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Abstract

Candida spp., causes invasive fungal infections, especially in immune-compromised patients and the propensity of antifungal
resistance against azole-based drugs need to be addressed. This study is thus aimed to characterize the anticandidal effect of
the cinnamic acid extracted from the barks of Cinnamomum cassia. Five species of Fluconazole-resistant Candida sp. were
retrieved from the department repertoire. The extraction of CA was performed by three different methods followed by silica
gel column chromatography. Eluant was subjected to FTIR and XRD analysis for confirmation. The anticandidal activity of
the CA was checked by the agar disc diffusion method and the MIC and MFC were determined. The anti-biofilm effect of
CA was assessed using the CLSM technique followed by the biocompatibility check using MTT assay in normal HGF cell
lines. CA was best extracted with the hot maceration method using ethanol with a maximum yield of 6.73 mg. Purification
by column chromatography was achieved using benzene, acetic acid, and water (6:7:3) mobile phase. CA was confirmed by
FTIR with absorption peaks and by XDR based on strong intensity. CA was found to possess promising anticandidal activity
at 8 ug/mL with MIC and MFC values determined as 0.8 pg/mL and 0.08 pg/mL respectively. Antibiofilm activity by CLSM
analysis revealed biofilm inhibition and was biocompatible at 8.5 pg/ml concentrations in HGF cell lines until 24 h. The study
findings conclude that CA is the best alternative to treat candidal infection warranting further experimental preclinical studies.
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Introduction

Fungal infections contribute to an increased mortality
rate worldwide and the most frequent reasons for invasive
mycotic infection are caused by Candida species, particu-
larly Candida albicans [1]. Reports document that more than
50,000 deaths occur annually with 250,000 people being
infected due to invasive Candidal infections and the inci-
dence rate is reported as 2—14 cases/ 10,000 [2, 3]. Oral can-
didiasis (oral thrush), is a superficial infection of the mucous
membranes typically manifested by the yeast C. albicans [4].
In immune-compromised patients, particularly those with
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AIDS, patients under cancer therapy, or undergoing organ
transplantation Candida species is known for their patho-
genesis and further disease progression. Being commensals,
conditions of dysbiosis often prevail in these patients lead-
ing to critical systemic infections [5, 6]. Oral candidiasis is
caused by a wide variety of Candida species, among them,
C. albicans being associated with 80% of the oral lesions [7].
Other documented species are Candida glabrata, Candida
tropicalis, Candida kruesi, and Candida parapsilosis, with
a lower prevalence rate but often involved in both superficial
and systemic infections [8, 9]. These Candidal types are also
responsible for around 90% of oral candidemia [10].
Candida species colonize the host epithelial tissue ini-
tiating the infection process [11] through the adhesins,
which are surface-attaching proteins found in the Candidal
cells, playing a key role in the disease pathogenesis [12].
Production of hydrolases, the yeast-to-hypha transition,
touch sensing, and thigmotropism, as well as adherence to
and invasion into host cells further enhances the disease
[13]. Treatment for candidal infections often involves the
topical and systemic administration of antifungal agents
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and recently more reports on antifungal resistance have
sparked a renewed interest and threat globally. According
to the CDC 2019 report, Candida species show resistance
to the polyenes, azoles, and echinocandins class of anti-
biotics. At present there are currently only a few antifun-
gals effective against potentially fatal fungal diseases and
most of the other antifungals are not effective due to the
resistance exhibited by the candidal strains [1] with no
new antifungals entered for clinical trials in recent dec-
ades. The eukaryotic nature of the fungal cell wall is the
major obstacle to synthesize newer classes of antifungal
drugs. Least penetration effects of the antifungal drugs
in to the fungal cell wall and cell membrane, challenges
the researchers and mycologists to find a suitable alter-
native strategy to treat resistant fungal species [14-16].
Antifungal resistance being a global threat to the medical
community [17], majority of the medically important fungi
exhibit resistance to polyenes, echinocandins, and azoles.
The mechanisms behind the resistance are (i) drug target
alteration, (ii) drug target overexpression, and (iii) over-
expression of efflux pumps. Along with these underlying
mechanisms a fluctuating clinical environment, lowered
drug effectiveness, and the host immune system also con-
tributes to the progression of the fungal disease [18].

