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Abstract

Candida Albicans is part of the healthy flora in the oral cavity. It can also cause opportunistic
infection, which can be deleterious. The most typical type of chronic oral candidiasis is denture
stomatitis, and Candida Albicans is identified as the most crucial organism in this situation. Due
to the development of the resistant form of candida, using conventional drugs can sometimes be
ineffective. Herbs and naturally imitative bioactive compounds could become a new source for
antimycotic therapy. Several review studies suggest that herbal medicine and natural bioactive
compounds have antibacterial, antiviral and antifungal effects. Thus, it is hypothesized that these
natural products might have beneficial effects on pathogenic oral fungal flora such as Candida
Albicans. Although the effects of herbs have been investigated as antifungal agents in several
studies, to the best of our knowledge, the effects of these natural products on Candida Albicans
have not yet been reviewed. Thus, the aim of this study was to review the anti-candida activity
(especially Candida Albicans in oral candidiasis) of herbal medicines and natural bioactive
compounds. It is concluded that, in general, medicinal plants and nutraceuticals such as garlic,
green tea, propolis, curcumin, licorice root, cinnamon, resveratrol, ginger, and berberine are
useful in the treatment of Candida Albicans in oral candidiasis and could be considered as a safe,
accessible, and inexpensive management option in an attempt to prevent and treat oral diseases.
However, most of the evidence is based on the in vitro and animal studies, so more clinical trials
are needed.
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Abbreviation

C.albicans, Candida Albicans; CVDs, -cardiovascular diseases; EC, epicatechin; EGC,
epigallocatechin; ECG, EC gallate; EGCG, EGC gallate; HBD-2, Human beta defensin 2; HC,
Heat cure; MW, Microwave; EEP-AP/EEP, extract of propolis; CUR, curcumin; PDT,
Photodynamic therapy; PS, photosensitizer; ROS, reaction oxygen species; CHI-CUR, Chitosan-
curcominoid; CHX, chlorhexidine; CHI, vehicle formulation comprising chitosan 0.5% and PEG
400; CUR-NPS, curcumin encapsulated in nanoparticles; NYS4, nystatin four times a day; Nysl,
nystatin once a day; G.glabra L, glycyrrhiza glabra L; DMSO, dimethyl sulfoxide; NPs,
Nanoparticle; PLA, polylactic acid; PLGA, polylactic-co-glycolic acid; MIC, Minimum
inhibition concentration; C.Z, cinnamomun zeylanicum; C.V cinnamomum verum bark; PBS,
Phosphate buffered saline.



Introduction

Candida Albicans (c.albicans), is the most predominant species found in oral candidiasis,
belongs to healthy flora in the oral cavity of human (1-3). It can convert into opportunistic
pathogens due to predisposing factors such as poor oral hygiene, denture instability, systemic
factors like immunologic and endocrine disease, medication such as steroids, broad-spectrum
antibiotics, immunosuppressors, and various nutritional deficiencies (4). Some pathogenic
mechanism in c.albicans transformation phases includes epithelial adherence, production of
hydrolytic enzymes, biofilm formation, phenotypic changes, and morphogenesis (5, 6). Some of
the clinical signs of oral candidiasis are thrush and creamy white crude like patches (2, 7).

The typical type of chronic oral candidiasis is denture stomatitis, and c.albicans is identified as
the most crucial organism in this situation (8). Some factors, such as poor oral health, instability,
loosening of denture, irregularity, and pore of the inner surface of denture, which is considered
as a reservoir of microorganism, are attribute to the predisposing factors (8, 9). Furthermore, in
severely compromised HIV patients, oropharyngeal candidiasis is prevalent, and c.albicans is the
most common pathogen that is isolated from clinical specimens (10). Difficulty in chewing and
swallowing can occur if untreated and can lead to weight loss (7).

Conventional synthetic drugs such as imidazole related compounds (e.g. miconazole,
fluconazole) or polyenic derivatives (e.g. nystatin) are used for the treatment of candidiasis (4).
However, drawbacks of these medications include the development of resistant strains or side
effects such as bitter taste, allergic reaction, and adrenal insufficiency have necessitated a further
search for alternative agents (5, 8).

