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ABSTRACT

Background: The growing incidence of antifungal resistance in Candida species presents a major clinical concern,
highlighting the need for alternative therapeutic strategies. This study aimed to evaluate the synergistic potential of
Elettaria cardamomum extract (ECE) in combination with conventional antifungals-amphotericin B, clotrimazole, and
ketoconazole - against oral Candida isolates, to enhance antifungal efficacy.

Methods: A cross-sectional study was conducted from June 2024 to June 2025, including 161 clinical isolates of
Candida species obtained from oral cavity. Identification was performed using standard mycological techniques.
Antifungal susceptibility testing of ECE alone and in combination with standard drugs was carried out using the
checkerboard microbroth dilution method. Fractional Inhibitory Concentration Index (FICI) were calculated to interpret
the type of interaction - synergy, additive, indifference, or antagonism and statistical analyses compared susceptibility
profiles between clinical isolates and control strain.

Results: ECE significantly potentiated the activity of azole antifungals, particularly ketoconazole, across all Candida
species. The ketoconazole and ECE combination showed the highest synergy in C. albicans, with additive or synergistic
interactions also observed in C. tropicalis and P. Kudriavzevii. Clotrimazole and ECE exhibited additive to moderate
synergy, while amphotericin B and ECE combinations were largely indifferent or antagonistic. Clinical isolates
exhibited higher MICs and lower synergy compared to control strains, indicating resistance trends.

Conclusions: ECE combined with imidazole antifungals demonstrated promising synergistic or additive activity,
suggesting potential benefits such as reduced dosage, minimized toxicity, and delayed resistance. Further studies on
phytochemical profiling, optimized formulations, and in vivo validation are warranted to support clinical application.

Keywords: Amphotericin B, Clotrimazole, Ketoconazole, Elettaria cardamomum extract, Candida species,
Checkerboard microbroth dilution assay, FICI, Synergy, Additive, Indifference, Antagonism

INTRODUCTION pathogenic forms under certain predisposing conditions,

leading to infections collectively known as candidiasis.
Candida species are unicellular, yeast like fungi and one Among various SpeC.iGS of this yeast, Candida albicans are
of the most common commensals colonizing mucosal more frequently isolated. Other species such as
surfaces of human beings, that can transform into Nakaseomyces glabratus (formerly known as Candida
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glabrata), Candida tropicalis, Candida parapsilosis
complex, Pichia kudriavzevii (formerly C. krusei) and
Meyerozyma  guilliermondii ~ (formerly Candida
guilliermondii) are also being frequently isolated mainly
from HIV infected individuals.! The treatment of
candidiasis largely depends on a limited number of
antifungal drugs such as  polyenes, azoles,
fluoropyrimidines and echinocandins. Among these,
amphotericin B (polyene antifungal), has been considered
as “gold standard” for severe invasive fungal infections,
that act by binding to ergosterol in the fungal cell
membrane, resulting in cell lysis and death.>3 Azoles
particularly imidazoles such as clotrimazole and
ketoconazole, act by inhibiting fungal enzyme lanosterol
14-a- demethylase, which is essential for the synthesis of
ergosterol.* However, the use of these conventional
antifungals are being limited due to its high toxicities and
emerging drug resistance especially by Non-albicans
Candida (NAC) isolates.

Developing novel antifungal agent is a resource-intensive
process, hence combination therapy, involving the
simultaneous administration of multiple antimicrobial
agents, has emerged as a promising approach to enhance
treatment efficacy.’ Lately, there has been a surge in
attention towards natural products as potential sources of
new antimicrobial compounds or as addition to existing
therapies.® Many plant derived compounds possess
intrinsic antifungal properties and may show synergistic
effects when combined with conventional antifungal thus
overcoming the various resistance mechanism shown by
the organism. Specifically, Eletteria cardamomum (small
cardamom) extract, have demonstrated potential in
augmenting antifungal activity against Candida species,
due to their rich composition of bioactive compounds such
a-terpinyl acetate.” The extract has anti-inflammatory,
anti-cancer, anti-oxidant, gastroprotective activities along
with antifungal activity because of which this extract was
chosen to evaluate the synergistic potential in combination
with antifungal agents — amphotericin B , clotrimazole and
ketoconazole by checkerboard microbroth dilution assay.®

