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Abstract: Vulvovaginal candidiasis is an important cause of morbidity in women of reproductive age and
majority of the infection is caused by the species Candida albicans. In about five percentages of cases, the
disease has a chronic course showing frequent and refractory episodes. Therefore, the present study was
focused  on antifungal activity of Acalypha indica against Candida albicans strains isolated from patients.
The samples were isolated from the patients admitted in the hospitals in and around Erode. Candida albicans
were identified by the morphological and biochemical tests. From 35 samples six different strains of Candida
albicans  were  isolated.  The  antifungal  susceptibility  tests  were done against different antifungal agents.
The six isolated strains were found resistant to Fluconazole, Itraconazole, Nystatin, Clotrimazole and it was also
found that all the strains were sensitive to Amphotericin B. In addition to Amphotericin B, strain 1, 3, 5 were
also sensitive to Ketoconazole and strain 2, 4, 6 were sensitive to Nystatin. Therefor, it was concluded that all
the six strains were multidrug resistant. The plant, Acalypha indica, used in this study showed antifungal
activity against six different strains of Candida albicans. In that acetone extract, methanol extract, petroleum
ether extract and water extract antifungal activity increased with increase in concentrations. Acalypha indica
aqueous extracts had not shown much activity against Candida albicans strains.
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INTRODUCTION culture. It suggests that their system may become a viable

Herbal medicine is the oldest form of health care caused by yeast usually Candida albicans, which may be
known to mankind and it will not be annex exaggeration to present in the vagina of up to 20% of sexually active
say that use of herbal drug for human health is probably women initially but may become pathogenic when
as ancient as mankind [1]. India is represented by rich conditions of vagina changes, particularly when there is
culture, tradition and natural biodiversity and offer unique a rise in vaginal pH or an excess of glycogen that has not
opportunity for the drug discovery researches. Utilization been converted to lactic acid by Lactobacilli [6].
of plants for medicinal purpose in India has been Symptoms of vaginitis involve itching, burning, cheesy
documented in ancient literature [2]. The world health white discharge although scant discharge is uncommon.
organization has estimated that 80% population of the It had been reported that in Candida albicans the
developing countries is unable to afford the cytosolic enzyme, enolase was an immuno-dominant
pharmaceutical drugs and rely on traditional herbal antigen [7]. One of the major increases in the Candida is
medicine to sustain their primary health care needs [3]. the development of its resistant strains to azole drugs
The development of microbial resistance to antibiotics has such as fluconazole used in the prophylaxis and treatment
led the researchers to investigate the alternative source of candidiasis. The nature of the resistance to a few drugs
for the treatment of resistant strains [4]. Various has been identified as related to transport alteration,
techniques have been adopted for enhancing bioactive modification of an enzyme and change in the membrane
molecules in medicinal plants by molecular biology, composition [8]. One possible approach is to screen local
enzymology and fermentation technology of plant cell medicinal plants to get the compound, which can be

source of important secondary metabolites [5]. Thrush is
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directly used as antifungal agents or can serve as Test for Germ Tube Formation: Germ tube formation test
template for drug development [9]. Acalypha indica is
used as diuretic, anti-helminthic and for respiratory
problems such as bronchitis, asthma and pneumonia. Its
root are used as laxative and leaves for scabies and other
cutaneous diseases [11].The antimicrobial activity of
water, ethanol and chloroform extracts of Acalypha indica
have been earlier reported against four bacterial and
fungal strains using the disc diffusion method [10]. In this
study Candida albicans was isolated, identified by
morphologically and biochemically and checked out for
susceptibility test. The plant Acalypha indica was
selected according to its availability and ethnobotanical
significance in the treatment of opportunistic mycosis a
choice of treatment.

MATERIALS AND METHODS

Study Area: Thirty-five vaginal samples were collected
from the Hospitals in and around at Erode District, Tamil
Nadu, India. The inclusion criteria for the study were
married and sexually active women between 18-50 years of
age who presented to the health care center with self-
reported symptoms of vaginal discharge, genital itching
and genital burning. Each patient completed a
questionnaire about patient’s details, age and use of
contraceptives, vaginal discharge and antimicrobial
agents. Vulvovaginal symptoms and findings at the
gynecological examination such as, type of secretion,
vulval edema and erythema were recorded.