In this context, herbs and naturally derived bioactive compounds become a new source of
antimycotic therapy. Herbal medicine has antioxidants, anti-inflammatory, and antimicrobial
properties due to their phytochemical constituents such as flavonoid and alkaloid (2, 11). Several
reviews have indicated that herbal medicine and natural bioactive compounds have antibacterial,
antiviral and antifungal effects (12-16). Thus, it is hypothesized that these natural products might
have a beneficial effect on oral fungal flora such as c.albicans. Although the effects of herbs have
been investigated as antifungal agents in several studies, to the best of our knowledge, the effects
these natural products on c.albicans have not yet been reviewed. Thus, the aim of this study was
to review the anti-candida activities of (especially against Candida Albicans) of herbal medicines
and natural bioactive compounds. The methods and findings of reviewed studies are summarized
in Table 1 to 4.

Garlic

Garlic (Allium sativum) is one of the herbal medicines with antimicrobial properties, which
improves the functioning of the immune system (8). Garlic contains large amounts of
organosulfur compounds, such as allicin and flavonoids, which may prevent oxidative damage
and reduce blood pressure and hypercholesterolemia, which might lead to the reduction and
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prevention of cardiovascular diseases (CVDs) and certain types of cancers (17, 18). In addition
to several health benefits of garlic on chronic diseases, it is revealed that active components of
garlic, allicin, and allicetaine (the most sulfur-containing compounds) have a therapeutic and
antimicrobial properties (7). Allicin and garlic extract causes an increase in the synthesis of
cytokines, macrophage activity, lymphocytes, and other cells of the immune system (8). It is
effective against gram-positive and gram-negative bacteria, as well as c.albicans (7). Chemical
reaction with thiol groups of various enzymes is the significant antimicrobial effect of allicin (8).
Besides, the absorption of allicin and allicetaine through the digestive system and their further
entrance in serum and blood could prevent the growth of micro-organisms (8). Two native South
African garlic species are Tulbaghia alliacea and Tulbaghia violacea, which are traditionally
used as remedies for a variety of infections and diseases (10). Regarding the antibacterial
properties of garlic, several previous studies have assessed its impact on oral health, particularly
c.albicans, the main findings of them are reviewed here.

In a randomized, double-blind clinical study, 40 aged people, who wear dentures, were divided
into two groups. They were assigned to use garlic aqueous solution at a concentration of
40mg/ml three times a day for four weeks and compared with a control group, in which nystatin
mouthwash (medication used to fight fungal infections of the mouth) was used instead of the
garlic. Results revealed that the application of nystatin and garlic produced a significant effect on
the length and width of erythema. However, garlic aqueous had fewer side effects in comparison
with nystatin, so the authors concluded that garlic might be considered as an appropriate
replacement for nystatin in handling denture stomatitis (8).

In another randomized clinical trial, 74 patients aged above 18 years were divided into two
groups. One group was assigned to use garlic paste (quantity sufficient to cover the entire lesion)
with one drop of 2% lignocaine jelly for four times a day for two weeks. Another group was
asked to use 1% clotrimazole solution. Eighteen patients (7- clotrimazole, 11 garlic paste) did not
turn up for clinical evaluation. Results of 56 patients showed that in all, 61.5% of the garlic
group showed complete suppression of the lesion compared with 50% of the clotrimazole group.
The two treatments did not show statistically significant differences in the response rate (19).