In this context, the World Health Organisation estimates
that 80% of the world's population implements plant extracts
or their active ingredients in traditional medicines [19]. Inno-
vative solutions to curb antifungal resistance using active
compounds from medicinal plants would be a boon to fungal
treatment [20, 21]. Crude extracts of various plant parts have
historically been employed as therapeutic medicines against
fungal diseases [22]. Many plant extracts are widely used
to treat infectious diseases, predominantly targeting drug-
resistant pathogens focusing on the vital phytoconstituents
of the plant for their broad-spectrum properties [23]. Among
many phytoconstituents, one of the large classes of phenolic
acids derived from plants is cinnamic acid (CA), which is
a type of organic acid that occurs naturally in plants with
a wide range of biological functions [24]. Cinnamic acid
derivatives are significant and promising substances with a
high potential for development into medications in the hunt
for new pharmacologically active molecules. The key com-
pound present in Cinnamomum cassia is aromatic carboxylic
acid which is also normally present in honey, whole grains,
vegetables, and fruits [25]. Lima et al. [26] has proved nitro-
cinnamate with maximum fungicidal activity against three
types of C. albicans. Another study documents the effect of
cinnamaldehyde extract against C. albicans and C. glabrata
species [27]. However, there are no further experimentally
evidenced based studies with cinnamic acid against different
species of Candida especially against the resistant strains.
The present study is thus aimed to investigate the antican-
didal activity of Cinnamomum cassia-derived cinnamic
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acid against different types of candidal species with further
assessments on its bioactive properties.

Materials and methods
Chemicals

Cinnamon bark was obtained from Government Herbal
Farm, Yelagiri, Tamilnadu and the taxonomical nomencla-
ture was confirmed as C.cassia by a Botanist, University of
Madras. Solvents for the extraction such as methanol, ethyl
acetate, and ethanol were purchased from SLC Chemicals
(Delhi, India). Sabouraud Dextrose Agar (SDA), and Sab-
ouraud Dextrose Broth (SDB) were purchased from Himedia
(Mumbai, India). The LIVE/DEADTM Cell Imaging Kit
(488/570) was purchased from Thermo Fisher Scientific,
(USA). Deionized water was obtained from Indion Lab-Q
Water Maker for the aqueous extraction procedure.

Test organisms and antifungal profiling

Five different fluconazole-resistant species of C. albi-
cans, C. glabrata, C. tropicalis, C. kruesi, and C. parap-
silosis (clinical isolates) were retrieved from the repertoire
of the Department of Microbiology and were used for the
study. The cultures of C. albicans, C. glabrata, C. tropicalis,
C. krusei, and C. parapsilosis were inoculated initially into
30 mL of sterilized Sabouraud Dextrose Broth. The suscep-
tibility assays for clinical isolates of Candida species were
evaluated using the microbroth dilution method in sterile
flat-bottom 96-well microplates, following the procedures
outlined in the NCCLS guidelines, M27-A3 document [28].
Amphotericin B was used as a positive control.

Extraction methods
Hot maceration

A Soxhlet solvent extraction apparatus was used for the hot
maceration process using 100 g of dried cinnamon bark pow-
der. With the help of the isomantle, the solvent is heated to
50°C, at which point it starts to evaporate and passes through
the apparatus and into the condenser and the extraction was
performed for sixteen hours. Following the extraction pro-
cess, the products were carefully collected and purified at
a constant temperature of 50 °C using a rotary evaporator.
Using rotavapor, the extracted samples were placed into a
fume hood for an hour to evaporate the remaining ethanol.
The extract was placed in a porcelain bowl until all the lefto-
ver ethanol had evaporated. The yield was weighed using a
digital weighing balance in mg/g and was refrigerated until
further use.
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Cold maceration

In this method, 100 g of C. cassia powder was soaked in
500 ml of 100% cold ethanol in a screw cap bottle. Using
a glass rod, the mixture was thoroughly swirled and was
maintained in a shaker for 72 h with a low RPM. After this,
the extracted compounds were filtered using the Whatman
No. 1 filter paper. Further, the obtained yield was kept in a
rotary evaporator at 40 °C and then stored in a refrigerator.

