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Keywords: ABSTRACT: Exacum lawii is folklore medicinal herb, boiled with oil and
used traditionally for ocular infection. The aim of the present study is to
evaluate the in-vitro antibacterial and antifungal activity against ocular

infection. Ethanolic extract, petroleum ether extract and volatile oil were
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Phytochemical screening,
MBC, MFC, Ocular infection

extracted from Exacum lawii whole plant. Antibacterial activity and
antifungal activity against strains causing ocular infection were evaluated
and Himalaya Optha-care Eye Drop was used as standard. The antimicrobial
susceptibility was performed by agar disc diffusion assay method. The
minimum bactericidal concentration (MBC) and minimum fungicidal
concentration were determined for each extract and volatile oil by
subculturing the samples. The volatile oil and the extracts of Exacum lawii
showed bactericidal and fungicidal activities against some strains of bacteria
and fungi causing ocular infection. Minimum bactericidal concentration for
volatile oil was found in range of 3.125 mg/ml to 12.25 mg/ml, for ethanolic
extract 6.25 mg/ml to 25 mg/ml and for petroleum ether extract 25 mg/ml to
50 mg/ml. Minimum fungicidal concentration of volatile oil was found to be
3.125 mg/ml to 12.5 mg/ml, for ethanolic extract 12.5 mg/ml to 25 mg/ml
and for petroleum ether extract 25 mg/ml to 50 mg/ml. This study suggested
that the volatile oil is possess potent antimicrobial activity by inhibiting the
growth of bacteria and fungi causing ocular infection significantly than the
ethanolic and petroleum ether extract of Exacum lawii.
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INTRODUCTION: There are many advances in
antibiotic therapy still infectious complications
remain an important cause of mortality and
morbidity among hospitalized patients. The use of
these synthetic antibiotics may subject the patient
to a greater risk, due to the possibility of the drugs
to associate with more harmful side effects.
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Advances in identifying novel moiety from natural
products with antimicrobial activities and it will
lead to expand chemical diversity of antimicrobial
agents following with chemical leads for new drugs
! There are majority of modern medications which
were derived initially from ancient herbal medicines.

From the centuries, medicinal plants have been
used as remedies for human diseases as they
contain components of therapeutic value. There are
numerous natural products from plant sources
reported to have anti-bacterial, anti-fungal and anti-
protozoal activities that can be used either locally
or systemically 2. Several medicinal plants having
volatile oils, polyphenols and alkaloids as major
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constituents serve as phytomedicines are being
utilized for their antimicrobial activity. These are
significantly effective in the treatment of infectious
diseases also simultaneously mitigating major side
effects that are often associated with synthetic anti-
microbials *. Exacum lawii C.B. Clarke in Hook
species of genus Exacum is small annual herb
commonly distributed in the Western peninsula,
Western coast region of India and Southern part
India mainly Mysore and Coimbatore. It is endemic
to Jarandeshwar hill from Satara district, Maharashtra
and Western ghat of Karnataka.

The common English name of Exacum lawii is
Law’s Persian violet. It is locally known as
Lahanchirayata in Maharashtra, Manali in
Malayalam, Marukozhunthu in Tamil. This bitter
herb is an annual, glabrous, small erect herb rarely
reaching upto 15 cm tall. Flowers are bluish-purple.
The whole plant has been used as folk medicinal
remedy for treatment of kidney disorders and eye
diseases * 2,

Indian population is vulnerable to eye infections by
virtue of subtropical climate of India. Ocular
infections are among the most common disease
processes that can affect the normal eye. They can
be mild or severe ocular infections, mild infection
are essentially self-limiting, and severe infections
are sight-threatening. Severe condition requires
aggressive treatment to preserve sight **~*°. Infection
of the conjunctiva leads to inflammation is known
as conjunctivitis and is characterized by dilatation
of the conjunctival vessels, resulting in edema and
hyperemia of the conjunctiva, typically associated
with discharge from eyes *°.