METHODS

The present cross-sectional study was conducted between
June 2024 and June 2025, performed at School of Medical
Education (SME), Kerala, India. During this period, a total
of 161 oral Candida isolates retrieved from the culture
collection of Department of Medical Microbiology,
Gandhinagar, Kottayam, Kerala, India was included in the
present study, while other Candida isolates were excluded.
To ensure the accuracy of identification, gram staining was
performed which revealed Gram positive budding yeast
cells. This was then sub-cultured onto HiCromeTM
Candida Differential Agar, for further confirmation and
species level identification. Elettaria cardamomum extract
(ECE) was supplied by Zum Heilen Health Care Private
limited. Amphotericin B, ketoconazole and RPMI-1640
broth were purchased from HiMedia Laboratories,
Mumbai, India. Clotrimazole was purchased from Tokyo

Chemical Industry (India) Pvt Ltd. For standardisation of
the test, C. albicans MTCC227, purchased from Institute
of Microbial Technology (IMTECH), Chandigarh, India,
was used.

Determination of antifungal activity

Dimethyl sulfoxide (DMSO) was used as the solvent for
amphotericin B and ethanol for azoles due to their poor
water solubility and RPMI-1640 broth as the diluent for
subsequent dilutions ranging from 16ug/ml-0.016 pg/ml
(amphotericin B), 256pg/ml-0.25pg/ml (clotrimazole),
128 pg/ml —0.125 pg/ml (ketoconazole), according to
CLSI M27-A3 guidelines.9 Two-fold serial dilutions of
ECE was prepared in RPMI-1640, with concentration
ranging from 0.5ul/ml to 0.008 pl/ml The antifungal
activity of amphotericin B, clotrimazole, ketoconazole and
ECE were evaluated against the control strain C. albicans
MTCC 227, using the microbroth dilution method.
Inoculum was prepared following CLSI guidelines.’ Equal
amount of organism was added to each well and incubated
at 35°C for 24-48 hours. After incubation the Minimum
Inhibitory Concentration (MIC) was read visually as the
lowest drug concentration that prevents any detectable
growth.

Checkerboard assay

It is a two-dimensional broth microdilution method
performed in a sterile 96 well U bottom microtitre plate.
The procedure was done according to protocol described
by Schwalbe et al with minor modifications.!® Briefly,
dilutions of ECE was made along the Y axis of the
microtitre plate. Initially, 50 pl of RPMI-1640 broth was
dispensed into all wells of rows B-H. Subsequently, 50 pl
of ECE was added to wells B1-B12. Then two-fold serial
dilutions of ECE were done vertically from wells B1-H1,
B2-H2, and so on, up to B12-GI12, to achieve a
concentration range from 0.5 pl/ml to 0.008 pl/ml.
Dilution of antifungal was done along the X-axis of the
microtitre plate. 50 pl from the prepared two-fold dilution
series, ranging from highest to lowest concentration were
added to column 2—12, respectively, to make a horizontal
two-fold dilution. 50 pl of inoculum was added to all wells
except Al, which served as sterility control. The plate was
then incubated for 24 -48 hours at 35°C. Now the wells in
row A (A2-A12) contain dilution series of antifungal
alone. And in the wells of column 1 (BI-H1) contain the
dilution series of ECE alone. The wells B2-B12, C2-C12,
so on up to H2-H11, contain the combination series. H12
served as growth control containing 50 pl of RPMI-1640
broth and 50 pl of organisms. Each well was visually
examined for growth by comparing it to the growth control
and confirming the absence of growth with the sterility
control. MIC values of both antifungal and ECE alone and
in combination was determined by identifying the well
with least concentration of drug that showed no visible
growth.
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For each drug combination, the Fractional Inhibitory
Concentration (FIC) of the agent was determined. The FIC
for an agent in a given well was calculated by:

FIC of Antifungal — (MIC of Antifungal in Combination)
(MIC of Antifungal Alone)

(MIC of Extract in Combination)
(MIC of Extract Alone)

FIC of Extract =

Fractional Inhibitory Concentration Index (FICI) of each
well was calculated by adding the FIC values of both
agents in that particular combination.

