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The outbreaks of fungal resistance to the different antifungal agents represent a public health problem
resulting in a significant morbidity and mortality. Furthermore, chemotherapy represents a serious issue
in the cancer treatment worldwide. Accordingly, the efficiency of clove extracts as anticandidal and anti-
tumoral agents was evaluated. Disk diffusion and 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bro-
mide (MTT) techniques were achieved to evaluate the antimycotic and antiproliferative activities of
different clove extracts. The active phytochemicals of clove extracts were analyzed using gas chromatog-
raphy mass spectrometry. Resistance of Candida glabrata strain to clotrimazole was obvious while C.
albicans and C. tropicalis expressed dose dependent susceptibility. In contrast, the clove acetonic extract
expressed the highest antimycotic proficiency against C. glabrata, C. albicans and C. tropicalis strains with
suppressive zones of 18.54 ± 0.24, 19.86 ± 0.34 and 22.6 ± 0.32 mm respectively. While, the ethanolic
clove extract displayed the uppermost antiproliferative efficiency with relative IC50 of 6.80 lg/mL.
Phytochemical analysis showed that eugenol compound was the most prominent active ingredient of
clove acetonic and ethanolic extracts with corresponding proportions of 46.53 and 54.71 % respec-
tively. Anticandidal activity of the main active ingredient, eugenol, was significantly higher than that
of clotrimazole, used as control, against C. glabrata strain (P � 0.05). The proficiency of antimicrobial
activity of clove and its major constituent, eugenol, against candidal strains supports utilizing these
extracts in fabrication of anticandidal drugs especially against the resistant C. glabrata strain. Also, these
extracts could be a source of adjuvant anticancer therapies due to their potent antiproliferative activity.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction (Jahagirdar et al., 2018). Candida albicans is the main persis-
Candida species, which are found in the gastrointestinal, skin,
and genital tracts, are regarded as commensal human microbes
(Talapko et al., 2021). On the other hand, Candida can cause life-
threatening infections in people, notably those who are hospital-
ized, have impaired immune systems, and elderly patients (Lin
et al., 2021a,b). In the United States, Candida sp. was considered
one of the main etiological agents of nosocomial infections
tent candidal pathogen isolated from clinical species (37 %), suc-
ceeded by Candida glabrata (27 %) (Bhattacharya et al., 2020).
Candidiasis is marked by extended spectrum of fungal infections
varying from superficial cutaneous infections to severe invasive
candidemia (Badiee and Hashemizadeh 2014). High mortality rate
was recorded among candidemia cases recording about 43 %, ow-
ing to the candidal resistance to antifungal agents (José et al.,
2019). Clotrimazole is an antifungal agent of the class of medica-
tions known as azoles and is frequently used to treat candidiasis
(Mendling et al., 2020). Azoles disrupt ergosterol biosynthesis
through binding to the 14a–demethylase (Erg11p) enzyme result-
ing in impairment of fungal cytoplasmic membrane and induction
of cell death (Lv et al., 2016). The drug tolerance of C. glabrata to
azole antifungals could be attributed to the increased efflux pump
activity and mutations in ERG11 enzyme (Massa et al. 2018;
Berman and Krysan 2020). Antifungal resistance of C. glabrata to
clotrimazole, fluconazole, itraconazole, nystatin and terbinafine
drugs has been reported in an earlier study (Yassin et al., 2020a).
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Another report demonstrated the clotrimazole resistance of C. glab-
rata strains isolated from patients suffering from vaginitis disease
(Nejat et al., 2018). The clotrimazole resistance was detected in
21.5 % of total Candida species isolated from oral and diaper rash
candidiasis in neonates (Mohamadi and Motaghi 2014). In addi-
tion, cancer is considered the second dominant cause of mortality
worldwide after the cardiovascular disorders (Nagai and Kim
2017). Cancer mortality rate is predicted to increase from 7.1 mil-
lion cases in 2002 to 11.5 million cases in 2030 (Lin et al., 2021a,b).
The treatment of cancer is challenging as the chemotherapeutic
agents used in cancer treatment cause severe side effects such as
nausea, vomiting, and severe gastric ulcers (Zhang et al., 2018).
In this regard, plant extracts were recorded as potential, safe and
effective adjuvant therapies for cancer management because of
their ingredients of phenolic compounds and flavonoids (Seca
and Pinto 2018; Tungmunnithum et al., 2018). Syzygium aro-
maticum is a flower bud which is always known as clove and
belongs to Myrtaceae family (Rajalekshmy and Manimekalai
2019). Clove has been stated as a precious source of antiviral,
antibacterial, antiproliferative, and antimycotic activities (Batiha
et al., 2020). High incidence of candidal resistance to different anti-
fungal drugs results in high mortalities and morbidities worldwide
(Yassin et al., 2020b). Moreover, cancer therapy is challenging due
to the adverse side effects of chemotherapy. Accordingly, formula-
tion of effective antifungal and anticancer agents is of great impor-
tance. Hence, the antifungal efficiency of clove extracts against the
most frequent fungal strains causing candidiasis was evaluated,
and their anticancer efficiency against HUH7 human hepatoma cell
line was also assessed.
2. Materials and methods