In an in vitro study, solvent extractions of different concentrations (0.06%, 0.15%,0.30%) of
Tulbaghia alliacea and Tulbaghia violacea and Allium sativum were prepared, using a solvent of
water, methanol, and chloroform. All solutions were tested for antifungal activity against
candida-Albicans using agar plate disk. Results showed that extracts of Tulbaghia violacea were
weakest in inhibiting the growth of candida. Tulbaghia alliacea and Allium sativum aqueous
extracts, at 0.15% and 0.30% concentrations, T.alliacea exhibited a more significant zone of
inhibition than A.sativum. In methanol extracts at all concentrations, T.alliacea had a broader
area of inhibition. In chloroform extracts, in 0.30% concentration, the most significant zone
belonged to the T.alliacea (10). In an in vitro study, which studied traditional plants for
managing candidiasis, they prepared plant material in an aqueous extract with 100 mg/ml
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concentration. Then added extracts to sabouraud dextrose agar, which contain Candida Albicans.
The aqueous extracts were divided into three parts stored at 4, 23, 33 °C for seven days to assay
antifungal activity. Plants extracts of Allium sativum and Tulbaghia violacea had the best
activity against Candida Albicans. Allium sativum and Tulbaghia violacea remained active for 3
and 2 days, respectively, when stored at 4°C. The Allium sativum extracts were the most stable
in solution, although this activity decreased with longer storage (7) In an in vitro study, a total of
56 patients aged more than 40 years with acrylic dentures, who wore them at least six months,
were included. The internal surface of denture was brushed with a sterile swab. Then swabs were
suspended and prepared on CHROMagar candida at 36°C for two days and subsequently another
additional seven days in 30 = 1 °C to ensure reducing false-negative results. The essential oil of
A.sativum with a final concentration of 7.8 to 1000 pg/ml was used in this study. The control
group was fluconazole with a level of 0.5 to 128 pg/ml. The results of this study shown that the
essential oil of A.sativum is more effective than fluconazole in the prevention of the growth of
both planktonic and biofilm of Candida Albicans extracts from dentures (5).

Green tea

Green tea is one of the most popular beverages, which has a high amount of flavonoids with
antioxidant properties. Catechins which constitute about 20% of green tea flavonoids are the
major constitution of green tea. In addition to several health benefits of green tea and catechins
including anti-hypertensive (20), hypolipidemic (21, 22), anti-hyperglycemic (23, 24), anti-
arteriosclerotic (25), anti-cancer (26), antioxidant (27), and anti-thrombotic properties (28, 29),
green tea (Camellia Sinensis) contains some polyphenolic ingredients which show antifungal
activities against Candida species (30, 31). The potential antimicrobial properties of green tea are
getting more prominent in recent decades (32).

Due to anti-inflammatory, antioxidant, anti-mutation, and anti-diabetic properties of green tea, it
has an essential role in the improvement of erythema and mucosal inflammation (32). Green tea
contains catechin, which is consist of epicatechin (EC) epigallocatechin (EGC), EC gallate, and
EGC gallate (EGCG). EGEC and EGC can influence the proliferation of lymphocyte T and
cytokines production; thus, it can be assumed that green tea and its extracts (such as flavonoid)
possess immunomodulatory effects against oral candidiasis. Flavonoids can induce synthesis of
IL8, IL17, which are chemoattractants resources and can recruit neutrophil for phagocytosis to
impede c.albicans colony formation (1). Due to the antifungal activity of green tea, several
studies have investigated the potential clinical applications of green tea on the oral cavity (33).

