management
for their generous support and facilities.

References

[1] Saad A, Fadli M, Bouaziz M, Benharref A, Mezrioui NE,
Hassani L. Anticandidal activity of the essential oils of Thymus
maroccanus and Thymus broussonetii and their synergism with
amphotericin B and fluconazol. Phytomed 2010; 13: 1057-1060.

[2] Gootz TD. The forgotten gram—negative bacilli: What genetic
determinants are telling us about the spread of antibiotic
resistance. Biochem Pharmacol 2006; 71: 1073-1084.

[3] Appelbaum PC. Jacobs Recently approved and investigational
antibiotics for treatment of severe infections caused by gram—
positive bacteria. Curr Opin Microbiol 2005; 8: 510-517.

[4] Gurib—Fakim A. Medicinal plants: Traditions of yesterday and
drugs of tomorrow. Mol A Med 2006; 27: 1-93.

[S] Dicke M, Loon JJAV, Soler R. Chemical complexity of volatiles
from plants induced by multiple attack. Nat Chem Biol 2009; 5:
317-324.

[6] Benkeblia N. Antimicrobial activity of essential oil extracts of

various onions (Allium cepa) and garlic (Allium sativum). Lebensm

Wiss Technol 2004; 37: 263-268.

Zakaria ZA, Sufian AS, Ramasamy K, Ahmat N, Sulaiman MR,

Arifah AK, et al. In vitro antimicrobial activity of Muntingia

calabura extracts and fractions. Afr J Microbiol Res 2010; 4: 304—

308.

Motlhanka D, Houghton P, Miljkovic—Brake A, Habtemariam S. A

novel pentacyclic triterpene glycoside from a resin of Commiphora

glandulosa from Botswana. Afr | Microbiol Res 2010; 4: 549-554.

[9] Rojas R, Bustamante B, Bauer B, Bauer J, Fernandez I, Alban J,
et al. Antimicrobial activity of selected Peruvian medicinal plants.

J Ethnopharmacol 2003; 88: 199-204.

[7

—

8

—_

[10]Garcia—Sosa K, Villarreal-Alvarez N, Lubben P, Pena—Rodriguez
LM. Chrysophanol, an antimicrobial anthraquinone from the root
extract of Colubrina greggii. J Mex Chem Soc 2006; 50: 76-78.

[11]Alviano DS, Alviano CS. Plant extracts: search for new alternatives
to treat microbial diseases. Curr Pharm Biotechnol 2009; 10: 106—
121.

[12]Muthaura CN, Keriko JM, Derese S, Yenesew A, Rukunga GM.
Investigation of some medicinal plants traditionally used for
treatment of malaria in Kenya as potential sources of antimalarial
drugs. Exp Parasitol 2010; 127(3): 609-626.

[13]Rojas R, Bustamante B, Bauer J, Fernandez I, Alban J, Lock O.
Antimicrobial activity of selected Peruvian medicinal plants. J
Ethnopharmacol 2003; 88: 199-204.

[14]Srinivasan D, Nathan S, Suresh T, Lakshmana Perumalsamy P.
Antimicrobial activity of certain Indian medicinal plants used in
folkloric medicine. J Ethnopharmacol 2001; 74: 217-220.

[15]Pandey BP. Taxonomy of angiosperms. 4th ed. New Delhi: S.
Chand and Company; 1982.

[16]Labbie AR, Guries RP. Ethnobotanical value and conservation of
sacred groves of the Kpaa Mede in Soerra Leone. Econ Bot 1995;
49: 297-308.

[17]Prabhu K, Murugan K, Nareshkumar A, Ramasubramanian N,
Bragedeeswaran S. Larvicidal and repellent potential of Moringa
oleifera against malarial rector, Anopheles stephenst Liston (Insecta:
Diptera: Culicidae). Asian Pac J Trop Biomed 2011; 1(2): 124—
129.

[18]Habbal O, Hasson SS, ElI-Hag AH, Al-Mahrooqi Z, Al-Hashmi
N, Al-Bimani Z, et al. Antibacterial activity of Lawsonia inermis
Linn (Henna) against Pseudomonas aeruginosa. Asian Pac J Trop
Biomed 2011; 1(3): 173-176.

[19]Paul PK, Irudayaraj V, Johnoson M, Patric RD. Phytochemical
and anti—bacterial activity of epidermal glands extract of Christella
parasitica (L.) H. Lev. Asian Pac J Trop Biomed 2011; 1(1): 8-11.

[20]Mandal MD, Mandal S. Honey: its medicinal property and
antibacterial activity. Asian Pac J Trop Biomed 2011; 1(2): 154—
160.

[21]Manivannan K, Karthikai devi G, Anantharaman P,
Balasubramanian T. Antimicrobial potential of selected brown
seaweeds from vedalai costal waters, Gulf of Mannar. Asian Pac J
Trop Biomed 2011; 1(2): 114-120.

[22]Sasidharan S, Prema B, Yoga Latha L. Antimicrobial drug
resistance of Staphylococcus aureus in dairy products. Asian Pac J
Trop Biomed 2011; 1(2):130-132.

[23]Madhumitha G, Saral AM. Antimicrobial activity of successive
extracts of Thevetia neriifolia. Asian J Chem 2009, 21: 2471-
2472.

[24]Madhumitha G, Saral AM. Free radical scavenging assay of
Thevetia neriifolia leaf extracts. Asian J Chem 2009, 21: 2468—
2470.

[25]Madhumitha G, Saral AM, Senthilkumar B, Sivaraj A.
Hepatoprotective potential of petroleum ether leaf extract of
Crossandra infundibuliformis on CCl, induced liver toxicity in
albino mice. Asian Pac J Trop Med 2010; 10: 788-790.

[26]Raman N. Phytochemical techniques. 1st ed. NewDelhi: New India
Publishing Agency; 2006.