2.1. Preparation of clove extracts

Flower buds of clove were purchased from Riyadh markets,
Saudi Arabia. The clove plant was identified and deposited with
voucher number of (KSU-14682) by of the Botany Department
herbarium, College of Science, King Saud University. The active
phytochemicals of clove were extracted using four different
organic solvents (petroleum ether, dichloromethane, acetone and
ethanol) with corresponding polarity indexes of 0.1, 3.1, 5.1, and
5.2, respectively. Difference in the polarity of different used sol-
vents allows the extraction of all active phytochemicals. Disinfec-
tion of the clove buds was performed using 0.5 % sodium
oxychloride (NaOCl) followed by washing of these buds three suc-
cessive times with demineralized water and finally the buds were
left in shade for complete dryness. Maceration of buds was done
using a mechanical mortar to attain a homogenized powder. Fifty
grams of clove powder were submerged in 150 mL of the four dif-
ferent organic solvents. The flasks were incubated over a magnetic
stirrer for 48 h at 25 ± 2 �C then centrifuged to remove the residues.
Filtration of the supernatant was performed using Whatman filter
paper no. 1 to obtain translucent filtrates. The solvents were evap-
orated using a rotatory evaporator to concentrate the S. aro-
maticum solvent extracts and then refrigerated at 4 �C till use.
The extraction yields were estimated according to the following
equation.

Extract yield = (A/B) � 100; Where A is the clove extract weight
and B is the weight of raw clove sample (Mostafa et al., 2018).
2.2. Candidal strains

Three different candidal strains namely, Candida albicans (ATCC
18804), Candida glabrata (ATCC 15545), and Candida tropicalis
(ATCC 13803) were assayed for their susceptibility to clove
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extracts. Fresh isolates of candidal strains were obtained by sub-
culturing the concerned strains onto Malt extract agar medium
then incubated at 35 ± 2 �C to obtain fresh inoculums.

2.3. Antifungal susceptibility testing

Antifungal efficiency of different organic solvent extracts of S.
aromaticum against different candidal pathogens was evaluated
using the standard method for yeast disk diffusion testing no
M44-A (CLSI, 2004). 24 hr old colonies of each candidal strain
was picked up using a sterile loop and dispersed in Mueller Hinton
broth (MHA) medium. Adjustment of the turbidity of the candidal
suspension was performed using 0.5 McFarland standards which
are corresponding to 106 colony forming unit per ml (CFU/ml).
Mueller Hinton agar (MHA) medium was poured in sterile petri
dishes and the plates were seeded with 0.2 mL of the prepared can-
didal suspension. 8 mm filter paper disks were autoclaved for com-
plete sterilization and then loaded with 10 mg of different clove
extracts. Filter paper disks, impregnated with clotrimazole antifun-
gal agent at a concentration of 10 lg/disk were used as positive
controls. The susceptibility of different candidal pathogens to
clotrimazole drug was interpreted as follows; the strain was con-
sidered resistant if the clear zone diameter is � 11 mm while the
strain will be considered as a sensitive strain if the zone diameter
is � 20 mm. Moreover, the strain was regarded as a dose depen-
dent if the suppression zone ranged from 12 to 19 mm. Finally,
the Petridishes were kept in the refrigerator for 2 hr at 4 �C to allow
clove extracts diffusion then the Petridishes were incubated at
35 ± 2 �C for 48 hr. After incubation, the clear zones were measured
using Vernier caliper.