FICI = FIC of Antifungal + FIC of Extract

Based on the calculated FICI values, the results were
interpreted as follows: synergy when FICI <0.5, additive
when  0.5<FICI<1, indifference: 1<FICI<4, and
antagonisim when FICI >4.

Statistical analysis

All data and graphs were processed using Microsoft Excel
and appropriate statistical analysis were performed. The
Study was approved by the Institutional Ethical
Committee (IEC) at the School of Medical Education,
Kerala, India.

RESULTS

A total of 161 oral Candida isolates belonging to C.
albicans, comprising 53% isolates (n=85) followed by C.
tropicalis with 30% isolates (n=48) and P. kudriavzevii
with 14% isolates (n=22). Less frequently encountered
species included C. parapsilosis, C. lusitaniae, and M.
guilliermondii, each represented by 1% isolates,
contributing (n=2 each) individually to the total
distribution, as shown in Figure 1. As these three species
were lesser in number, they were not included in the
statistical analysis but included in the experimental study.

B Candida tropicalis

B Candida parapsilosis

M Candida albicans

M Pichia kudriavzevii

m Meyerozyma guilliermondii B Clavispora lusitaniae

Figure 1: Percentage distribution of Candida species.

The MICs of selected drugs and ECE were evaluated
against the control strain C. albicans MTCC 227.
Amphotericin B (0.125 pg/ml) with ECE (0.125 pl/ml)
produced an indifferent interaction (FICI=1.0625).
Clotrimazole (16 pg/ml) and the ECE (0.125 pl/ml)
showed an additive effect in combination (FICI=0.625). In
contrast, ketoconazole (16 pg/ml) combined with the ECE
(0.125 pl/ml) showed synergism (FICI=0.33), reducing.
Overall, ECE enhanced azole activity, particularly that of
ketoconazole against control strain.

Clinical isolates of Candida uniformly showed reduced
susceptibility to all tested antifungals compared to the
control strain, assessed by one sample t test indicating
varying levels of resistance. While comparing activity of
ketoconazole MIC against clinical isolates (mean 47.25
pg/ml) and control strain (16 pg/ml) showed an increased
significant MIC (p<0.001), while ECE alone exhibited a
lower MIC value of 0.1103 pl/ml and 0.125 pl/ml

respectively. In combination, ECE’s MIC (0.0253 pul/ml)
was significantly higher than the test value 0.015 pl/ml
(p=0.000), and the mean FICI (0.5) significantly greater
than the benchmark value of 0.33 (p<0.001) indicated
synergism, though weaker in clinical isolates. Similarly,
clotrimazole showed elevated MICs (mean 42.9 pg/ml)
compared to the control (16 pg/ml, p<0.001), which
decreased significantly in combination (16.58 vs. 8 ng/ml,
p<0.001). Although the ECE showed comparable activity
across all strains, its mean MIC in combination against
clinical isolates (0.03 pl/ml) was significantly higher than
the control strain value of 0.016 ul/ml (p=0.002),
reflecting that clinical isolates required nearly double the
concentration compared to the control strain for equivalent
inhibition. The mean FICI was 0.68 in clinical isolates,
significantly higher than the control strain value of 0.625
(p=0.015) which reflected an additive interaction. In
contrast, amphotericin B demonstrated reduced efficacy
with the mean MIC of clinical isolates (0.44 ng/ml) being
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statistically and significantly higher than the test value of
0.125 pg/ml (p<0.001). In combination therapy, the mean
MIC of amphotericin B in clinical isolates (0.4 pg/ml)
remained significantly higher than the test value of 0.125
pg/ml (p<0.001). The mean MIC of the extract against
clinical isolates (0.07 pl/ml) was significantly lower than
that of the control strain value of 0.125 pl/ml (p<0.001),
suggesting that the extract maintained potent inhibitory
activity against isolates without evidence of resistance.
However, when tested in combination, the mean MIC in
clinical isolates (0.05 ul/ml) was significantly higher than
the test value of 0.0078 pl/ml (p<0.001), reflecting that
clinical isolate required considerably more extract
compared to the control strain for equivalent inhibition.
The overall mean FICI of amphotericin B for clinical
isolates was 2.15, significantly higher than the control
strain value of 1.0625 (p<0.001), suggesting a shift from
an indifferent profile in control strain to an antagonistic
interaction in clinical isolates.