Aqueous extract

The 100 g of C. cassia bark powder were immersed in
500 ml distilled water and then mixed with a stainless-steel
hand blender. The mixture was kept in a magnetic stirrer for
20 min and was filtered through the Whatman No 1 filter
paper followed by concentration using a rotary evaporator
at 50 °C. Using a digital weighing balance, the amount of
balance material was weighed in mg/g and was refrigerated
until further bioassay evaluation.

Purification by column chromatography

20x 20 cm silica gel F60 packaged column chromatogra-
phy was used for the purification process using a 74-micron
particle-size silica gel as the stationary phase. The extraction
process was carried out using the protocol as described ear-
lier [29]. The mobile phase used was benzene: acetic acid:
and water (6:7:3) as described in an earlier study and the
samples were collected from the column every 5 min [30].
Identification of phenolic acid compound was assessed by
combining 1 ml of purified solvent with 1 ml of Na2CO3
and 0.5 ml of Folin-Denis (FD) reagent and the result was
recorded.

Characterization of cinnamic acid
Fourier transform infrared (FT-IR) spectroscopic analysis

The FT-IR spectrum of the compound was recorded
in Bruker Alpha II 66 V spectrometer in the range of
4000—400 cm™". The spectral resolution is +2 cm™!. The
spectra were recorded in the range of 4000-100 cm™!
with a scanning speed of 30 cm™' min~! of spectral width
2 cm™!. The frequencies of all sharp bands were accurate

to+1cm™.

X-ray diffraction (XRD) analysis

X-ray diffractometer (D8 Advance, Bruker, Germany)
was used to perform XRD analysis. using CuKa radiation
(A=1.5406 A), 40 kV- 40 mA, 26/6 scanning mode. The
advanced diffractometer with an area detector was operated

at Cu Ka radiation of k=0.154 nm. The analysis was per-
formed at room temperature with a voltage of 40 kV and a
current of 40 mA. The scanning range of 20 was set from 5°
to 60° with a scanning speed of 2°/min.

Assessment of antifungal activity

By using the agar-disk diffusion method, the antimicrobial
properties of the extracted CA were evaluated against the
clinical isolates of C. albicans, C. glabrata, C. tropicalis, C.
krusei, and C. parapsilosis. In brief, an inoculum compris-
ing 10® cfu/mL of each 10 uL of fungal solution was made
as lawn culture on the surface of the SDA plates. The plates
were then inoculated with an 8 uLL concentration of CA and
allowed to diffuse at room temperature for two hours. The
culture plates were then incubated at 37 °C for 72 h (a clear
zone around the disk was considered as an antifungal activ-
ity). HiAntibiotic ZoneScale™ (Himedia, India) was used to
measure the fungal growth inhibition zone diameters (mm),
and the results were expressed as the mean value of a trip-
licate experiment.

Determination of minimum inhibitory concentration (MIC)
value

Following the M27-A3 guidelines of the Clinical and
Laboratory Standards Institute, the antifungal activities of
CA was assessed with Amphotericin B as a positive con-
trol against 100 pL of 2 x 103(CFU)/mL C. albicans, C.
glabrata, C. tropicalis, C. kruesi, and C. parapsilosis using
the microdilution method in a 96-well flat-bottomed micro-
titer plate. 8 pL. CA was added and was serially diluted. A
negative control group (drug-free) SDB was carried out, and
the plate was incubated at 35°C for 72 h. MIC was identi-
fied as the lowest drug concentration that resulted in 50%
growth inhibition. Using a microplate reader (Readwell
TOUCHTM, Automatic ELISA Plate Analyser, ROBONIK,
INDIA) optical density was measured at 600 nm. The per-
centage of inhibition (I) of the growth was recorded using
the standard formula [Growth (%) =(Sample OD value)/
(Control OD value)] x 100.

