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ABSTRACT

Use of plant based drugs and chemicals for curing various ailments and personal adornment is as old as human
civilization. Plants and plant-based medicaments are the basis of many of the modern pharmaceuticals we use today
for our various ailments. Cinnamon has a long history both as a spice and as a medicine. In the present study, an
attempt was made to determine the phytochemical composition and in vitro effects of methanolic extract of
Cinnamomum cassia bark against Candida parapsilosis SN 1980, Candida guilliermondii SN 2006 and Candida
glabrata SN 2266. Preliminary phytochemical analysis revealed the presence of phenols, alkaloids, steroids and
tannins in varying concentration. In GC-MS analysis, the major compounds were cinnamaldehyde, p-methoxy
cinnamal dehyde, cis-2-methoxy cinnamic acid and cinnamic acid. Biological examination was carried out in terms
of minimum inhibitory concentration; filter disc assay and growth curve study. SEM examination of treated cells
showed severe damage of the membrane. From our data, we conclude that Cinnamomum cassia bark extract can be
explored further as an option for efficacious and safe drug for candidiasis.
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INTRODUCTION

In nature, plants contain a variety of compoundiedghytochemicals and most of them have mediginaperties.

Long time ago humanity learned to use plants feeae treatment or control. Today, scientific nesegeveals that
not only the chemical from the plant has effectiagjaa particular disease, but, that the antioxigeaperty of the
plant extract also gives beneficial effect to hurhaalth. Down the ages essential oils and otheae&tst of plants
have evoked interest as sources of natural produmtseased fungal infections, toxicity of someifamgal agents
and their interaction with other drugs, and develept of resistance of some species of fungi haverleny studies
to search for new antifungal agents [1, 2]. Thexefantimicrobial efficacies from plant have toelored. Since,
cinnamon is a common food ingredient and has a highan consumption in Indi€andida species are ubiquitous
yeasts and common residents of mucosal surfacdediuman oral cavity, the gastrointestinal andutagenital

tract [3-6]. Essentially all areas of the humantigéstestinal tract can harbouwandida. The most commonly
isolated species (50 to 70% of yeast isolates) ftmerhuman gastrointestinal tract is Candida aftscéollowed by

C. tropicalis, C. parapsilosis, andC. glabrata [5]. So, it receives direct exposure of cinnamibis very interesting
to evaluate the anticandidal activity of this plant
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Cinnamon is a native of Southern Asia and South egaeNow it is cultivated in many tropical coutsisuch as
India, China and the Caribbean. Cinnam@infamomum cassia) of the family Lauracease is a favorite spice
around the world because of its health benefimyolls and preserves food [7]. The most favoritengbal
constituents of cinnamon are volatile oil (cinnageddyde, eugenol, cinnamic acid, and weitherhin)cilage,
diterpenes and proanthocyanidins [8]. Although itrawially known, some recent scientific studies &iashown
antimicrobial activity of essential oils @innamomum cassia presl., C. osmophloeum kaneh. andC. zeylanicum
blume [9-12]. Quattara reported the inhibitoryeetfof C. zeylanicum essential oil on meat deteriorating organisms
[13]. Antifungal activity was reported for respioag tract infecting fungi such a&spergillus niger Tieghem,A.
fumigatus Fres.,A. nidulans (Eidam) Winter andA. flavus Link [14]. Treating high moisture barley or wheat
(Triticum aestivum L.) grains with essential oil o€. zeylanicum protected them from deteriorating fungi and
ochratoxin formation [15, 16]. Similar findings veereported for protection of stored maiZeg mays L.) againstA.
flavus [17].

Although the activity ofCinnamomum cassia bark extracts against various yeast species has dte®onstrated
previously, their mode of action is not clearly amtood. This work constitutes the attempt to asgtbe

anticandidal role o€innamomum cassia bark extract against some recently obtained Caridadates. The ability of
this extract to kill Candida cells was tested atehtified by the minimum inhibitory concentratidifter disc assay,
growth studies and scanning electron microscopy. @proach involved the collection, extraction, fgichemical

and anticandidal evaluation of bark of this meditiplant.