When the combined activity was evaluated using the ¥?
square test, significant differences were observed in the
interaction profile between a primary antifungal
(amphotericin B, clotrimazole or ketoconazole) and
extract among the three species studied. For C. albicans,
ketoconazole produced the most favourable outcome
(62.4% synergy, 32.9% additive, 4.7% indifference, 0%

antagonism with 95% net positive), making ketoconazole
the most promising agent for enhancing activity, while
clotrimazole combinations yielded a strong positive profile
(60.0% additive, 21.2% synergy, 18.8% indifference, 0%
antagonism with 81% net positive interactions) ;in contrast
amphotericin B combinations were dominated by
indifference (55.3%) with a substantial antagonism
(18.8%), indicating little benefit and negative effect from
combination with the extract; A similar pattern holds for
C. tropicalis: ketoconazole again showed substantial
synergy (58.3%) with further additive effects (29.2%),
clotrimazole gave a very high additive benefit (79.2%)
with additional synergy (12.5%), amphotericin B
combinations were mostly indifference (66.7%) with
minor antagonism (4.2%) therefore, clotrimazole and
ketoconazole combinations both provide meaningful gains
while amphotericin B does not. For P. kudriavzevii,
ketoconazole dominated with a high true synergy rate
(72.7%) and minimal antagonism, and clotrimazole
produced a balanced response (36% additive, 27%
synergy, 36% indifference; 63.7% net positive), whereas
amphotericin B was again largely ineffective in
combination (72.7% indifference), making it clearly the
most effective drug against this species (Table 1)
(Figure 2).
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Figure 2: Comparison of antifungals/ECE activity against three yeast species.
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Table 1: Checkerboard assay for the determination of combined activity for antifungals with ECE.

FICI interpretation

Organisms Antifungals

Synergy (%)
. Amphotericin B 4 (4.70)
C. albicans Clotrimazole 18 (21.20)
Ketoconazole 53 (62.40)
Amphotericin B 2 (4.20)
C. tropicalis Clotrimazole 6 (12.50)
Ketoconazole 28 (58.30)
Amphotericin B 2 (9.10)
P. kudriavzevii  Clotrimazole 6 (27.30)
Ketoconazole 16 (72.70)

In other species, C. lusitaniae (n=2) and M. guilliermondii
(n=2) demonstrated synergistic effects while C.
parapsilosis (n=2) showed additive effects for both tested
strains with ketoconazole. In case of clotrimazole, additive
interactions were consistently observed across all species,
while amphotericin B combinations yielded indifferent
results.

Overall, ketoconazole-based combinations consistently
produced the highest proportions of true synergy across
species, clotrimazole yielded substantial
additive/synergistic benefit (particularly for C. tropicalis
and C. albicans), and amphotericin B combinations were
the least advantageous and in some cases antagonistic;
these findings support prioritizing azole (especially
ketoconazole) combination strategies over amphotericin B
for enhanced antifungal effect, while cautioning against
combinations with amphotericin B without further targeted
evaluation.