Determination of minimum fungicidal concentration (MFC)

In-vitro minimal fungicidal activity (MFCs) was calculated
for each strain with a slight modification in the method
as documented earlier [31]. Following a 72-h incubation
period, 20 pLL was sub cultured onto the sterile SDA plates.
The plates were incubated at 37 °C for 72 h and the MFC
value was measured as 99-99.5% inhibition by CA and no
growth or <3 colonies in an SDA plate [32].
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Assay for biocompatibility

The MTT assay was used to assess the cell viability of
CA. In brief, Human Gingival Fibroblast (HGF) cells were
seeded onto 12-well plates at a density of 3x 10° cells/
well, cultivated overnight, and then exposed to 8 ug of CA
up to 24 and 48 h. The culture medium was periodically
changed after incubation using 5 mg/ml of PBS. The cells
were allowed to lyse to release the formazan by incubat-
ing them in a 1 ml HCI/ 0.05 N-isopropanol solution for
15 min and the OD value was measured based on the absorb-
ance at 550 nm in an ELISA reader (Readwell TOUCHTM,
Automatic ELISA Plate Analyser, ROBONIK, INDIA). The
percentage of the viable proliferating cells was calculated
using the formula: % of cell viability =[(OD550 nm (treated
cell) — OD (blank)/ (OD (control cell) — OD (blank)] x 100.

Evaluation of time period for maximum biofilm formation

The time taken to form the maximum biofilms by the Can-
dida species was conducted based on an earlier study with
slight modifications [33]. This assay was aimed to determine
the precise day of biofilm formation by the mixed Candida
species for it to be considered for further CLSM analy-
sis. Standard crystal violet staining was used to assess the
impact of various culture times on the development of the
biofilms formed by C. albicans, C. glabrata, C. tropicalis, C.
kruesi, and C. parapsilosis. The yeast cells were cultured in
96-well plates containing SDB and biofilm was formed from
1—S5 days. The growth pattern of combined Candida species
biofilms was assessed over an extended culture period. Bio-
film formation and reduction were quantified by measuring
OD values at 600 nm using an ELISA reader.

Analysis for the live cells using CLSM

Tooth models were coated with artificial saliva to resemble
the oral cavity and were placed in a 24-well culture plate
under aseptic conditions. To create the salivary pellicle, the
plate was incubated aerobically for one hour at 35 °C on an
orbital shaker. Following the transfer of saliva-coated teeth
to a second 24-well culture plate, each well was filled with
five different species of candidal suspension. These sets
underwent an adhesion phase of 90 min of aerobic incuba-
tion in an orbital shaker at 35 °C. The tooth was then slowly
rinsed with PBS and placed onto fresh 24-well culture plates
that contained SDB culture medium and were enriched with
sucrose. The tooth models were left for 3 days (as evalu-
ated in the above method) to form the multi-species biofilm.
Following 3-day intervals, the teeth in the treatment group
were cleaned with PBS and then given a 6-h treatment with
8 ug of CA. The plates were kept in an incubator at 35 °C
for 72 h. After treatment, the teeth were slightly washed
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Table 1 Evaluation of fluconazole resistance among the five dif-
ferent species of Candida as determined by the MIC breakpoints.
(NCCLS—Microbroth dilution assay)

Candida species  Fluconazole (ug/ml)

MICs, MICy, MICrange  Interpretation
C. albicans 8 16 1->128 >64 (R)
C. glabrata 64 128 0.12->128 >16 (R)
C. tropicalis 8 16 0.06->128 >8(R)
C. krusei 2 8 0.25->128 >8 (R)
C. parapsilosis 2 8 0.06->128 >8 (R)

MIC minimum inhibitory concentration, R resistant

Table2 Comparative evaluation on the percentage of yield as
obtained by three different methods of extraction of CA from C. cas-
sia