EXPERIMENTAL SECTION

Collection and preparation of plant extract

The fresh bark offinnamomum cassia was purchased from the stock market, New DelldjainA voucher of
specimen (D 11) was stored in laboratory for furttederence. The bark was ground to coarse powadeatracted
with methanol in Soxhlet apparatus for period oftizat was filtered with whattman filter paper afikdkate was
evaporated to dryness. The extract was used fopligesochemical and antifungal investigation afteracance of
biosafety and ethical committee of the Institute.

Phytochemical analysis

The methanolic extract was subjected to variougqaiemical tests to find out the major constituefitse tests
were performed for alkaloids (Mayer's/ Wagner'st)tephenols/ flavanoids (NaOH, NaOH/&$,), glycoside
(Keller-Killiani test), tannins (Braemer's testfermids and terpenoids (Salkowski test) and sapdiid-20].

GC-MSanalysis

GC-MS analysis of the extract was carried out usirshimadzu 2010 gas chromatograph fitted with BA/Max
column. Helium was used as carrier gas. Sample fftl)lwas injected in thesplittess mode. The chemical
component from the extract was identified by conmgathe retention time of the chromatographic peaitl those
of authentic compound using the WILEY8.LIB and NO5E.LIB.

Strains and growth media

The clinical isolates o€andida parapsilosis SN 1980,Candida guilliermondii SN 2006 andCandida glabrata SN
2266 used in this study were obtained from Depantnoé Microbiology, Vardhaman Mahavir Medical Cajks
New Delhi, India. For confirmation of the isolatgsrm tube test, microscopic morphology on Corn Megdr, Hi
Chrome Agar, carbon and nitrogen assimilation &est ascospore production on malt-extract agar wase.dThe
working strains were maintained on YEPD slants aiminng 2% (w/v) glucose, 2% peptone, and 1% yessaet at
-20°C and were subcultured twice prior to testing tsuea viability and purity. All media constituentsere
obtained from Hi-Media (India). All chemicals andhsents were of analytical grade and obtained fiderck
(India). For all experimental studies the yeastscelere maintained on yeast extract-peptone-dext(d&PD)
medium at 36C.

Determination of Minimum I nhibitory Concentration

MICs of the strains were determined using a broitredilution method. Cells were resuspended ing&@0normal
saline solution to give an optical density at 600 (ODsgo) of 0.1. The diluted cell suspensions were addetthé
wells of round-bottomed 96-well microtiter platemntaining equal volumes of medium and differentaaanirations
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of test extract [21]. A drug-free control was aleoluded. The MIC test end point was evaluated allguand is
defined as the lowest extract concentration thatveld significant inhibition of growth compared teetcontrols.

Filter disc assays

Assays were performed according to the standardeines (M2-A7) of the National Committee for Ctal
Laboratory Standards (NCCLS), using a modified KiBguer disk diffusion method. All the organisms ever
stored at -28C until use. Cells were grown at’@in YEPD broth (approximately $@ells/ml) and were passaged
at least twice on solid agar. Broth cultures wexralshed onto agar to achieve a lawn of confluenttygasvth.
Stock solutions of the test extract were prepared% DMSO. Paper disks impregnated with differextraet
concentrations were placed on each plate. Oneimligeegnated with 1% DMSO was placed in the cenfrthe
plate that served as solvent control. The plate® Weubated at 3C for 48 h. The diameter of zone of inhibition
was recorded in millimeters, after 48 hours.

Growth curve studies

In this experiment 10cells (optical density A595 = 0.1) of strains wgrewn aerobically in automated shaker set at
30°C until stationary phase. Growth was followed tddshetrically at 595 nm using spectrophotometer.uied
concentrations of test extract were added to cultdthe growth rates of cells alone and with inkibitvere
performed. Optical density was recorded for eagaltentration against time (hrs). The growth rategaivalent to
the slope of log (optical density) versus time dgrihe exponential phase [22].