2.4. Bioassay of clove acetonic extract

2.4.1. Determination of the minimum inhibitory concentration (MIC)
The microdilution technique was achieved using the 96-well

microtiter plate to detect MIC of clove extracts. Different concen-
trations of crude clove solvent extracts were prepared (32, 62.5,
125, 250, 500, 1000, 2000 lg/ml) 10 % DMSO. Equal volumes
(100 lL) of candidal suspension, and clove extracts of different
concentrations were pipetted into the wells. Negative control wells
with DMSO were prepared while wells with amphotericin B were
used as positive control. The plates were incubated for 24 h at
37 �C and the candidal growth was measured using microplate
reader. MIC values were detected as the least concentration of
clove extracts inhibiting the candidal growth (Yassin et al., 2021).

2.4.2. Determination of the minimum fungicidal concentration (MFC)
For the evaluation of MFC values, 10 lL of the MIC wells show-

ing no visible candidal growth were streaked over MHA plates then
the plates were incubated 35 ± 2 �C for 48 hr and finally investi-
gated for the candidal growth. The MFC concentration was
detected as the least concentration of clove extracts showing no
candidal growth (Salleh et al., 2016).

2.5. In vitro antiproliferative assay

HUH7 human hepatoma cell line was used in the current study
and purchased from ThermoFisher Scientific, USA. MTT assay as
described by Famuyide et al., 2019 was used to evaluate the
antiproliferative efficiency of different clove extracts.

2.6. Gas chromatography–mass spectrometry of clove solvent extracts

Phytochemical characterizations of the two efficient clove
(ethanolic and acetonic extracts) showing the highest antifungal
and antiproliferative activities were done using (an Agilent 7890



Table 1
Antimicrobial efficiency of clove extracts against different candidal strains.

S. aromaticum extracts (10 mg/
disc)

Inhibition zone diameter (mm) of Candida
strains

C. albicans C. glabrata C. tropicalis

Acetonic extract 19.86 ± 0.34 18.54 ± 0.24 22.65 ± 0.32
Dichloromethane extract 18.42 ± 0.28 16.14 ± 0.43 20.15 ± 0.18
Ethanolic extract 16.76 ± 0.13 17.56 ± 0.32 19.68 ± 1.16
Petroleum ether extract 19.32 ± 0.53 15.08 ± 0.26 21.28 ± 0.16
Clotrimazole (10 lg/disk) 15.57 ± 0.21 9.12 ± 0.17 13.24 ± 0.28
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gas chromatograph and an Agilent 5975C Mass Spectrometer,
USA). The conditions of GC–MS were standardized as described
in an earlier study (Yassin et al., 2020c). The active chemical com-
pounds were identified by comparing GC–MS results with the ref-
erence data of NIST database.

2.7. Antifungal activity of eugenol as a standard active ingredient of
clove

The antifungal efficiency of eugenol (Sigma-Aldrich, USA), the
main phytoactive component of clove extract, against different
candidal pathogens was evaluated using disk diffusion assay. Ster-
ile filter paper disks (8 mm) were impregnated with 50 lg/disk of
eugenol and placed over MHA agar plates seeded with the candidal
suspension (Pavesi et al., 2018). Filter paper disks, impregnated
with clotrimazole antifungal agent at a concentration of 10 lg/disk
were used as positive controls. The plates were incubated at 35 ± 2�
for 48 hr and then the clear zones were detected using Vernier
caliper.