S.No Maceration method Yield (%)
Hot maceration 6.73
Cold maceration 3.67

3 Aqueous maceration 5.31

with sterile distilled water. The control and treated tooth
models were labelled with 2.5-IM SYTO-9 and Propidium
iodide (PI) fluorescent stain (Invitrogen Molecular Probes,
USA) with further incubation for 20 min at 35 °C in the
dark. Using a Leica microscope (CMS GmbH—DMIS Ger-
many) equipped with a 63 9, 0.8 numerical aperture oil-
immersion objective lens, the structural organization of the
biofilm was evaluated. An argon laser tuned at 488 nm and
a helium—neon laser tuned at 543 nm wavelength were used
in CLSM to measure SYTO-9 (green; 480/500) and PI (red;
555/580). The presence of live and dead candida cells was
labelled as red and green, respectively.

Results
Antifungal profiling for the resistant strains

Resistance against fluconazole was observed as of guidelines
and fluconazole resistant strains from each species were
subjected for the antifungal bioassay. The determined MIC
breakpoints and selection was given in Table 1.

Yield of CA in various extraction methods

Three different methods of extraction such as soxhlet, cold,
and aqueous extraction procedures were used to extract CA
from the cinnamon bark. The extraction yield from each
method was given in Table 2 with the maximum extract of
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6.73 mg using the hot maceration method. Based on the pro-
cess time, solvent use, and energy expenditure hot macera-
tion method was evaluated as the best method to extract CA.

CA purification by column chromatography

From the C. cassia extract, benzene, acetic acid, and water
(6:7:3) as mobile phase was successful in obtaining the elu-
ants. Presence of phenolic acid was confirmed using a nega-
tive reaction upon adding ferric chloride. The absence of
the formation of violet color indicated the pure form of CA.

FT-IR analysis of CA

The FTIR spectra of CA is displayed in Fig. 1. The absorp-
tion peaks that are lower than 3000 cm~! (2825 cm™!) and
higher than 3000 cm™! (3062 and 30264 cm™") are ascribed
to the saturated and unsaturated C—H vibrations of cinnamic
acid, respectively. The carboxyl groups are responsible for
the significant absorption at 1668 cm™!, whereas the aro-
matic ring's C=C group is responsible for the absorption
bands at 1623 cm™, 1492 cm™', and 1446 cm™".

X-ray diffraction (XRD) analysis of CA

The XRD pattern of the synthesized CA is shown in Fig. 2
and it is clear that the XRD patterns represent CA's strong
intensity and crystalline structure. The peaks at 2-Theta
CA revealed medium-to-strong reflections that were sharp
and well-defined peaks at 2-Theta CA showed sharp and
well-defined reflections with medium-to-strong intensi-
ties. The main 2 h reflections were found at 9.69°, 15.13°,
18.69°, 19.75°, 20.13°, 21.79°, 23.00°, 23.83°, 25.34°,

27.23 °,29.66°, 30.71° and 40.62°, revealing the crystal-
line form of CA. The practical size of the prepared CA
was calculated using Scherrer's formula. D =K\/$1/2Cos®,
where D is the particle size, A is the X-ray wavelength (Cu
ka, 1.54060 A), 0 is the diffraction angle, and f is the fall
width at half maximum (FWHM in radians), and K=0.89
is the Scherer constant associated with the form and index
of the crystals.

Antifungal activity and MIC/MFC value of CA

CA obtained through hot maceration demonstrated sub-
stantial inhibition against all five resistant yeast species
tested through the agar well diffusion method and it ranged
from 20+ 0.5 to 25+ 1.0 (Table 3, Fig. 3). Amphotericin
B was used as a control which exhibited an MIC value at
32 pg/mL against all the resistant strains. The pathogens
C. albicans and C. parapsilosis exhibit 50% inhibition at
a concentration of 0.8 ug/mL. Conversely, a concentration
of 0.08 pg/mL demonstrates 50% inhibition against other
species such as C. glabrata, C. tropicalis, and C. krusei.
The minimum inhibitory concentration (MIC) of cinnamic
acid was established at 0.8 ug/mL, effectively inhibiting
the visible growth of Candida species in microwell culture
plates following a 24-h incubation period (Table 4). In
the Minimum fungicidal concentration (MFC) analysis,
fungal colonies diminished progressively with increasing
concentrations of CA. Concentrations of 0.8 ug/mL for
C. albicans and C. parapsilosis and 0.08 pg/mL for other
species are identified as the MFC and exhibited 99-99.5%
killing activity (Fig. 4).
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Fig.2 X-ray diffraction (XRD) spectrum depicting the crystalline structure of purified cinnamic acid, providing insights into its molecular