Scanning electron microscopy (SEM) analysis

In this microscopy experiment tested cell suspeamssfoom overnight cultures were prepared in YEPRIioma. Test
extract at equivalent to minimum inhibitory conaation was added to the cell (~1X)L@nd incubated for 16 hours
at 30C and then prepared for an electron microscopy.calls were fixed with 2% glutaraldehyde in 0.1%
phosphate buffer for 1 h at room temperatur@G2(23, 24]. Washed with 0.1M phosphate buffer (hBl) and post
fixed 1% QO, in 0.1M phosphate buffer for 1h &G For SEM, samples were dehydrated in acetonelamped
on round glass cover slip with HMDS and dried aimotemperature then sputter coating with gold aseoved
under the SEM (Zeiss EV040).

RESULTSAND DISCUSSION

Phytochemical analysis

Table 1 shows the result of the preliminary phytoolcal analysis. The results showed the phendksladls,
steroids and tannins showed the positive resufioSias and glycosides were absent in the testaxffable 1). In
the GC-MS analysis 35 phytochemical compounds venatified in the methanolic extract Gfnnamomum cassia
bark. As indicated in (Table 2) the identified carapds were thirty five, out of which six were fouimdabundance
and rest twenty nine compounds were in traces. idésetification of phytochemicals is based on theleoular
weight, molecular formulae and peak area. The n@janpounds of the extract were cinnamaldehyde §4)5p-
methoxy cinnamaldehyde (9.87%), cis-2-methoxy ammicaacid (9.22%), cinnamic acid (7.39%) and coumari
(5.31%).

Table 1: Phytochemical analysis of Cinnamomum cassia bark extract. The test was based on the colour intensity.

Phytochemicals Name of Test  Colour obseryed Cafdansity
. Wagner Pale yellow +
Alkaloids Mayer Brown ppt. +
NaOH Deep yellow ++
ng/gﬂcs)i/ds NaOH/HSO, | Colourless ++
AICl3 Yellow +
Steroids/Terpenoids  Salkowaski Red colour ++
. H,SO Dark brown
Glycosides Keller Killiani | Brown ring
Tannins Braemer Dark blue +
lodine faint bluish +
Saponins Frothing -

- = Negative (absent), + = Positive (dightly present), ++ = Positive (moderately present)
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Table 2: Chemical compositions of Cinnamomum cassia bark extract.

Name of compound Molecular formula | Molecular weight | Retention time | % of prescence

Erythrltol CsH1004 122 9.017 0.98
Pyrocatechol CsHsO, 110 14.350 0.76
2-Furaldehyde, 5-(hydroxymethyl)- 61303 126 15.058 1.38
Cinnamaldehyc CoHsO 132 16.34: 24.5¢

0-Methoxy cinnamaldehyde 168100, 162 18.717 2.63
cis-2-Methoxy cinnamic acid 16H1003 178 19.075 9.22
Cinnamic acid CoHgO; 148 19.825 7.39
Coumarin CoHsO, 146 20.217 5.31
Copaene CisHa4 204 20.858 1.68
alpha-Amorphen: CisHz4 204 21.3%0 2.7¢

p-Methoxy cinnamaldehyc CicH160; 162 21.96: 9.817

5,8-Dimethylquinoline GH1N 157 22.292 0.85
Dimethyl 4-methylheptanedioate 188160, 202 22.392 1.70
4a-Methyl-trans-2-decalinone 14E1;0 166 22.992 1.18
o-(Trimethylsilyl) phenol GH1,0Si 166 23.292 1.18
Cubenc CisH260 222 23.65¢ 1.3t

alpha-Cadinc CisH260 222 24.32¢ 2.3t

3-Hydroxycarbofuran phenol 16H1203 180 26.390 1.85
1,2,3,4-Tetrahydroisoquinoline 981N 133 27.725 1.51
beta.-Phenethyl cinnamate 178160, 252 28.258 1.25
n-Tridecanoic acid Ci3H2602 214 28.892 1.35
Benzeneacetaldehyde, .alf-(3-methylbutylidene- Ci3H160 18¢ 29.23¢ 0.9¢

Palmltaldehyd Ci6H3,0 24C 30.22¢ 1.0%

n-Tetradecanoic acid 13260, 228 30.917 3.91
Homosyringic acid CioH1205 212 31.292 0.26
3-Methyl-2,3-dihydro-benzofuran o8:00 134 32.092 0.51
8,11-Octadecadienoic acid, methyl ester 16H340, 294 33.058 4.27
Tetraline CigH12 132 33.32¢ 0.8¢