Sampling Procedure: Specimens were collected from the
lateral wall of vagina of each woman using sterile cotton
tipped swabs. One of the swab was inoculated into
sabaroud’s dextrose agar (Himedia Mumbai, india)
supplemented with 0.06g/ml of Gentamycin with 0.5%
cyclohexamide  [12].  The  plates were then incubated at
30 °C for 5 days. The second swab was used to determine
the presence of yeast by direct wet mount microscopy by
adding a drop of 10% potassium hydroxide solution,
which was used for the observation of yeast cells and
hyphae in a light microscope using low magnification
power [13].

Identification of Yeast Isolates
Gram Staining: Smooth creamy white colour colonies of
strain 1, 2, 3, 4, 5, 6 with yeast odour were selected from
sabaroud’s dextrose agar medium and subjected to Gram
staining then observed under low and high power
objectives.

for the identification of Candida albicans was carried by
[14]taking the isolated strains 1, 2, 3, 4, 5, 6 and separately
inoculated in to 0.5ml of human serum in small tubes and
incubated at 37 ºC for 3 hours. After incubation a loop full
of culture of strains 1, 2, 3, 4, 5, 6 were placed on grease
free slides, over laid with cover slip then observed under
low and high power objectives to visualize germ tube. 

Carbohydrate Fermentation Tests: The isolated  strains
1, 2, 3, 4, 5, 6 were further confirmed by subjecting to the
carbohydrate fermentation test viz: dextrose, galactose,
lactose, maltose, sucrose and trehalose [15]. The 5 ml of
carbohydrate solution having pH 7.4 containing 1 %
peptone,  1  % sugar, 0.3 % beef extract and 0.5 % NaCl,
0.2 % Bromothymol blue in fermentation tube (test tube
containing a Durham’s tube) was sterilized and 0.2 ml of
saline suspension of the test organism was added and
incubated at 37 ºC for 10 days.

Antifungal Susceptibility Test:  Antifungal susceptibility
test was performed by NCCLSS M44-A disc diffusion
method [16]. An Inoculum was prepared by picking up
isolated strains 1, 2, 3, 4, 5, 6 from the Saboraud’s dextrose
agar medium and suspended in 5ml of sterile saline. Its
turbidity was adjusted visually with the transmittance to
that produced by a 0.5 Mc Ferland standard. After
obtaining the 0.5 Mc Ferland standards for isolated
strains 1, 2, 3, 4, 5, 6 they were swabbed uniformly on the
surface of Muller Hinton agar and allowed to dry under
sterile conditions. After drying antifungal discs of
Amphotericin B, Clotrimazole, Fluconazole, Itraconazole,
Ketaconazole and Nystatin were placed onto the surface
of inoculated  plates  of  isolated  strains 1, 2, 3, 4, 5, 6.
The plates were incubated at 35 ºC for 24 hours and after
incubation, zone of inhibition was measured and results
were recorded as susceptible or resistant.

Collection of Plant Materials: The fresh leaves of
Acalypha indica were collected from in and around of
Erode district, Tamil Nadu, India. All the healthy fresh
leaves of Acalypha indica were cleaned and washed
thoroughly five times with running tap water then
followed once with distilled water. The washed leaves of
Acalypha indica were air dried under shaded place within
sterile condition [17].

Solvent Extraction: Air dried leaves of Acalypha indica
were milled to a fine powder. The extract was obtained by
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using cold extraction method. The fine leaf powder of RESULTS
Acalypha indica was filled in conical flasks and extracted
with aqueous (water), acetone, methanol and petroleum
ether at a rate of 1:5. All the respective flasks were
incubated for one week at room temperature and gently
shaked for 30 minutes at the end of every day. After six
days of incubation all the contents in the flasks were
filtered through ordinary filter paper and the filtrates were
evaporated to dryness under reduced pressure using
rotatory evaporator at 4 ºC. All the extracts were
preserved in tightly closed bottles in a refrigerator until
used for the antifungal testing [18, 19].

Preparations of Crude Extract Solution: The crude extract
was  prepared  by dissolving 100mg of leaf extract in 1ml
of Dimethyl sulfoxide (DMSO) solution. The different
concentrations of leaf extracts were prepared 10µg, 20µg
and 30µg, 40µg and 50µg. 

Inoculum Preparation: All  the  clinical  isolated  strains
1,  2,  3, 4, 5, 6 of Candida albicans were prepared in
0.85% saline and were incubated on a shaker at 37 ºC for
18 hours and then diluted to 1:10 concentration to yield a
culture density of approximately 180 CFU/ml [17].