The prevalence of conjunctivitis varies according to
the underlying cause, which may be influenced by
the patient’s age, as well as the season of the year.
Bacterial conjunctivitis is the second most common
cause after viral conjunctivitis and is responsible
for the majority (50%-75%) of cases in children,
viral infection mainly affects the adult population.
Allergic conjunctivitis is the most frequent cause,
affecting 15 % to 40 % of the population, and is
observed more frequently in spring and summer.
Bacterial conjunctivitis can be divided into three
groups: hyperacute, acute, chronic and severe *' "%,
Acute bacterial conjunctivitis may be acute
papillary, hyperacute purulent, or acute membranous
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conjunctivitis. Purulent conjunctivitis is caused
mainly due to Haemophilus influenza, Neisseria or
Staphylococcus infection. Other form of intraocular
infection of the vitreous compartment of the eye
along with retinal and wuveal coats caused
endophthalmitis. Organisms causing acute endo-
phthalmitis include mainly Staphylococcus aureus,
Pseudomonas pneumonia, Pseudomonas aeruginosa.
Postoperative endophthalmitis can occur after any
intraocular surgery 2°. Pseudomonas species is
reported to be the most commonly isolated
organism in Kkeratitis associated with daily or
extended wear soft contact lenses %,

MATERIAL AND METHODS:

Plant Material: The fresh plant samples were
collected in year of 2016 in the month of August-
October from Mahabaleshwar, Maharashtra, India.
The plant was authenticated by Dr. N. M. Dongarwar,
Assistant  Professor, Department of Botany,
Rashtrasant Tukadoji Maharaj Nagpur University,
India and quality control standardisation was
previously done. Voucher specimen (Cog/EL/2014-
15) was deposited for future reference in
Pharmacognosy laboratory of Department of
Pharmaceutical Engineering and Technology,
Indian Institute of Technology (Banaras Hindu
University), Varanasi, India 2.

Plant Extracts Preparation and Volatile Oil
Isolation: The plants were freshly collected,
thoroughly washed and shade dried at room
temperature to prevent deterioration of thermo
labile phytoconstituents. The dried plant was
coarsely powdered wusing mechanical grinder,
passed through 60 mesh sieve size and stored at
room temperature until extraction. The ethanolic
extract (ELE) and petroleum ether extract (PLE)
were prepared by cold maceration method. Both the
extracts were concentrated under vacuum rotary
evaporator (IKA Germany) and stored in desiccator
until use. The volatile oil was isolated using
Clevenger apparatus (hydro distillation method).
Powdered drug (20 gram) was taken in distillation
flask. The oil collected in graduated tube was 2 ml.
The oil was stored in closed vial at room temperature.

Phytochemical Screening and GCMS Analysis:
Preliminary phytochemical screening of ELE and
PLE were done earlier by standard protocol along
with quantitative estimation of phenolic content,
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flavonol content and alkaloidal content. Fatty acid
profile and Vitamin composition was also
determined using Association of Official Analytical
Chemists Methods. HPLC standardization with
swertiamerin and ursolic acid along with GC-MS
analysis was performed to identify some constituents
of the ethanolic extract of Exacum lawii

Test Microorganisms: Microorganisms were used
to determine the antimicrobial potential of the
volatile oil and the plant extracts of Exacum lawii.
Pathogenic bacterial strains causing ocular infection
were: Echerichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Pseudomonas pneumonia,
Haemophilus influenza, Neisseria gonorrhoeae,
and Chlamydia trachomatis. Pathogenic fungal
strains causing ocular infection were Candida
albicans, Candida tropicalis, Aspergillus, Fusarium.
All cultures were obtained from American Type
Culture Collection (ATCC) and preserved at the
Department of Microbiology, Institute of Medical
Sciences, BHU, Varanasi, India. The fresh bacterial
broth cultures were prepared before the screening
procedure.

Antimicrobial Susceptibility Test: The disk
diffusion method for antimicrobial susceptibility
test was initially performed to determine the
antibacterial activities of the Exacum lawii against
pathogenic bacteria causing ocular infection.
Antibacterial and antifungal activities were
screened by disc diffusion method %° 2%, The stock
solution was prepared by dissolving volatile oil and
1 gm of plant extract in 100 ml of nuclease free
water. The stock solution was serially diluted to
prepare various dilutions. The 5 pl from each
dilution was dispensed on a sterile disc of
Whatman’s filter paper no.1 of 6 mm diameter for
susceptibility testing. Muller Hinton agar (MHA)
plates were prepared by pouring 15 ml of molten
media into sterile petriplates.