arrangement and characteristics

Table 3 Antifungal efficacy of

> . Test Organisms ~ Zone of
CA from C. cassia against the inhibition
five different Candida sp., as (mm)
determined by measuring the
zone of inhibition using disc C. albicans 2542.08
dlffuspn rpethod (Mean value C. glabrata 204 1.0
from triplicates)
C. tropicalis 22+2.64
C. krusei 23+1.0
C. parapsilosis ~ 20+2.64

Biocompatibility of CA

CA did not affect the viability of normal human gingival
fibroblast (HGF) cells at the evaluated concentrations (7.5
to 9 pg/ml) after 5 to 24 h (Fig. 5). After CA treatment for
24 h, there was no significant differences in the number of
cells as compared to controls. C. cassia derivative, CA, did
not affect the cell viability up to 8.5 yug/ml concentration.

Antibiofilm effect of CA against Candida species
Figure 6 illustrates the biofilm formation of the tested Can-

dida strains, with elevated OD600 values observed on the
initial two days, indicating cell proliferation. By the third
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day, a notably higher OD value suggested the highest biofilm
formation. However, on the fourth and fifth day, the OD
values decreased, indicating the deterioration of the biofilm
strength. Based on this the third-day biofilm was selected for
the confocal microscopic studies after treatment with CA.

CLSM results

Using a Leica DMi8 microscope, the biofilm mass of both
control and CA-treated biofilms was examined using live/
dead (SYTO 9/PI) staining. The live yeast cells emit green
fluorescence in the first column, red fluorescence in the sec-
ond column, and a combination in the third column (Fig. 7).
The results of the control and treatment group combined
pictures clearly show that SYTO 9 fluorescence was reduced
and PI fluorescence was increased in the treatment group
80% dead and 20% of viable cells.

Discussion

Invasive fungal infections are becoming a common medical
issue, leading to a global health burden. Invasive candidiasis,
which includes Candida bloodstream infections and deep-
seated candidiasis, presents a persistent health challenge.
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A

Fig.3 Evaluation of the anticandidal activity of cinnamic acid using the agar disk diffusion method against various Candida species: A C. albi-

cans, B C. glabrata, C C. tropicalis, D C. krusei, E C. parapsilosis

Table 4 Determination of

. - Organism Amp B 32 ug 8 ug 0.8 ug 0.08 pug 0.008 ng
the minimum fungicidal
concentration (MFC) of C. albicans CFU 3.42x102 0 0.15x10>  042x10*>  5.89x102
cinnamic acid showing the Log reduction  0.466 100 1.824 1.376 0.229
reduction of the colony forming
units at various concentrations % Reduction 65.8 100 985 95.8 41.1
C. glabrata CFU 2.98%10? 0 0 0.02x10>  0.43x10°
Log reduction 0.525 100 100 2.699 1.366
% Reduction 70.2 100 100 98.7 95.7
C. tropicalis CFU 2.76x10? 0 0.01x10>  0.13x10>  0.543x10?
Log reduction 0.551 100 3 1.886 0.265
% Reduction 72.4 100 999 98.7 45.7
C. krusei CFU 2.93x10% 0 0.01x10%2  0.07x10>  1.75x10?
Log reduction 0.533 100 3 2.155 0.757
% Reduction 70.7 100 999 99.3 82.5
C. parapsilosis ~ CFU 3.65%10? 0 0.05%x10>  0.58x10>  3.47x10?
Log reduction  0.437 100 2.301 1.236 0.4597
% Reduction 63.5 100 995 942 65.3