Antifungal Assays of Plant Extract by Agar-well
Diffusion Method: This method is commonly employed
for antibiotic sensitivity test and based on the fact that for
the given antibiotics, the size of the zone of inhibition is
related to minimum inhibitory concentration (MIC). MIC
is referred as the lowest concentration of antibiotic that
exhibits the zone of inhibition of the assay plates. Muller-
Hinton agar medium was (Hi Media Mumbai) prepared,
sterilized, poured on to sterilized petriplates and allowed
for solidification under sterile condition [17]. The clinical
isolated strains 1, 2, 3, 4, 5, 6 of Candida albicans were
swabbed evenly on the surface of the dried Muller-
Hinton agar and plates were allowed to stand for 15
minutes at room temperature under sterile condition. With
the help of a sterile cork borer, wells with 6mm diameter
were made in each plate. The different Acalypha indica
leaf extract concentrations such as 10µg, 20µg, 30µg, 40µg
and 50µg were taken with micropipette and loaded into a
separate well in Muller- Hinton agar containing clinical
isolated strains 1, 2, 3, 4, 5, 6 of Candida albicans. The
plates were incubated for 24 hours at 37 °C and the
observations were recorded. The zone of inhibition or
halo like area was measured and recorded. One well with
DMSO was used as negative control. 

The taxonomically medicinal plant Acalypha indica
belongs to Kingdom-Plantae, Class-Magnoliopsida,
Order-Euphorviales, Family-Euphorbiaceae, Sub family-
Acalyphoideae, Genus- Acalypha and Species-indica.

Isolation and Identification: Among the 35 isolates only
six isolates showed the positive characteristic similar to
Candida albicans. In gram staining most of the isolated
samples showed large Gram positive ovoid cells. They are
thin walled yeast cells. Then the suspected isolated
strains 1, 2, 3, 4, 5, 6 were confirmed by Germ tube
formation and carbohydrate fermentation tests (Table 1).

Antibiotic Susceptibility Test for Five Strains of
Candida albicans: Candida albicans strain 1 showed
resistance against Clotrimazole, Fluconazole, Itraconazole,
Nystatin but showed sensitivity to Amphotericin-B and
Ketoconazole while Candida albicans strain 2 showed
resistant against Clotrimazole, Fluconazole, Itraconazole,
Ketoconazole but sensitivity to Amphotericin-B and
Nystatin (Table 2). Candida albicans strain 3 showed
resistant against Clotrimazole, Fluconazole, Itraconazole,
Nystatin but sensitivity to Amphotericin-B and
Ketoconazole while Candida albicans strain 4 was
resistant to Clotrimazole, Fluconazole, Itraconazole,
Ketoconazole but showed sensitivity to Amphotericin-B
and Nystatin (Table 3). Candida albicans strain 5 showed
resistance against Clotrimazole, Fluconazole, Itraconazole,
Nystatin but showed sensitivity to Amphotericin-B and
Ketoconazole while Candida albicans strain 6 showed
resistance against Clotrimazole, Fluconazole, Itraconazole,
Ketoconazole but showed sensitivity to Amphotericin-B
and Nystatin (Table 4). The results revealed that the all six
strains were multidrug resistant.

Anti-Fungal Assay of Acalypha indica: In the present
study Acalypha indica, a medicinal plant was used to
screen its antifungal activity against Candida albicans.
Table 5 showed the results of the antifungal activity of
Acalypha indica against six different strains of Candida
albicans. In that acetone extracts showed activity in all
the strains. Only the strain 2 and strain 4 showed
sensitivity to water  extract. Methanol extracts did not
have  any  activity  in  strain  2,  5,   6   and  petroleum
ether extracts produced activity only in higher
concentrations.



World J. Zool., 11 (3): 141-147, 2016

144

Table 1: Morphological and carbohydrate fermentation tests for the isolated strains from vaginal samples

Vaginal sample strain of Candida albicans

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Tests  S1 S2 S3 S4 S5 56

Gram staining + + + + + +

Germ tube test + + + + + +

Dextrose + + + + + +

Galactose + + + + + +

Lactose - - - - - -

Maltose + + + + + +

Sucrose - - - - - -

Trehalose + + + + + +

Note where: + stands for positive reaction and – denotes negative reaction

Table 2: Antibiotic susceptibility test for isolated stains Candida albicans strain1 and strain 2 

Strength Antibiotics Zone of inhibition Zone of inhibition

Antibiotics used Discs (µg) (mm) in strain 1 Results of S1 (mm) in strain 2 Results of S2