The freshly grown colonies were inoculated in
normal sterile saline solution to achieve desired
concentration (10" cfu/ ml). The bacteria were
streaked in a radial pattern on the agar plates
(Remel™, Thermo Fisher Scientific, USA) (Meyer
and Afolayan, 1995). The plates were allowed to
dry. The prepared solutions of volatile oil and
extract were put on 6 mm sterile disc of Whatman
filter paper no. 1. The disc was then placed on the
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surface of the plate containing medium and the
compound was allowed to diffuse for 5 min and the
plates were kept for incubation at 37 °C for 24
hours for bacteria and 48 hour at 25 °C for fungal
agents. At the end of incubation, zone of inhibition
were examined. Experiment was done in triplicate.

Minimum Bactericidal Concentration (MBC)
and Minimum Fungicidal Concentration (MFC):
Standard (Himalaya Optha-care Eye Drop) and test
sample of plant extracts and volatile oil were
prepared using serial dilution method according to
the National Committee for Clinical Laboratory
Standards, 2000 (NCCLS, 2000). The test was
carried out in 96-well microtiter plates. Equal
volumes of each dilution of standard, test sample
and nutrient broth were mixed in wells of a
microtiter plate. Specifically, 0.1 ml of standardized
inoculum (2 x 10" cfu/ml) was added to each well
of the microtiter plate. The plates were incubated
aerobically at 37 °C for 18-24 hours for bacteria
and 48 hours at 25°C for fungal growth. The lowest
concentration (highest dilution) of the standard and
test sample that produced no visible bacterial
growth (no turbidity) when compared with the
control was regarded as the MIC.

Further, the minimum bactericidal concentration
(MBC) and minimum fungicidal concentration
(MFC) were determined by sub-culturing the test
dilution from wells of microtitre plate on to a fresh
drug-free solid medium and incubated further for
culture. The highest dilution that vyielded no
bacterial or fungal colony was taken as the MBC
and MFC, respectively 2° %

Statistical Analysis: Analysis of variance (ANOVA)
had done by one-way ANOVA followed by
Newman-Keuls multiple comparison tests to
determine the statistical significance between
different groups. A difference in the mean values of
P < 0.05 had been considered to be statistically
significant. For all statistical analyses GraphPad
Prism 5.0 software (GraphPad Software, Inc., La
Jolla, CA, USA) had been used.

RESULTS:

Phytochemical Screening and GCMS Analysis:
The preliminary phytochemical screening of ELE
and PLE evaluated the presence of alkaloids,
flavonoids, phenolic compounds, terpenoids, bitter
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compounds, steroids and coumarins. The total
phenolic content for ELE (12.21 + 0.58), for PLE
(1.45 £ 0.15), Flavonoid content for ELE (21.86 +
0.22), for PLE (1.56 % 0.10), flavonol content for
ELE (15.53+0.05), for PLE (0.91 %= 0.02) and
alkaloidal content for ELE (35.59 + 0.13), for PLE
(6.53 £ 0.15). Fatty acid profile showed different
concentration of saturated fatty acids, poly
unsaturated fatty acids, monounsaturated fatty
acids, trans-fatty acids. Palmitic acid (1.37 gm/100
gm), stearic acid (0.41 gm/100 gm), oleic acid
(0.41 gm/100 gm), linoleic acid (1.11 gm/100 gm)
and alpha-Linolenic acid (0.76 gm/100 gm) along
with other fatty acids. From the results Vitamin C
was found to be in higher amount 6.11 mg/100 gm
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as ascorbic acid, Vitamin E was 5.06 mg/100 g and
Vitamin A was 5.02 mg/100 gm. The concentration
of swertia-marin and Ursolic acid in ethanolic
extract of Exacum lawii calculated was 119.59
mg/gm and 5.34 mg/gm respectively. GC-MS
analysis of ethanolic extract lead to the
identification of palmitic acid (RT, 33.49), ethyl
iso-allocholate (RT, 22.63), echitamine (RT,
28.43), 8.11-Eicosadienoic acid, methyl ester (RT,
331.01), ascorbic acid 2,6-dihexadecanoate (RT,
33.49), dodecanoic acid ethyl ester (rt, 34.07),
docosanoic acid, 1,2,3-propanetriyl ester (RT,
45.679), trilinolein (RT, 36.61), 2H-Tetrazol-5-
amine, 2-(phenyl methyl)- (RT, 27.15) and tri-
linolein (RT, 36.61) (Fig. 1-3).