2.8. Statistical analysis

GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA)
was used to investigate Candida susceptibility to various clove
extracts using one-way analysis of variance and Tukey’s test. For
triplicates, the data was reported as mean ± standard error. When
the P-value was less than 0.05, the data was considered statisti-
cally significant.

3. Results

3.1. Antifungal activity of organic solvent extracts of clove against
Candida strains

The dichloromethane solvent exhibited the highest efficiency in
extraction followed by ethanol, petroleum ether, and acetone sol-
vents with relative yield percentage of 6.32, 4.41, 3.61 and 1.96
respectively. The different solvent extracts of clove exhibited anti-
candidal activity against the concerned strains as seen in Fig. 1.The
acetonic extract of S. aromaticum revealed the highest antimycotic
potency against C. albicans, C. glabrata and C. tropicalis with sup-
pressive zone diameters of 19.86, 18.54 and 22.65 mm respec-
tively. On the contrary, the clove ethanolic extract suppressed
the candidal growth of C. albicans and C. tropicalis strains with inhi-
bition zones of 16.76 and 19.68 mm respectively. Furthermore,
dichloromethane extract of clove inhibited the microbial growth
of the candidal pathogens with suppression clear zones ranged
Fig. 1. Antifungal activity of clove extracts (10
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from 16.14 to 20.15 mm while the clove petroleum ether extract
suppressed the candidal growth of the investigated strains exhibit-
ing inhibitory zones ranged from 15.08 to 21.28 mm as seen in
Table 1. The solvent extracts of S. aromaticum exhibited a potential
activity against the clotrimazole resistant strain namely, C.
glabrata.
3.2. Determination of minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC)

Minimal inhibitory concentrations (MICs) and MFC were evalu-
ated for clove acetonic extract which recorded the highest effi-
ciency against Candida spp. The suppressive effect of clove
acetonic extract against C. albicans and C. glabrata showed MIC
value of 125 lg/ml. On the other hand, C. tropicalis strain reported
the highest sensitivity to clove acetonic extract recording MIC of
62.5 lg/ml as seen in Table 2. Moreover, the minimal fungicidal
concentrations (MFCs) of clove acetonic extract against C. tropicalis
was observed to be 125 lg/ml while the MFC of clove acetonic
extract was 250 lg/ml against both of C. albicans and C. glabrata
strains.
3.3. In vitro antiproliferative activity of different S. aromaticum
extracts

The clove ethanolic extract showed the highest antiproliferative
activity against HUH7 human hepatoma cell line exhibiting IC50 of
6.80 lg/mL while the lowest antiproliferative activity was
employed by the dichloromethane extract demonstrating IC50 of
16.73 lg/mL. Furthermore, the clove petroleum ether and acetonic
extracts showed antitumor activity against HUH7 human hep-
atoma cell line with corresponding IC50 of 11.69 and 8.53 lg/mL
respectively as seen in Fig. 2.
mg/disc) against different candidal strains.



Table 2
MIC and MFC of clove extracts against the tested pathogenic candidal strains.

Clove extracts Concentration of clove extracts (lg/ml)

C. albicans C. glabrata C. tropicalis

MIC MFC MIC MFC MIC MFC

Acetonic extract 125 250 125 125 62.5 250
Dichloromethane extract 250 500 250 250 125 500
Ethanolic extract 250 500 250 250 125 500
Petroleum ether extract 125 250 500 250 125 1000

Fig. 2. Antiproliferative activity of clove extracts against HUH7 human hepatoma
cell line.
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3.4. GC–MS analysis of different clove extracts

The phytochemicals of clove ethanolic and acetonic extracts
were detected using GC–MS analysis as these extracts exhibited
the highest antiproliferative and antimicrobial activities. The main
active ingredient of the ethanolic and acetonic extracts was found
to be eugenol with corresponding percentages of 54.71 and 46.53 %
respectively. The other phytochemicals of the clove acetonic
extracts were detected as eugenyl acetate (22.84 %), 5,6b-
epoxystigmasterol (18.56 %) and isoeugenol acetate (11.99 %) as
shown in Table 3. Furthermore, the other active components of
clove ethanolic extract were found to be eugenyl acetate
Table 3
Phytochemical components of clove acetonic and ethanolic extracts.