DISCUSSION

The increasing problem of antifungal resistance presents a
major challenge in managing candidiasis, particularly
affecting immuno-compromised patients, where invasive
candidiasis often leads to severe complications or death.
Treatment options remain limited, with azoles such as
ketoconazole, clotrimazole and polyenes like amphotericin
B being widely used. However, increasing resistance to
these antifungals has raised concerns about treatment
failures and long-term efficacy. These limitations
highlight the need for an alternative therapy that enhance
antifungal activity, reduce drug dosage, and delay
resistance development. Plant-derived phytochemicals
have gained interest because of their broad bioactivity,
accessibility, and lower toxicity. ECE, known for its
antimicrobial and medicinal properties, was evaluated in
this study for its antifungal potential in combination with
antifungals against clinical candida isolates.

A study undertaken by Prabhakaran et al, reported that
ethanolic and acetonic extract of E. cardamomum
completely inhibited biofilm formation by multidrug
resistant C. albicans, at concentrations of 200 ul and 125
ul respectively.!! Similarly, Noumi et al showed that E.

Additive (%) Indifference (%) Antagonism (%)
18 (21.20) 47 (55.30) 16 (18.80%)

51 (60) 16 (18.80) 0

28 (32.90) 4 (4.70) 0

12 (25.00) 32 (66.70) 2 (4.20%)

38 (79.20) 4 (8.30) 0

14 (29.20) 6 (12.50) 0

4 (18.20) 16 (72.70) 0

8 (36.40) 8 (36.40) 0

2 (9.10) 4 (18.20) 0

cardamomum essential oil exhibited stronger antifungal
property than itraconazole, with MIC values ranging from
0.097 to 0.78 mg/ml and produced significant antibiofilm
and anti-exoenzyme effects, achieving up to 99% biofilm
inhibition in C. albicans.'> These studies collectively
emphasize that cardamom-derived phytochemicals,
particularly a-terpinyl acetate and 1,8-cineole, possess
intrinsic antifungal and anti-virulence activities, with their
potential extending beyond simple growth inhibition to
interference with virulence mechanisms, thereby
supporting the applicability of E. cardamomum in
combination therapies. The present investigation
confirmed this activity, with ECE exhibiting consistent
inhibitory effects across different Candida species,
suggesting consistent inhibitory potential without
evidence of resistance. Furthermore, Tiwari et al
confirmed the antifungal activity of cardamom oil against
C. albicans, reporting MIC values between 64—128 pg/ml,
thus providing additional evidence of its direct inhibitory
effect on fungal growth.” In contrast, the present study
additionally demonstrated that ECE exhibited clear
synergistic activity when combined with ketoconazole,
reinforcing recent reports that emphasize the enhanced
antifungal efficacy of ECE when used in combination with
azole antifungal agents.