These infections, stemming from various Candida species,
carry significant morbidity and mortality rates [34]. In
immunocompromised patients, systemic fungal infections
cause more morbidity and mortality [35]. The propensity of
drug resistance among the candidal strains affects the treat-
ment strategies with the existing arsenal of antifungals, such
as azoles, polyenes, and echinocandins, that are employed in
the treatment of invasive infections. Thus, there is an urgent
need for novel antifungals, yet the pursuit of drug discovery

is challenged by the phylogenetic preservation of targetable
proteins and pathways in both fungi and humans [36].

This has led to the need for newer antifungal agents that
may be synthesized or produced from plant-based prod-
ucts. Plant-based therapeutic application to treat systemic
fungal infections is evident from many studies [37]. In this
context, amidst many reported potent phytoconstituents,
the pharmacognostic studies on the cinnamon plant have
revealed vital chemical constituents with valuable biological
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Fig.4 Determination of the
Minimum Inhibitory Concentra-
tion (MIC) of cinnamic acid
extracted from C. cassia against
the Candida species under study
based on the percentage of
growth inhibition

Fig.5 Assessment of cell via-
bility in normal human gingival
fibroblast cells at increasing
concentrations of cinnamic acid,
showing high biocompatibility
with least cytotoxicity
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Fig. 6 Determination of time period showing maximum biofilm formation at day 3 by C. albicans, C. glabrata, C. tropicalis, C. krusei, and C.

parapsilosis
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Fig. 7 Confocal Laser Scanning Microscopy (CLSM) images of the control and CA treated tooth samples (biofilm models). Channel 1 (chl) dis-
plays live cells, Channel 2 (ch2) shows dead cells, and the combined image illustrates both live and dead cells

functions. The phytoconstituents as reported from the C.
cassia encompass majorly, of eugenol, cinnamaldehyde, and
cinnamic acid [38]. However, not many studies have been
evident to prove its antifungal role against drug-resistant
candidal strains. Thus, in the present investigation, we intend
to screen for the vital bioactivity of the extracted CA against
the drug-resistant strains of Candidal species.

Solvent extraction systems play a vital role in releasing
the important phytoconstituents from the plant source and its
application varies with different solvent extraction methods.
In the present study, we applied three types of extraction
methods, and we compared the yields in different methods.
The findings revealed that there is a significant correlation
between the solvent extraction methods applied and the
extraction yield. Compared to the cold and aqueous extrac-
tion methods, the ethanol extraction through hot maceration
was the best based on the obtained yield. This is because
ethanol may penetrate the cinnamon bark matrix increas-
ing the swelling process as reported in earlier studies and is
shown as the best method to extract CA [39, 40]. The yield
in the present study was 6.73 mg/mL from 100 g of C. cassia
bark correlating with an earlier study where 150 g of cin-
namon bark yielded 10.5 mg/mL of yield substantiating the
higher yield in the hot maceration method [41].

FT-IR spectra and characterization of CA revealed two
different bands at 3024 cm — 1 and 3063 cm — 1, attributing
to the stretching of the C-H alkene bond, revealing two other
bands C=0 and C=C bonds that have correlated with an

earlier study [42]. The major compound's aromatic ring pres-
ence is confirmed by the presence of C=C bands. The C-H
bonds observed in the present study also were similar and
correlated with the earlier report [43]. XRD pattern at 2 h
reflections were also observed at different ranges with the
reflections as sharp and well-defined, intensity varying from
medium to strong. These reflections closely resemble those
observed in the crystalline structure of CA, as documented
in an earlier study [44]. These observations confirmed the
presence and the structure of the CA extracted from the bark
of the C. cassia.

