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ABSTRACT 

Introduction : Candida albicans, a diploid fungus also a casual agent of opportunistic oral infections in humans and 
is traditionally being treated using herbs. Due to increase in the antibiotic-resistant strains of microorganisms, 
traditional plants are being investigated for their antibacterial and medicinal values.  

Aim: The aim of the present work was to explore the antimicrobial activities of selected  plant leaves extracts 
against the pathogen Candida albicans which is also be responsible for causing oral  cancer disease in recent 
studies. The aim of this study was to assess the antifungal activity of plant leaves extracts against Candida albicans 
and to study the inhibitory effect of chemical antifungal agents or drugs and elements of tooth pastes on Candida 
albicans pathogen isolated from oral cavity to compare with herbal plants extracts. 

Material n methods: In present study, leaves extract of ten selected plant prepared in DMSO solution have been 
chosen for the investigation of in vitro antifungal activity which acts as expectorant and not having toxic properties 
on humans while for comparison or control, antifungal drugs have been taken. 

Results: Results showed that Candida albicans shows most sensitivity towards the standard antibiotic cotrimoazol 
but very less towards other drugs like Fluconazole, minocycline, erythromycin respectively which indicated 
Candida albicans shows some resistance character towards  drugs while the herbal extracts of Lawsonia inermis, 
Withania somnifer, Curcuma longa, Cymbopogon citrates and Zingiber officinale  gives the best inhibitory effect 
and they have the potential to control growth of Candida albicans. 

Conclusion: The present investigation was carried out to investigate the chemical and therapeutically potential by 
evaluating phytochemical and antifungal activity of the fresh leaves extracts. These findings will further help to 
develop the new antifungal drugs from these herbs or they can also be use in tooth pastes, oral ointments etc. for 
treatment of oral diseases at cheapest rate by inhibiting the growth of Candida albicans, an opportunistic fungal 
pathogen.  
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INTRODUCTION 

An Oral Squamous Cell Carcinoma (OSCC) is the 
result of a multistage process of transformation of 
normal lession to dysplastic lesions. A premalignant 

or precancerous lesion is a morphologically altered 
tissue in which cancer is more likely to occur and 
includes oral leukoplakia, oral erythroplakia, and oral 
sub mucous fibrosis. Oral cancer being one of the 
most prevalent cancer, is a growing health problem 
around the world and is the second leading cause of 
the death. In India it is estimated that approximately 
320,000 peoples die per year from cancers which 
gives the crude mortality rate of up to 38/100,000 
and the prevalence of cancer at present is estimated 
to be 1.5 – 1.8 million. Oral cancer is now considered 
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to be the most important contributor of increase in 
cancer morbidity and mortality rate. The magnitude 
of cancer in India warrants the close attention of 
researchers. 

The Candida genus is a taxonomic grouping that 
was originally used to define, a ubiquitous fungi, are 
thin-walled, small (4 to 6 microns) reproduce by 
budding and are one of the most common causes of 
opportunistic mycoses worldwide. They can be 
recovered from environmental, human and other 
mammalian sources. 

Candida sp., especially Candida albicans, an 
opportunistic pathogenic microorganisms which 
replaces the micro flora of oral cavity and its carriage 

was also reported to be common in oral cancer 
patients

1,2
. C. albicans is the most prevalent 

pathogenic species among all other clinically 
important Candida species like Candida glabrata, 
Candida tropicalis, Candida parapsilosis and Candida 
dubliniensis and is responsible for the majority of 
oral infections

3
.  Candidal oral colonization (up to 

93%) and infection (up to 30%) are frequently noted 
in oral cancer patients

4
. They have the potential to 

infect tissues within the body, however, these are 
most predominantly found on oral mucosa and have 
been suggested that Candida albicans species may 
be causative agents of oral cancer

5,6
. Several 

potential virulence factors of Candida albicans 
species increases its pathogenicity like adhesion to 
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Figure 1 : Antimicrobial zone of inhibition (mm) against Candida albicans by leaves extracts of the 
selected herbs at different concentrations. 
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host epithelial surfaces, secretion of proteinases 
enzyme and hyphal formation and penetration  
apparently the most significant.  