The present study is a novel investigation to best of our
knowledge; hence we have compared similar studies using
other extract in traditional medicine. An Investigation by
Feng et al evaluated the antifungal potential of four
Traditional Chinese Medicine (TCM) extracts against C.
albicans and explored their synergistic interactions with
the conventional antifungal agent clotrimazole.'
Clotrimazole showed a potent individual MIC of 1.25
pg/ml among the extracts tested, Coptis chinensis emerged
as the most potent, with MIC and MFC values of 30 mg/ml
and 60 mg/ml respectively and achieving an inhibition rate
of 99.6% at its highest concentration. Notably, C.
chinensis exhibited strong synergy with clotrimazole, with
a fractional inhibitory concentration index (FICI) of 0.25.
In addition to this synergy, several additive interactions
were reported. For example, both Oroxylum indicum and
Verbena officinalis demonstrated additive effects when
combined with C. chinensis (FICI=0.56 for both). Additive
interactions were also observed in specific triple
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combinations, including Verbena officinalis, C. chinensis
and clotrimazole (FICI=0.56) and C. chinensis, eugenol
and clotrimazole (FIC=0.53). Even the positive control
combination of clotrimazole and eugenol yielded only a
weak additive effect (FICI=1.0). These findings
underscore that while strong synergy is achievable,
additive interactions remain valuable, particularly
considering V. officinalis’s longer-lasting antifungal
activity against C. albicans, highlighting the potential of
these combinations as promising adjuvant therapies. The
present study similarly demonstrated that the combination
of clotrimazole and ECE exerted a significant additive
antifungal effect against a broad spectrum of Candida
species isolated from oral samples. For the control strain,
C. albicans MTCC 227, the combination produced a FICI
of 0.625, indicating an additive effect. Across all clinical
isolates, the overall mean FICI was 0.68, also within the
additive range (0.5-1.0). Of these, 18.6% exhibited
synergy, 64% showed additivity, and 17.4% demonstrated
indifference, with C. tropicalis isolates showing a
pronounced skew toward additivity (79.2%). Importantly,
clinical isolates presented significantly higher MICs for
clotrimazole alone (e.g., C. albicans 42.92 pg/ml vs. 16
pg/ml in the control strain), indicating reduced
susceptibility or potential resistance in clinical settings.
Furthermore, the mean FICI in clinical isolates (0.68) was
significantly higher than that observed in the control strain
(p=0.015), suggesting diminished but still additive
responsiveness to the combination in real-world strains.

The study done by Wagle et al on-areca nut extract
combined with ketoconazole demonstrated a synergistic
antifungal effect against C. albicans, where the bioactive
compounds in areca nut, such as phenolics, saponins, and
alkaloids, enhanced the fungicidal activity of
ketoconazole, improving its effectiveness in vitro.'* In
comparison, the present study similarly demonstrated
synergistic antifungal activity between ketoconazole and
ECE against Candida species, indicating that
phytochemicals derived from diverse plant sources can
potentiate the action of azole antifungals, possibly through
complementary mechanisms involving disruption of
fungal cell integrity or interference with metabolic
pathways. These synergistic interactions substantiated by
checkerboard analysis (FICI<0.5), which revealed a
marked reduction in ketoconazole MIC values when used
in combination with ECE. Ketoconazole alone exhibited
higher mean MIC values in clinical isolates (47.25 pg/ml)
compared with the control strain (16 pg/ml), reflecting
reduced susceptibility. However, upon combination with
cardamom extract, the mean MIC of ketoconazole
decreased significantly in both clinical isolates (14.05
pg/ml) and the control strain (4 pg/ml), with the most
pronounced effect observed in C. albicans, where MIC
values were reduced nearly fourfold. These findings
reinforce the potential of diverse plant extracts, including
areca nut and cardamom, as effective adjuvants to azole
antifungals in combating Candida infections via
synergistic interactions that might lower required drug
doses.