It is a known fact that the extraction method using vari-
ous solvents holds promise for the antimicrobial bioassay.
In this line, we performed the antimicrobial test using the
ethanol extract of CA and various previous documents have
applied the same for the anticandidal activity of cinnamic
extract [45]. The underlying antimicrobial effect of CA has
been associated with its ability to penetrate the cytoplasmic
membrane, altering the membrane structure and leading to
increased cellular permeability and leakage resulting in cell
death [46]. In the present study, the antimicrobial activity
was observed at 8 ug/mL concentration correlating with an
earlier study documenting the same at 10 pug/ml [47]. The
antimicrobial activity against the drug-resistant strains at
this lower concentration is a promising finding in the present
investigation.

Similarly, MIC value was determined as 0.8 pg/ml for C.
albicans, C. parapsilosis, and 0.08 ug/ml for C. glabrata, C.
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tropicalis, and C. krusei. Prior research has documented the
antifungal efficacy of cinnamic acid and related compounds
against resistant C. albicans with an MIC value of 128 ug/
ml in contrast with the present study [26]. In terms of MFC,
99% of colony reduction was observed at different dilutions
of CA (0.8 pg/ml and 0.08 pg/ml correlating with an earlier
study [48].

Another promising finding of the present study was the
biocompatible nature of the CA checked in the HGF cells
at three distinct concentrations 7.5 pg to 9 ug until 24 h.
This observation substantiates its oral application as a drug
of choice which needs further experimental-based research.
Earlier such a study has reported the biocompatibility of CA-
mediated gold nanoparticles at a concentration of 0, 0.25,
0.5, 0.75, and 1 mg/mL at 24 h in human fibroblast cells
[49]. However, the biocompatibility checks at the lowest
concentration of 8.5 pg/mL in the present study for longer
hours are to be noted for the selection of the compound to
design a novel drug in the future.

In our findings, we observed the biofilm formation pro-
gressing from initial adhesion to maturation. Notably, the
OD600 of the multispecies biofilm reached its peak on the
third day and thus the initial two days were considered as
the initial adhesion phase, while on the fourth and fifth days,
the biofilm was disrupted likely due to nutrient depletion.
This study identifies the third day as the critical period for
multispecies biofilm formation among Candida species.
Interestingly, previous research on Staphylococcus aureus
and Escherichia coli biofilms indicated the second day as
the best biofilm formation [33]. Regarding the antibiofilm
property, cinnamic acid demonstrated significant antifun-
gal activity against Candida species. Previous such studies
have highlighted the antibiofilm effects of Hydroxypropyl
chitosan-cinnamic acid (HPCS-CA) derivatives, inhibiting
biofilm formation by Staphylococcus aureus and Escherichia
coli [33]. Our findings indicate that biofilms treated with CA
for 6 h exhibited a substantial reduction in live cells, further
supporting their anti-biofilm activity.

The limitation of the present study involves the lack of the
clinical application of CA through in-vivo studies and this
study is basically on the observation that primarily stems
from in-vitro research. It is a known fact that natural com-
pounds like CA demonstrating anticandidal effects in labo-
ratory settings may not necessarily translate to similar out-
comes inside the host. The future prospects of the study are
thus set to delve deeper into understanding its mechanisms
of action and exploring its efficacy against various Candida
species and strains. Moreover, there's potential for optimiza-
tion of extraction methods to enhance the yield and purity
of cinnamic acid from C. cassia. Future studies may also be
focused on evaluating its synergistic effects with other anti-
microbial agents or exploring novel delivery mechanisms
to improve its bioavailability and efficacy. Additionally,

@ Springer

investigations into the safety profile and potential adverse
effects of cinnamic acid extract will be crucial for its clinical
translation. Overall, continued research efforts in this direc-
tion hold significant promise for harnessing the Candidal
infections using CA.

Conclusion

CA was successfully extracted and characterized in the pre-
sent study from the barks of C. cassia. The anticandidal
effect of CA was promising against five different species
of Candida that exhibited resistance against the routine
antifungal fluconazole. CA may be considered as the best
alternative drug candidate to treat drug-resistant traits of
Candida species. The findings of the present study document
the antimicrobial, antibiofilm, and biocompatible nature of
CA. The study further warrants the need for experimental
evidence-based research works to design and synthesize CA
as a novel drug to treat candidal infections in health care
settings.
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