To fight against fungal infections antibiotics are 
used as an important weapon which greatly 
benefited the health related quality of human life 
since their introduction but over the past few 
decades these health benefits are under threats as 
many commonly used antibiotics have now become 
less effective due to emergence of drug resistivity. 
Candida sp., also shows to exhibits resistance to 
antifungals which was firstly reported in 1995 and 
this has been reported by numerous other 
researchers also

7,8,9
. Presently rise in candidal 

infections could also be due to a reflection of 

inherently higher level of antifungal drug resistance 
in some Candida species. The exact mechanism of 
biofilm resistance to antifungals remains unclear, 
but it is probably multifactorial. The extracellular 
polysaccharide of the biofilm could serve as an 
inhibitor to diffusion of an antimicrobial agent or 
ionically bind the drug as it diffuses through the 
biofilm, thereby effectively reducing its 
bioavailability

10
.  The infections caused by 

opportunistic fungi like Candida albicans are 
included under new spectrum of fungal pathogens.  
There is an increasing awareness amongst clinicians 
and microbiologists pertaining to importance of 
infection caused by opportunistic fungi (Candida 
albicans). 

             
                                    (a)                                                                          (b) 

Figure 2 :  Antimicrobial zone of inhibition (mm) against Candida albicans by positive and negative 
control (b). 

 

Table: 1 Antimicrobial inhibition zone mean (mm) by leaves extracts of the ten selected medicinal herbs at 
different concentrations against Candida albicans.  

Leaf extracts Volume of 
extract (ml) 

100mg/ml 50mg/ml 25mg/ml 10mg/ml 5mg/ml 

Lawsonia inermis 0.2 21 ± 0.13 19 ± 0.26 14 ±  0.17 12 ± 0.04 10 ± 0.22 

Withania somnifera 0.2 20±  0.11 18 ± 0.08 15 ± 0.22 13 ± 0. 34 12 ± 0.16 

Zingiber officinale 0.2 24 ± 0.25 22 ± 0.15 18 ± 0.09 15 ± 0.43 13 ± 0.12 

Curcuma longa 0.2 21 ±0.57 18 ±0.21 16 ±0.42 13 ±0.13 12 ±0.06 

Cymbopogon citrates 0.2 19±0.49 18±0.39 13±0.19 12±0.28 09±0.21 

Tamarindus indica 0.2 14±0.09 13±0.20 11±0.18 09±0.24 08±0.36 

Limonia acidissima 0.2 13±0.26 13±0.11 12±0.31 10±0.06 07±0.04 

Psidium guajana 0.2 14±0.20 13±0.18 12±0.02 11±0.17 10±0.17 

Annona reticulata 0.2 12±0.19 12±0.23 11±0.34 09±0.12 07±0.17 

Swertia chirata 0.2 11±0.28 10±0.18 10±0.14 08±0.29 07±0.43 
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Some natural compounds isolated from 
medicinal plants are a rich sources of novel 
anticancer drugs, have been of increasing interest 
since then.  Some natural phenolic compounds play 
an important role in cancer prevention and 
treatment. Various bioactivities of phenolic 
compounds from medicinal herbs and dietary plants 
are responsible for their chemopreventive 
properties (e.g., antioxidant, anticarcinogenic, or 
antimutagenic and anti-inflammatory effects) and 
some inhibits the enzyme activities like histidine 
kinases responsible for candidal hyphae 
development

11
. This situation forced to search for 

new antimicrobial substance from various sources 
including medicinal plants which now becomes 
essential to investigate newer drug with less 
resistance

12
.    

The aim of the work was to find the antimicrobial 
activities of  plant leaves extracts prepared in DMSO 
against the opportinistic pathogen Candida albicans 
which is also be responsible for causing oral  cancer 
disease in recent studies. The aim was to find some 
new components to develop the nontoxic antifungal 
drugs from these herbs or they can also be use in 
tooth pastes, oral ointments etc. for treatment of 
oral diseases at cheapest rate by inhibiting the 
growth of Candida albicans. 

METHOD AND MATERIAL 

Chemicals 

 Sabarouds Dextrose Agar (SDA), antifungal discs 
like Erythromycin (10μg/disc), Minocycline (5 
μg/disc), Cotrimoazol (25μg/disc), Fuconazole 
(10μg/disc) were purchased from Himedia Pvt. Ltd., 
Mumbai, India. Other chemicals and reagents used 
for the study were of analytical grade. 