1254

[
|
|
21 ‘
o8 J|
1
AN
0,00 N A iy S -
1% 0% 100 150 200 28 100
A Mnuies

100

Y
1 j\n}\, /\ /\
T VR
™ e ~ NS —
00 0N M e Im L P E AL 10 20 20 10 1w e L
e

FIG. 22 A) HPLC CHROMATOGRAM SHOWING

PEAK OF STANDARD SWERTIAMERIN, B) HPLC
CHROMATOGRAM OF ETHANOLIC EXTRACT OF EXACUM LAWII SHOWING PEAK OF SWERTIAMERIN

3 T T T T T T T T T
A @0 e b 78 LT L we e @ @e

FIG. 3: A) HPLC CHROMATOGRAM SHOWING

PEAK OF STANDARD URSOLIC ACID, B) HPLC

CHROMATOGRAM OF ETHANOLIC EXTRACT OF EXACUM LAWII SHOWING PEAK OF URSOLIC ACID
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Antimicrobial Susceptibility Test: Activities of
different extracts against the test organisms were
expressed as zone of inhibition (in mm). The zone
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oil), 4.95 + 0.63 to 11.65 + 1.34 (ethanolic extract)
and 0 to 8.00 = 0.7 (petroleum ether extract) (Fig. 4
and 5).

of Inhibition for bacterial strain causing ocular
infection for volatile oil ranged between 10.05 +
0.78 to 21.15 * 1.34, for ethanolic extract 5.20 +
0.85 to 18.05 = 0.64 and for petroleum ether
extracts 5.10 + 0.43. The zone of Inhibition for
pathogenic fungal strain causing ocular infection
ranges between 6.95 + 0.63 to 18.20 + 0.42 (volatile

Minimum bactericidal concentration (MBC)
and Minimum fungicidal concentration (MFC):
MBC and MFC for volatile oil of Exacum lawii
against various bacterial and fungal strains causing
ocular infection ranged between 3.125 mg/ml to
12.25 mg/ml and 3.125 mg/ml to 12.5 respectively.
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FIG. 4: ZONE OF INHIBITION FOR VOLATILE OIL AND EXTRACTS OF EXACUMLAWII AGAINST a)
PATHOGENIC BACTERIAL STRAINS CAUSING OCULAR INFECTION, b) PATHOGENIC FUNGAL STRAINS
CAUSING OCULAR INFECTION

Values are expressed as mean + SD. *P<0.05, comparing Zone of Inhibition for volatile oil; ® P<0.05, comparing Zone of
Inhibition for petroleum ether extract of Exacum lawii;y P<0.05, comparing Zone of Inhibition for ethanolic extract of Exacum
lawii. One-way ANOVA followed by Newman—Keuls multiple comparison tests.
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FIG. 5: ZONE OF INHIBITION FOR VOLATILE OIL AND EXTRACTS OF EXACUMLAWII AGAINST SOME
PATHOGENIC BACTERIAL STRAINS

Values are expressed as mean = SD. *P<0.05, comparing Zone of Inhibition for volatile oil; ® P<0.05, comparing Zone of
Inhibition for petroleum ether extract of Exacum lawii; y P<0.05, comparing Zone of Inhibition for ethanolic extract of Exacum
lawii. One-way ANOVA followed by Newman—Keuls multiple comparison tests.