Olealdehyde CigH30 266 33.658 2.89
Tricosenoic acid Cz3H140; 352 33.958 0.75
2-Pentadecanone CisH300 226 34.625 0.57
2-0O-Benzyl-d-arabinose 16H1605 240 35.292 0.53
9-Methyl-10,12-hexadecadien-1-ol acetate 16H340, 294 37.192 0.88
Octadecanoic acid, z-dihydroxypropy! este C1H4:04 35¢ 37.83¢ 1.2C

cis-9-Hexadecena CieH3cO 238 40.042 1.05

Biological activity I nvestigation

Minimum inhibitory concentration

A more generally accurate method of assessmeheibroth dilution technique. In this study, therefahe broth
dilution method was used in determining the adégitmeasured as MIC. In using this method, higlegrees of
differences in susceptibility among Candida spewiese not observed. The crude methanol extractfauasd to
have minimum inhibitory concentration of 800 pg/800 pg/ml and 1600ug/ml agan@andida parapsilosis SN
1980, Candida guilliermondii SN 2006 andCandida glabrata SN 2266 respectively. The results revealed that th
test extract showed more Kkilling in case@dndida parapsilosis SN 1980 andCandida guilliermondii SN 2006
respectively It would appear th@andida glabrata SN 2266 is the less sensitive yeast to the tdsi@x The results
obtained provide us obvious evidence that the égstict used in the study has a substantial lef/a@ntfungal
activity.

Filter disc assay

Antifungal activity {n vitro) of the test extract was studied against threed@anisolates at three different
concentrations (4mg/ml, 8mg/ml and 12mg/ml) redpebt. The results, summarized in Table 3, and shaw
(Figs. 1a, 1b & 1c) suggest that the test extrdows significant antimicrobial activity against iars tested
pathogens. At 4mg/ml the activity shown was vesglél'he degree of inhibition varied with the coricaion of the
test extract. The highest zone of inhibition i.&. hm was measured @andida guilliermondii SN 2006 when
treated against 12mg/ml of the test extract, foldvby 10 mm measured @andida parapsilosis SN 1980 when
treated with the same concentration of the testettrespectively. In case 6andida glabrata SN 2266 at highest
concentration of the test extract the zone of iitibib was only 8mm. In comparison fluconazole ad1§/mi
showed 17mm, 15mm and 15mm, zone of inhibitio€amdida parapsilosis SN 1980,Candida guilliermondii SN
2006 and Candida glabrata SN 2266. Comparison between antifungal activitids the different extract
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concentrations and standard drug is shown in Figh& results show that, in case of control discznoe of

inhibition was observed so as far as our studyixerned 1% DMSO, as a solvent is having no etiadhe tested
organisms. Hence we can effectively conclude hbet tvhole of the antifungal effect is due to th&edéent

concentration of the test extract used in thisystud

Fig. 1: Typical photographsobtained in filter disc assay assay of test extract against some fungal isolates (a) C. guilliermondii SN 2006
(b) C. parapsilosis SN 1980 (c) Candida glabrata SN 2266.

(b)

Fig. 2: Bar diagram showing comparison between antifungal activities of different test extract concentrations and standard antifungal
drug against C. parapsilosis SN 1980, C. guilliermondii SN 2006 and Candida glabrata SN 2266.
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Table 3: Antifungal activity screening data for different test extract concentrationsand fluconazole.

Zone of Inhibition (mm)
Test extract Candida parapsilosis | Candida guillerimondii | Candida glabrata
(SN 1980) (SN 20006) (SN 2266)

4mg/m 6 6 5

8mg/m 8 9 6
12mg/ml 10 11 8
Fluconazolé (100ug/ml) 17 15 15
Control (1% DMSO) - - -

Positive Control®

Solvent Control®

29



Fehmeeda Khatoon et al J. Chem. Pharm. Res,, 2013, 5(3):25-32

Growth studies (Turbidometric measurement)