Previous research has demonstrated synergistic effects
between amphotericin B, and other plant derived
compounds. For example, Wan Himratul-Aznita et al.,15
reported strong synergistic effects when combined
amphotericin B with hydroxychavicol derived from Piper
betle. The combination, especially at 1:1 orl:2 ratio
produced a pronounced synergistic effect against C.
albicans, with FICI as low as 0.07. In contrast to this report
of strong synergy, our study revealed a more complex
interaction profile. The interaction between amphotericin
B and ECE generally showed indifference, with a mean
FICI of 2.15 in clinical isolates, while the control strain
demonstrated indifference bordering on additivity (FICI
1.06). This highlights the fact that not all plant extract-
drug combination may lead to enhanced antifungal effects
This specificity of interaction is further illustrated in the
study conducted by El-Ahmady et al where thyme oil and
cinnamon oil markedly potentiated the activity of
amphotericin B against C. albicans, leading to a four-fold
reduction in the MIC, while other oils such as clove and
eucalyptus demonstrated indifferent interaction.'® These
observations reinforce that the synergistic potential of
plant-derived compounds with amphotericin B is selective
rather than universal, depending on the phytochemical
composition and the tested organism. Despite this overall
trend of indifference, a deeper analysis of species-specific
outcomes revealed clinically meaningful benefits that
strengthen the present study. In C. albicans, 21.2% of
isolates exhibited additivity and 4.7% synergy, and in P.
kudriavzevii the combination improved antifungal activity,
with 18.2% additivity and 9.1% synergy. For C. tropicalis,
although indifference predominated (66.7%), a
statistically significant reduction in MIC of amphotericin
B (0.63 to 0.46 ug/ml) was observed in combination with
ECE. These outcomes align with reports of Soulaimani et
al on other essential oils combined with amphotericin B,
where EOs of Thymus leptobotrys, Origanum compactum,
and Artemisia herba alba produced clear synergy against
C. krusei and additive effects against C. albicans, C.
glabrata, and C. parapsilosis, while other oils were largely
indifferent.!” Collectively, the evidence highlights that the
success of natural product—amphotericin B combinations
is highly species-dependent and determined by
phytochemical composition, underscoring the need for
targeted evaluation of plant derived compounds alongside
conventional antifungals. Our finding of species-specific
activity reinforces this perspective, marking an important
step forward by shifting the focus from a broad-spectrum
approach to a more precise and clinically relevant strategy,
where tailored combinations can be designed for particular
pathogens to enhance therapeutic outcomes in resistant
Candida infections.

Limitations of the present study included constraints
associated with the in vitro checkerboard microdilution
assay design, which could not assess fungicidal activity,
assumed a linear dose—response relationship, and provided
only a static view of antimicrobial interactions, potentially
limiting its relevance to in vivo outcomes. In addition,
formulation related issues such as reduced solubility or
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suboptimal dispersion of amphotericin B within the extract
matrix could further limit the effective interaction between
the two agents. Moreover, the absence of established CLSI
or EUCAST breakpoints for clotrimazole complicates the
direct clinical interpretation of MIC values. The variability
observed among different Candida species and the reduced
responsiveness of clinical isolates compared with the
reference strain further suggest that the combination’s
effectiveness may not be uniform across all species.
Furthermore, the use of crude extract represents another
limitation, as it is a complex mixture of phytochemicals
some of which may have antifungal properties while others
may be inert or slightly antagonistic, making the observed
FICI as a net outcome of competing interactions, these
complexity highlights the need for bioassay-guided
fractionation to isolate and identify the specific
phytochemicals responsible for the extract's antifungal
activity.

CONCLUSION

The combination of ECE with conventional antifungal
agents demonstrated promising yet variable enhancement
of antifungal efficacy. Notably, the amphotericin B and
ECE combinations were generally indifferent, exhibiting
only species-specific additive or synergistic effects. In
contrast, combinations with azole antifungals produced
more consistent and pronounced improvements.
Clotrimazole in conjunction with the extract resulted in
significant reductions in MIC values, exhibiting additive
to synergistic interactions, while ketoconazole combined
with the extract consistently restored and enhanced
antifungal activity (FICI<0.5), including against clinical
isolates with reduced susceptibility, with C. albicans
showing the strongest response. These findings suggest
that the phytochemical constituents of E. cardamomum,
such as terpenes and flavonoids, may potentiate the action
of membrane and ergosterol targeting antifungal agents,
enabling dose minimization, reduced toxicity, and delayed
resistance development in specific fungal species.
However, the observed variability underscores that the
effectiveness of such combinations is dependent on both
the fungal species and the specific drug herbal interaction.
Consequently, future investigations should employ
bioassay guided fractionation to isolate and characterize
the active principles, optimize formulation strategies to
enhance drug herbal compatibility, and validate these
outcomes through biofilm studies, dynamic in vivo
experiments, and clinical evaluations to develop
standardized, efficacious, and safe integrative antifungal
therapies.
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