Amphotericin B 100 17 S 18 S

Clotrimazole 10 08 R 02 R

Fluconazole 10 23 R 03 R

Itraconazole 10 09 R 01 R

Ketoconazole 10 32 S 01 R

Nystatin 100 15 R 09 S

Note were: S-denotes sensitive and R-resistant of strains against respective antibiotics

Table 3: Antibiotic susceptibility test for isolated stains Candida albicans strain 3 and strain 4 

Strength Antibiotics Zone of inhibition Zone of inhibition 

Antibiotics used Discs (µg) (mm) in strain 3 Results of S3 (mm) in strain 4 Results of S4

Amphotericin B 100 18 S 17 S

Clotrimazole 10 01 R - R

Fluconazole 10 01 R 01 R

Itraconazole 10 - R - R

Ketoconazole 10 - S 01 R

Nystatin 100 15 R 09 S

Note were: S-denotes sensitive and R-resistant of strains against respective antibiotics

Table 4: Antibiotic susceptibility test for isolated stains Candida albicans strain 5 and strain6 

Strength Antibiotics Zone of inhibition Zone of inhibition 

Antibiotics used Discs (µg) (mm) in strain 5 Results of S5 (mm) in strain 6 Results of S6

Amphotericin B 100 15 S 18 S

Clotrimazole 10 - R - R

Fluconazole 10 - R - R

Itraconazole 10 01 R 01 R

Ketoconazole 10 - S - R

Nystatin 100 17 R 17 S

Note were: S-denotes sensitive and R-resistant of strains against respective antibiotics
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Table 5: Antifungal susceptibility assay of Acalypha indica against vaginal isolated stains1, strain 2, strain 3, strain 4, strain 5, strain 6 of Candida albicans

Solvent used and diameter of zone of inhibition (mm)

---------------------------------------------------------------------------------------------------------------------------------

Strain Concentration (µg) Methanol Acetone Petroleum ether Water

Strain 1 10 - - - -

20 - - - -

30 - - - -

40 - - - -

50 20 mm 15 mm 17 mm -

Strain 2 10 - - - -

20 - - - -

30 - - - -

40 - - - -

50 - 10 mm - 12 mm

Strain 3 10 - - - -

20 - - - -

30 9 mm - - -

40 10 mm - 9mm -

50 11mm 11mm 10 mm -

Strain 4 10 - - - -

20 - - - -

30 - - - -

40 9 mm - - 9 mm

50 11 mm - 11 mm 11 mm

Strain 5 10 - - - -

20 - - - -

30 - - - -

40 - 11 mm 12 mm -

50 - 13 mm 13mm -

Strain 6 10 - - - -

20 - - - -

30 - - - -

40 - 12mm 11mm -

50 - 13 mm 12mm -

Note were: - denotes no zone of inhibition

DISCUSSION extensively used in herbal medicine in many tropical and

Acalypha indica is commonly known as kucinggalak infections caused by newer emerging fungal pathogens
or Rumputlislis. It is known as Kuppaimeni in Tamil and has been detected in humans and the population of
Kuppaikunjan in Malayalam. It is a main weed in many patients at risk has expanded to include those with a
parts of Asia including India, Pakisthan, Yemen, Srilanka broad list of medical conditions [25]. Many of the drugs
throughout tropical Africa and South America [20]. It is an currently available have undesirable effects or very toxic.
annual herb of about 80cm height [21]. This plant is used Azoles are fungi static and not fungicidal, so it has given
as diuretic, anti-helminthic and for respiratory tract rise to both primary and secondary drug resistance.
ailments such as bronchitis, asthma and pneumonia [22]. Therefore, there is a real need for a next generation of
The root of Acalypha indica is used as laxative and safer and more potent antifungal agents. One possible
leaves of this plant have antimicrobial activity against approach is to screen local medicinal plants to get the
several gram positive bacteria [23]. This plant has been compound which can be directly used as antifungal

subtropical countries [24]. An increasing prevalence of
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agents or can serve as template for drug development they had been tested for novel pharmacological
[26]. Vulvovaginal candidiasis is an important cause of constituents and lead compounds. In this study it was
morbidity in women of reproductive age and majority of finally concluded that Acalypha indica had a good
the infections are caused by the species, Candida antifungal activity. Further work is required to isolate the
albicans. In about five percentages of cases, the disease bioactive constituents and the antifungal properties of
has a chronic course showing frequent and refractory these compounds. This may help to find the compound
episodes [27]. Therefore, this present study focused on responsible for antifungal activity. 
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