Microorganisms 

Micro-organism namely Candida albicans was 
collected from the Department of Oral Pathology 

and Microbiology Laboratory, isolated from the oral 
cavity of oral cancer patients by sterile cotton swabs. 

Plant material 

Fresh and mature leaves of plants Lawsonia 
inermis, Withania somnifer,  Swertia chirata, 
Curcuma longa, Cymbopogon citrates, Tamarindus 
indica, Limonia acidissima, Psidium guajana,  
Annona reticulate and stem of Zingiber officinale 
were collected from Department of Botany, 
University of Lucknow old campus, Lucknow during 
March- April 2015. Samples were collected in sterile 
plastic bag and brought to Mycology Laboratory of 
Botany Department, University of Lucknow, 
Lucknow, India.  

Extract preparation 

The leaves of plants were washed thoroughly 
with distilled water and dried at room temperature. 
Dried leaves were uniformly grounded using a 
mechanical grinder to yield fine powder. Ten grams 
of the powder was mixed with 100 ml of methanol in 
conical flask and kept in shaking incubator at 100 
rpm for 24 hours. The mixture was filtered using 
Whatman filter paper no 1. Extract was dried and 
stored in an airtight container at 4

0
C until further 

use. 

Preparation of extracts and isolated fractions for 
bioactivity test 

Exactly 0.2g of crude DMSO (Dimethyl sulfoxide) 
extract was dissolved in 2ml DMSO (Dimethyl 
sulfoxide) to get 100mg/ml concentration. This was 
then serially diluted to obtain 50mg/ml, 25mg/ml, 10 
mg/ml and 5mg/ml concentrations. This procedure 
was repeated for DMSO (Dimethyl sulfoxide) 
extracts using DMSO (Dimethyl sulfoxide) as a 
solvent for dilution. Similar dilution procedure was 
applied for the fractions corresponding to their yield. 
All of the fractions were prepared in two to three 
fold dilutions. 

Table: 2 Antimicrobial inhibition zone (mm) by positive (drugs) and negative control (DMSO) of the against 
Candida albicans. 

  Drug  / Control Concentration of drug 
(μg/disc)/DMSO 

Zone of inhibition 
(mm) 

Resistance/ 
Sensitive 

Fluconazole 10μg/disc 09 R 

Cotrimoazol 25 μg/disc 18 S 

Erythromycin  10 μg/disc 10 R 

Minocycline 5 μg/disc 13 S 

Negative Control- DMSO 0.2ml - R 

 

        R= Resistance ,   S= Sensitive 
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It should be clear that for those samples in which 
organic solvents were used for dilution, when 
antimicrobial test was done filter paper disks after 
impregnated in the stock solution was left to dry in 
flat glass (to let the solvent evaporated) and then it 
was sprayed with sterile distilled water. 

Controls used in the study 

Erythromycin (10μg/disc), Minocycline (5 
μg/disc), Cotrimoazole (25 μg/disc), Fuconazole 
(10μg/disc) were used as a reference or positive 
control for C. albicans and DMSO (Dimethyl 
sulfoxide) was used as a negative control for the 
study.  

Antimicrobial activity assay 

Agar disc diffusion method was performed for 
antifungal screening and broth dilution method for 
determination of minimum inhibitory concentration 
was applied as described elsewhere with little 
modification.  

Agar disc diffusion method 

Disc diffusion method was employed in the 
preliminary antimicrobial screening of both the 
crude organic extracts and bioassay guided isolated 
compounds. Test strains suspension of 0.5 
McFarland was prepared from fresh cultures using 
normal saline. The plates were aseptically streaked 
with the test microorganism using a sterile swab and 
allowed to dry for few minutes. Sterile 6 mm 
diameter filter paper discs were impregnated with 
stock solutions (at concentrations 5, 10, 25, 50, to 
100mg/ml). Using sterile forceps the discs were 
placed aseptically on the inoculated agar plates. The 
plates were then incubated for 24 hours at 37

0
 C. 

The experiments were carried out in triplicates. 
Presence of a clear circular zone around the sample 
impregnated disc was used as an indicator of 
activity. The results (mean values, n = 3) were 
recorded by measuring zones diameter in 
millimeters with the help of calipers. Disc 
impregnated with the solvent used DMSO was 
included as negative controls. For comparative 
purposes standard drug cotrimazole (25μg/disc) for 
antifungal was included as positive controls in the 
assays respectively

13,14
. 