Growth pattern of Candida species was investigagéddifferent concentrations of methanolic extradt o
Cinnamomum cassia bark. (Figs. 3a, 3b & 3c) shows the effect of atiéint concentration of test extract on growth
pattern of Candida parapsilosis SN 1980, Candida glabrata SN 2266 andCandida guilliermondii SN 2006
respectively. Control cells showed a normal pattérgrowth with lag phase of 4 hrs, active exporamhase of 8-
10 hrs before attaining stationary phase. The &lasme obtained for the growth control (only orgamishowed
that the culture reached the stationary growth @ladier 16 h showing a normal growth pattern. Timree depicts a
lag phase in the initial phase of growth, activg fthase and stationary phase. Increase in contientraf test
extract leads to significant decrease in growthhvatippressed and delayed exponential phases véfieaeto
control. At minimum inhibitory concentratioralues almost complete cessation of growth wasrebdewhich is
indicated by a flat line.

Fig. 3: Effect of different concentrations of test extract on growth of Candida species. Growth curve plotted against absor bance at 595
nm and time (hrs) shows complete inhibition of growth at M1 Cvalues. (a) Against C. parapsilosis SN 1980 (b) Against C. glabrata SN
2266 (c) Against C. guilliermondii SN 2006.
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Scanning electron microscopy

Towards the end we focused on attempts to deterthieepossible mode of action of this test extracttioe

morphology of the treated cells by scanning electmicroscopy. Present microscopic analyses ofGhedida

guilliermondii SN 2006 cells, clearly showed differences in motpgy between untreated and treated céllse

SEM micrograph for untreate@. guilliermondii SN 2006 shows well defined shape with normal amdath

surface in (Fig. 4 a). Comparatively test extraghted cells showed membrane breakage. In addditris leakage
of cellular content was also noticed (Fig. 4 b).

30



Fehmeeda Khatoon et al J. Chem. Pharm. Res,, 2013, 5(3):25-32

Fig. 4: Scanning electron micrographs of C. guilliermondii SN 2006 (a) Untreated control and (b) Treated with test extract. Arrows
indicate cell breakage and leakage of theintracellular content.
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@ (b)

Natural products provide an unparalleled sourcehamical scaffolds with diverse biological actiegiand have
profoundly impacted antimicrobial drug discoveryheTpotential for developing antimicrobials from maappears
rewarding, as it will lead to the development offaimedicine to act against microbes. This is sigaift finding as
Candida is normal resident of oral cavity and gmmihary tract; it receives direct exposure of eimon. Our
findings suggest options for expanding the utildf plant active principles as antifungal agents. Wave
demonstrated that methanolic bark extracCafhamomum cassia exhibits fungicidal activity by filter disc assay
and growth curve study against three different @imndsolates. Recently obtained clinical isolatesrevfound
evidently sensitive to the test extract at varngmntentsln vitro studies have shown that this test extract sigmiflga
inhibited the growth of candida isolates. The testract displayed significant MIC,s against diffsreCandida
isolates ranging from 800 to 1600pg/ml. The extreas found to be highly active agait@andida parapsilosis SN
1980, Candida guilliermondii SN 2006 followed byCandida glabrata SN 2266. Growth kinetic studies as a
function of varied concentration also follow thergapattern. MIC/4 treated cells showed depressedthrcurve
with clearly differentiated phases. While as MI@®Rated cells showed suppressed and delayed exjalr@rases.
At MIC value S shaped curve declined to flat line showveitlmgost complete arrest of cell growth (Fig. n solid
media (filter disc assay) effective inhibition ofogvth of Candida spby test extract was found to increase in
concentration dependent manner (Fig. 1). Our figsliny scanning electron microscopy suggest thatgbtential
bioactive extract has distinct influence on Candidlh by causing breakage in the cell membrane and leakhge o
cellular content (Fig. 4b).

CONCLUSION

To conclude, the test extract shows significanicantidal activity both in liquid and solid mediumentative
mechanism of actions appears to originate from mman breakage. This work is an additional effortthe
development of new therapeutic agent which is fcidgi, less toxic and prevents drug resistancethEur
investigation need to be done, which is fundaméniadportant and may help facilitate its applicatias future
anticandidal agent.
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