TABLE 1: MIC AND MBC (mg/ml) VALUES OF EXACUM LAWII EXTRACTS AND VOLATILE OIL AGAINST
BACTERIAL STRAIN CAUSING OCULAR INFECTION

Bacterial Gram +ve/ MIC/MBC (mg/ml)

strain -ve Volatile oil Ethanolic extract  Petroleum ether extract Standard
Echerichia coli -ve 3.125/6.25 6.25/12.25 25/50 1.56/3.125
Pseudomonas aeruginosa -ve 3.125/3.125 6.25/6.25 25/25 3.125/3.125
Staphylococcus aureus +ve 3.125/3.125 6.25/6.25 25/25 1.56/3.125
Pseudomonas pneumoniae +ve 6.25/12.25 12.25/25 25/25 3.125/6.25
Haemophilus influenzae -ve 3.125/3.125 12.25/12.25 25/25 1.56/3.125
Neisseria gonorrhoeae -ve 6.25/6.25 12.25/25 25/50 3.125/6.25
Chlamydia trachomatis - ve 6.25/12.5 25/25 25/50 3.125/6.25
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TABLE 2: MIC AND MFC (mg/ml) VALUES OF EXACUM LAWII EXTRACTS AND VOLATILE OIL AGAINST

FUNGAL STRAIN CAUSING OCULAR INFECTION

Fungal MIC/MFC (mg/ml)
strains Volatile oil Petroleum ether extract Ethanolic extract Standard
Candida albicans 3.125/3.125 25/25 12.5/12.5 1.56/3.125
Candida tropicalis 12.5/12.5 25/25 12.5/12.5 6.25/12.5
Aspergillus keratitis 6.25/6.25 50/50 25/25 3.125/6.25
Fusariumdimerum 6.25/6.25 25/50 12.5/12.5 1.56/6.25
MBC and MFC ranged between 6.25 mg/ml to 25 GCMS results confirmed that ELE contains

mg/ml and 12.5 mg/ml to 25 mg/ml for ethanolic
extract respectively and 25mg/ml to 50 mg/ml to 25
mg/ml to 50 mg/ml for petroleum ether extract
respectively, against various bacterial and fungal
strain causing ocular infection. MBC and MFC for
standard (Himalaya Optha-care Eye Drop) against
various bacterial and fungal strains causing ocular
infection ranged from 1.56 mg/ml to 6.25 mg/ml
(Table 1 and 2).

DISCUSSION AND CONCLUSION: Ethno-
botanical study leads to approximately 74 % of the
pharmaceutically active plant derived compounds.
Potentially active compounds can be identified by
investigating chemical composition and ingredients

of traditional medicinal plants. The aromatic oil
extracted from the wide range of plants is reported
to possess antimicrobial activity ** = *2. Since, the
folklore medicinal plant, Exacum lawii has been
traditionally used for eye problems and kidney
problems. The plant has been standardised and
reported to have swertiamerin with other bitter
phytoconstituents.

In the present study, the antimicrobial activity of
volatile oil and extracts of Exacum lawii against
pathogenic strains of bacteria and fungi was
determined by measuring the diameter of the
inhibition zones around the discs. The MBCs and
MFCs were also calculated by micro dilution
method. Study showed that whole plant of Exacum
lawii has a broad spectrum antimicrobial activity
against pathogenic bacteria and fungi causing
ocular infection. The MBCs and MFCs for volatile
oil are found to be lower than ELE and PLE. The
study justified the traditional use for eye problems
by showing antimicrobial activity against pathogens
causing ocular infection. The Exacum lawii extract
is rich in phytoconstituents. The most of the
secondary metabolites like phenols, alkaloids,
flavonoids possess antimicrobial activity **.

International Journal of Pharmaceutical Sciences and Research

polyunsaturated fatty acids, indole alkaloids also
tetrazole derivative which are reported to have
antimicrobial activity *. The bitter compounds and
ursolic acid also play important role in
antimicrobial activity *® ~ %', The swertiamerin is
also reported to have antibacterial activity *. They
all may play very essential role in diverse
therapeutic activity. The results obtained from the
present study confirmed that Exacum lawii is rich
in phytoconstituents that are able to combat the
microbial defences. Henceforth, the results justify
that further investigation should be performed to
investigate the composition of volatile oil extracted
from Exacum lawii. It will strengthen its potential
of Exacum lawii as a novel antibacterial and
antifungal agent.
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