Minimum inhibitory concentration (MIC) 

The extracts, which showed superior antifungal 
activity in the agar disc diffusion method, were 
subjected to the MIC assay. The minimum inhibitory 
concentration (MIC) of the extracts was determined 

for the test organisms in triplicates. To a 0.5 ml of 
varying concentrations of the extracts (20.0, 15.0, 
10.0, 5.0 and 1.0mg/ml), 2ml of nutrient broth was 
added (so the extracts were dilute by a factor of 5). 
Therefore the final concentrations were 4, 3, 2, 1, 
0.2, and 0 mg/ml as a control), and then a loopful of 
the test organism previously adjusted to 0.5 
McFarland turbidity standard was introduced to the 
tubes

15,16
. The procedure was repeated on the test 

organisms using the standard antibiotic 
(clotrymazole 40μg/disc). A tube containing nutrient 
broth only was seeded with the test organisms as 
described above to serve as control. Tubes 
containing cultures were then incubated at 37°C for 
24h period. After incubation the tubes were then 
examined for candidal growth by observing the 
turbidity present in the tubes. 

Data Collection 

The antifungal activity of the selected ten herbs 
against fungus Candida albicans were obtained by 
measuring the diameters of the inhibition zones and 
compared them with that of the positive control 
drug Fluconazole, erythromycin, minocyline and 
cotrimoazol and negative control DMSO. Antifungal 
activity was expressed as the mean zone of 
inhibition diameters (mm) produced by the herbs 
extracts. 

RESULTS 

Results showed that Candida albicans shows 
most sensitivity towards the standard antibiotic 
cotrimoazol but very less towards other drugs like 
Fluconazole, minocycline, erythromycin (figure:2) 
respectively which indicated Candida albicans shows 
some resistance character towards  drugs. However, 
the diameters of the inhibition zones by leaves 
extracts of DMSO solvents of selected herbs 
(Lawsonia inermis, Withania somnifer, Curcuma 
longa, Cymbopogon citrates, Limonia acidissima, 
Tamarindus indica, Swertia chirata, Psidium guajana,  
Annona reticulate and stem of Zingiber officinale) 
against the Candida albicans are different at 
different concentrations (Table:1, figure:1) among 
which  the herbal extracts of Lawsonia inermis, 
Withania somnifer, Curcuma longa, Cymbopogon 
citrates and Zingiber officinale  gives the best 
inhibitory effect and they have the potential to 
control growth of Candida albicans as they have 
diameter zone of inhibition above 12 mm at MIC 
25mg/ml, 25mg/ml, 10mg/ml, 50mg/ml and 
10mg/ml respectively.  



International Journal of Innovations in Biological and Chemical Sciences, Volume 9, 2016, 24-30 

29 

Statistical Analysis 

One way Analysis Of Variance (ANOVA) was used 
to determine the means, the standard deviations 
and the p-value. Student t- test was used to 
determine significance of the difference of the 
antifungal activities of the extracts. Results obtained 
in this study were expressed as mean inhibition zone 
(mm) ± S.D of three replicates. The mean and the S.D 
of each herbal extracts were used to compute the 
calculated t-value. Differences between the critical t-
value and calculated t-values of the diameter of the 
inhibition zones of the herbal extracts on Candida 
albicans were computed. Among all the ten herbal 
species five (Lawsonia inermis, Withania somnifer, 
Curcuma longa, Cymbopogon citrates and Zingiber 
officinale  gives) gives the alternate hypothesis 
because the calculated t-value was more than the 
critical t-value at p 0.05 hence there is a significant 
biological activity displayed by the compounds of 
these five herbs. 