Phytochemical constituents Chemical formula M

Clove acetonic extract
Eugenol C10H12O2 1
Eugenyl acetate C12H14O3 2
5,6b-epoxystigmasterol C32H56O2Si 5
Isoeugenol acetate C12H14O3 2

Clove ethanolic extract
Eugenol C10H12O2 1
Copaene C15H24 2
Humulene C15H24 2
Caryophyllene C15H24 2
b-cadinene C15H24 2
Eugenyl acetate C12H14O3 2
caryophyllene oxide C15H24O 2
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(17.40 %), caryophyllene (11.22 %), humulene (5.20 %), caryophyl-
lene oxide (4.77 %), copaene (3.80 %) and b-cadinene (2.89). Mass
spectrums of eugenol and eugenyl acetate compounds showing
the highest abundance in clove ethanolic and acetonic extracts
were shown in Fig. 3 and Fig. 4, respectively.
3.5. Antimycotic efficiency of eugenol active constituent against the
candidal pathogens

Eugenol is the most predominant active ingredient detected in
clove extracts hence, the antimycotic proficiency of the previous
compound against investigated strains was evaluated. C. tropicalis
was the most responsive strain to eugenol compound with sup-
pression zones of 15.39 mm while C. glabrata showed the lowest
susceptibility with suppressive zone diameter of 11.22 mm. More-
over, eugenol expressed anticandidal efficiency against C. albicans
with suppressive zone of 14.74 mm as seen in Fig. 5. The inhibitory
effect of eugenol against the clotrimazole resistant C. glabrata
strain was significantly higher than that of control (P � 0.05). In
contrast, the antifungal efficiency of eugenol against C. albicans
and C. tropicalis strains was non-significant compared to control
(P > 0.05).
4. Discussion

Different plant extracts were reported as efficient antimicrobial
agents even against multidrug resistant strains (Mohanasundari
et al., 2021; Narayanan et al., 2021a; Yassin et al., 2021), anticancer
agents (Narayanan et al., 2022) while other phytoactive extracts
were detected to possess larvicidal activity (Narayanan et al.,
2021b). Hence, the bioactivity of different clove extracts was
assessed to evaluate their antimycotic efficiency against drug resis-
tant candidal strains.

The acetonic clove extract showed the maximum antimicrobial
action against the different fungal pathogens, expressing clear
zones ranged from 18.5 to 22.6 mm. Our findings matched those
of a recent study, which stated that clove ethanolic extract
ol. weight Retention time (min.) % of Total

64 9.814 46.53
06 10.531 22.84
01 11.263 18.56
06 13.601 11.99

64.20 10.405 54.71
04.36 9.444 3.80
04.36 11.201 5.20
04.36 10.933 11.22
04.36 12.597 2.89
06.20 14.529 17.40
20.35 10.735 4.77



Fig. 4. Mass spectrum and chemical structure of eugenyl acetate compound.

Fig. 5. Antifungal activity of eugenol against different tested candidal pathogens.

Fig. 3. Mass spectrum and chemical structure of eugenol compound.
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(10 mg/ml) revealed antimycotic efficiency against C. albicans with
suppressive zone of 24 mm (AbdelـFattah et al., 2019). Candida
glabrata displayed clotrimazole resistance in the current investiga-
5

tion, which coincided with a previous study that assessed the anti-
fungal sensitivity of 138 clinical isolates of C. glabrata strains to
clotrimazole medication and found that 89 isolates were clotrima-
zole resistant (Costa et al., 2016). Another recent study reported
that 62.5 % of the isolated C. glabrata strains expressed resistance
to clotrimazole drug (Khan et al., 2018). The high antifungal effi-
ciency of clove acetonic extract against the clotrimazole resistant
strain, C. glabrata, highlights the implementation of clove extracts
in the biofabrication of efficient antifungal agents and controlling
the high incidence of candidal resistance.