DISCUSSION 

There are no drugs which can effect extremely to 
treat most oral cancers. Novel natural products offer 
opportunities for innovation in drug discovery. A 
considerable number of antitumor agents currently 
used in the clinic are of natural origin. In fact, natural 
products play a major role in cancer prevention and 
treatment by inhibiting the growth of responsible 
pathogen. For instance, over half of all anticancer 
prescription drugs approved internationally between 
the 1940s and 2006 were natural products or their 
derivatives

17
. Among them, plants have been the 

chief source of natural compounds used for 
medicine. The use of herbs and medicinal plant 
compounds to treat infections is an old age practice 
through out the world, especially in developing 
countries, where is there is dependence on 
traditional medicine for a variety of diseases. All the 
drugs from the plants are substances with the 
particular therapeutic actions extracted from the 
plants. The increased prevalence of antibiotic 
resistant fungal organisms is due to the extensive 
use of antibiotics may render the current 
antimicrobial agents insufficient to control some 
bacterial diseases and hence research for identifying 
novel substances that are active against human 
pathogens is an urgent need.  The antimicrobial 
compounds produced by plants are active against 
plant and human pathogenic microorganisms. There 
is a general call for new emerging drugs that are 
highly effective towards cancer, possess low toxicity, 

and have a minor environment impact. Many 
pharmacological investigations are also in race to 
identify new herbal drugs for the treatment of 
human diseases such as cancer and infectious 
diseases.   

CONCLUSION 

Presently there has been a significant increase in 
the incidence of human fungal infections especially 
candidal infections. Of the fungi regarded as human 
pathogens, members of the genus Candida are 
amongst the most frequently recovered from 
disease. The effective herbs can be used to treat 
infection at very low costs by using the effective 
herbal components in tooth pastes, oral gels etc. as 
by use of these products will totally vanishes the 
fungal colony from oral cavity  without resulting in 
any side effects or toxicity like drugs. As use of 
chemical antimicrobial agents also enhances the 
resistivity character of microbes or fungus but these 
herbal products will not show any effect on 
enhancing resistivity character of this pathogenic 
fungus this could also be the best of its use.  The 
findings of this suggest that these herbs (Lawsonia 
inermis, Withania somnifer, Curcuma longa, 
Cymbopogon citrates and Zingiber officinale) can be 
best used in treatment of oral infection by Candida 
albicans as they are natural, effective at MIC without 
any toxic effects. These herbs can be used in a form 
of oral gels, tooth pastes, oral ointments to vanish 
candidal infections or to inhibit its colonial growth at 
an early stage because they can proliferate in oral 
cavity, penetrate their hyphae in oral epithelium 
which may proves them to be  very harmful. 

REFERENCES 

1.  Leung WK, Dassanayake RS, Yau JYY, Jin L J, Yam WC, 
Samaranayake LP. Oral colonization, phenotypic, and 
genotypic profiles of Candida species in irradiated, 
dentate, xerostomic, nasopharyngeal carcinoma 
survivors. J Clin Microbiol.2000; 38:2219–2226. 

2.  Al-Abeid HM, Abu-Elteen KH, Elkarmi AZ, Hamad MA. 
Isolation and Characterization of Candidaa Spp. In 
Jordanian cancer patients: Prevalence, Pthogenic 
Determinants, and Antifungal Sensitivity. Jpn J Infect 
Dis. 2004; 57:279–284. 

3.  Thompson GR, Patel PK, Kirkpatrick WR, Westbrook 
SD, Berg D, Erlandsen J, et al. Oropharyngeal 
candidiasis in the era of antiretroviral therapy. Oral 
Surgery, Oral Medicine, Oral Pathology, Oral 
Radiology, and Endodontology. 2010 Apr;109(4):488–
95. Available from: 
http://dx.doi.org/10.1016/j.tripleo.2009.11.026. 



International Journal of Innovations in Biological and Chemical Sciences, Volume 9, 2016, 24-30 

30 

4.  Ramirez-Amador V, Silverman S, Mayer P, Tyler M, 
Quivey J. Candidal colonization and oral candidiasis in 
patients undergoing oral and pharyngeal radiation 
therapy. Oral Surgery, Oral Medicine, Oral Pathology, 
Oral Radiology, and Endodontology. 1997 
Aug;84(2):149–53. Available from: 
http://dx.doi.org/10.1016/s1079-2104(97)90061-5. 

5.  McCullough M, Jaber M, Barrett A., Bain L, Speight P., 
Porter S. Oral yeast carriage correlates with presence 
of oral epithelial dysplasia. Oral Oncology. 2002 
Jun;38(4):391–3. Available from: 
http://dx.doi.org/10.1016/s1368-8375(01)00079-3.  

6.  Sitheeque MAM, Samaranayake LP. CHRONIC 
HYPERPLASTIC CANDIDOSIS/CANDIDIASIS (CANDIDAL 
LEUKOPLAKIA). Critical Reviews in Oral Biology & 
Medicine. 2003 Jul 1;14(4):253–67. Available from: 
http://dx.doi.org/10.1177/154411130301400403. 

7.  Hawser SP, Douglas LJ. Resistance of Candida albicans 
biofilms to antifungal agents in vitro. Antimicrobial 
Agents and Chemotherapy [Internet]. American 
Society for Microbiology; 1995 Sep 1;39(9):2128–31. 
Available from: 
http://dx.doi.org/10.1128/aac.39.9.2128. 

8.   Chandra J, Mukherjee PK, Leidich SD, Faddoul FF, 
Hoyer LL, Douglas LJ, et al. Antifungal Resistance of 
Candidal Biofilms Formed on Denture Acrylic in vitro. 
Journal of Dental Research. 2001 Mar 1;80(3):903–8. 
Available from: 
http://dx.doi.org/10.1177/00220345010800031101.  

9. Ramage G, VandeWalle K, Bachmann SP, Wickes BL, 
Lopez-Ribot JL. In Vitro Pharmacodynamic Properties 
of Three Antifungal Agents against Preformed 
Candida albicans Biofilms Determined by Time-Kill 
Studies. Antimicrobial Agents and Chemotherapy. 
2002 Nov 1;46(11):3634–6. Available from: 
http://dx.doi.org/10.1128/aac.46.11.3634-3636.2002. 

10. Al-Fattani MA, Douglas LJ. Penetration of Candida 
Biofilms by Antifungal Agents. Antimicrobial Agents 
and Chemotherapy. 2004 Aug 24;48(9):3291–7. 
Available from: 
http://dx.doi.org/10.1128/aac.48.9.3291-3297.2004. 

11.  Alex LA, Korch C, Selitrennikoff CP, Simon MI. COS1, a 
two-component histidine kinase that is involved in 
hyphal development in the opportunistic pathogen 
Candida albicans. Proceedings of the National 
Academy of Sciences. 1998 Jun 9;95(12):7069–73. 
Available from: 
http://dx.doi.org/10.1073/pnas.95.12.7069.  

12. Bauer A.W, W.M. Kirby, J.C. Sherris and M. Turck. 
Antibiotic susceptibility testing by standardized single 
disc method. Am. J. Clin Pathol. 1996; 44: 493-496. 

 13. Seyydnejad. Antibacterial Activity of Hydroalcoholic 
Extract of Callistemon citrinus and Albizia lebbeck. 
American Journal of Applied Sciences. 2010 Jan 

1;7(1):13–6. Available from: 
http://dx.doi.org/10.3844/ajassp.2010.13.16 

14.  Shahverdi A, Iranshahi M, Mirjani R, Jamalifar H, Amin 
G. and Shafiee A. Bioassay- Guided Isolation and 
Identification of an Antibacterial Compound from 
Ferula persica var. Persica roots. DARU. 2005; 13:17–
19 

15.  El-Mahmood A. M. and Ameh J. M. In vitro 
antibacterial activity of Parkia biglobosa (Jacq.) root 
bark extract against some microorganisms associated 
with urinary tract infections. African Journal of 
Biotechnology. 2007; 6: 1272-1275 

16.  Ert M, Kati H, Yayli N and Demürbaú Z. Antimicrobial 
Properties of Silene multifida (Adams) Rohrb. Plant 
Extracts. Turk. Journal of Biology. 2006; 30: 17-21. 

17.  Efferth T, Li PCH, Konkimalla VSB, Kaina B. From 
traditional Chinese medicine to rational cancer 
therapy. Trends in Molecular Medicine. 2007 
Aug;13(8):353–61. Available from: 
http://dx.doi.org/10.1016/j.molmed.2007.07.001. 