The MIC value of clove acetonic extract against Candida albicans
and Candida glabrata was 125 lg/ml. In contrast, the MIC value of
clove extract against C. albicans was evaluated by a prior study
which reported that clove extract showed antimicrobial activity
against C. albicans with MIC value of 1 mg/ml (Hassan et al.,
2020). Low MIC values of S. aromaticum extracts against the con-
cerned candidal strains confirmed the capability of utilizing these
extracts in biofabrication of natural antifungal drugs.
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The microbicidal impact of clove extracts against candidal
pathogens could be attributed to their ability to impair ergosterol
biosynthesis resulting in formation of lesions in the candidal cyto-
plasmic membrane and induction of cell mortality (Chouhan et al.
2017). The hydrophobicity of clove extracts allows them to parti-
tion into the lipid bilayer of the fungal plasma membrane resulting
in disablement of cell permeability, which causes the discharge of
essential cellular components (Tariq et al. 2019).

The different solvent extracts of clove expressed potent antipro-
liferative effectiveness against the HUH7 human hepatoma cell
line with IC50 ranged from 6.80 to 16.73 lg/ml. Our findings were
in accordance with that of other researchers who verified the clove
antiproliferative potency against MCF-7 human breast cancer cell
line with corresponding IC50 of 17.6 lg/ml (Kumar et al., 2014).
Cloves have been reported as carcinopreventive agents due to their
content of betulinic acid and other triterpenes (Nirmala et al.,
2019; El-Saber Batiha et al., 2020; Alexa et al., 2022). The anticar-
cinogenic effect of cloves against hepatoma cell line may be attrib-
uted to their ability to induce apoptosis and inhibition of cell
proliferation (Bezerra et al., 2017). In this regard, eugenol
(54.71 %) was detected as the main phytoactive constituent of the
clove ethanolic extract, expressing the highest antiproliferative
activity against HUH7 human hepatoma cell line. The eugenol
compound was proved to possess high antioxidant activity con-
tributing to the potent antiproliferative effect of clove (Yan et al.,
2017).

The phytochemicals of clove ethanolic and acetonic extracts
were detected using GC–MS analysis as these extracts exhibited
the highest antiproliferative and antimicrobial activities. Chemical
investigation of clove acetonic and ethanolic extracts using GC–MS
analysis demonstrated that eugenol was the major component
with corresponding percent of 46.53 and 54.71 % respectively.
Other researchers confirmed these findings, reporting that clove
oil contained eugenol as a main active component with a relative
ratio of 52.53 % (Teles et al., 2021). Furthermore, a prior study
found that S. aromaticum extract contained 83.785 % eugenol,
5.191 % caryophyllene, and 11.024 % caryophyllene, respectively
(Das et al. 2018).

Candida tropicaliswas the most susceptible strain to eugenol
compound with clear zone of 15.39 mm while C. glabrata showed
the lowest susceptibility with suppressive zone diameter
of 11.22 mm. The current findings were supported by a previous
study which evaluated the antifungal effect of eugenol (57 lg/
disk) against C. albicans using agar disk diffusion method and sta-
ted its efficiency as antimicrobial agent, demonstrating inhibition
zone diameter of 12.1 mm (Pavesi et al., 2018).

The fungicidal action of eugenol compound was elucidated by a
previous report which stated that eugenol increases cell fluidity
and permeability resulting in impairment of cell wall integrity
(Latifah-Munirah et al., 2015). The antifungal activity of eugenol
was further investigated by other researchers who reported that
eugenol disrupts ergosterol biosynthesis leading to cytoplasmic
membrane dysfunction (Zhao et al., 2021).
5. Conclusion

The potential anticandidal effectiveness of S. aromaticum sol-
vent extracts against different fungal pathogens supports using of
these extracts in fabrication of natural and effective antimicrobial
agents especially against clotrimazole resistant C. glabrata strain.
The main active ingredient of clove extracts, eugenol, suppressed
the candidal growth of different strains. The potential antiprolifer-
ative effectiveness of clove solvent extracts highlight the capability
of utilizing these extracts in fabrication of carcinopreventive
agents.
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