In a randomized clinical study, 22 patients with denture stomatitis were divided into two groups,
namely nystatin and green tea. Candida infections of dentures were proved by culturing on
CHROMagae candida medium; then patients received nystatin suspension 1000 p/ml and 15 ml
green tea mouthwash (0.5%) four times a day. Then lesion size was measured in 1st, 7" and 14"
days. The results showed that the mean of candida colonies showed significant differences in
green tea and nystatin groups before and after treatment. The average length and width of the
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lesion in these two groups decreased with the duration of treatment, and there were no
statistically significant differences between nystatin and green tea (32). In an animal study,
which was conducted on three months old Wistar rats, monoclonal antibodies (ILS8, IL17, HBD-
2) were analyzed. Immunocompromised rats (induced by dexamethasone 0.8 mg/kg and
tetracycline 12 mg/kg intraperitoneally for seven days) were divided into seven groups: a control
group and the group treated with green tea concentration of 1.25%, EGCG 1%, and EGC 1% for
4 and 7 days separately. Results showed that the expression of ILS, IL17, and HBD2
significantly increased in 7 days relative to 4 days. The expression of antibodies was
considerably higher in green tea extracts group compared with EGC and EGCG. Also, there
were insignificant differences between the EGC and EGCG groups (1). In an in vitro study, oral
candida samples were collected from dental patients, and after preparation on CHROMagar
medium, different concentrations of EGCG and different combination of EGCG and fluconazole
or ketoconazole were prepared and added to the well after which incubated for 48 hours. The
effect of EGCG with or without antifungal drugs was measured in this study to assess the
synergistic effect of herbal and chemical drugs. The result was in the following order: EGCG
alone showed a significant inhibitory effect on the growth of the colony. It was indicated that the
mature biofilms of candida were resistant to fluconazole and ketoconazole. When EGCGA was
combined with these drugs, the synergistic effect was observed in the inhibitory effect against
Candida species (34). In another in vitro study, the effect of aqueous green tea was compared
with free alcoholic mouthwash (Listerine) was analyzed. In this study, 60 specimens of heat-
cured (HC) and microwaved cured (MV) acrylic resin were tested. The samples were treated
with sabouraud broth and incubated for 24 hours in a vertical position due to biofilm formation.
After this time, they were immersed in the mouthwash or green tea extract for 15 min. CFU was
measured, and results revealed that in HC group, green tea reduced colony formation
significantly compared with the control group but in MW group, green tea decreased non-
significantly the colony count. In both groups, mouthwash has a significant inhibitory effect on
colony formation (35).

Propolis

Propolis is produced by honey bees from substances extracted from parts of some plants, buds
and sap (36). With regard to a wide range of biological constituents (more than 230 constituents),
propolis as a natural resin has several biological activities, including antioxidant, anti-
inflammatory, antibacterial, antiviral, fungicidal, hepatoprotective, free radical scavenging,
immunomodulatory and anti-diabetic activity (37, 38). For a long time, propolis was used to
improve the health status of numerous diseases, such as mucocutaneous infections of fungal,
bacterial and viral etiology and gastrointestinal disorders (39-41). Along with the antifungal
activity of propolis, there is a hypothesis that it may cause a change in the phenotype of the
fungus without reducing it quantitatively (4, 6). Because of this feature of propolis, several
investigators have studied the antifungal action of propolis against Candida Albicans (42).



In a multicentric randomized trial, two groups of volunteers, with 20 patients per group, received
treatment for denture stomatitis. The control group was treated with an oral gel containing 20
mg/g miconazole and propolis group used a gel with EPP-AP 2%. The treatment follows three
times a day for 14 days. The results showed that a significant remission of the lesion during two
weeks of treatment, and both groups achieved a 70% clinical cure rate. The CFU/ml count was
reduced in the miconazole group, but the propolis group, besides its clinical improvement, did
not show a significant reduction in the number of colonies (6).

In a randomized clinical trial, 45 patients, who were divided into three groups, were examined
because of their denture stomatitis. One group received topical use of miconazole gel 2%,
another one, propolis gel 2.5%, and the last one, propolis 24% in the form of mouthwash. The
treatment lasts for two weeks, and four daily applications were used in these groups. The results
presented that there were no statistical differences in efficacy among groups, and clinical
remission of stomatitis, wholly or partially, was observed at the end of the treatment (4).

In a clinical pilot study, 30 patients were assigned to use a swab to dry the infected area beneath
their complete denture and then apply drugs topically four times a day for seven days. One group
(n=15) asked to use miconazole gel, and another group was allocated propolis gel. At the end of
the week, no significant differences were observed among the two groups. All patients showed
complete remission of palatal edema and erythema (43). In another clinical trial, 18 patients (6
patients in the control group) accept the treatment. In the control group, they were asked to use
the solution of nystatin 100,000 UI/ML four times a day for one week. In the other group, they
were asked to apply EEP 20% in the same way as used in control one. The results exhibited that
all patients treated with EEP and antifungal drugs showed remission of the candidiasis lesions
(44).

In an in vitro/in vivo study, antifungal activity of propolis was measured. First in the in vitro part,
candida species were collected from dental school patients and cultured in M20 agar for 24
hours. Then, 1 to 10 mg/ml of propolis was added to the agar plate and incubated for 48, 72,96,
and 120 hours at 37°C. Results showed that c.albicans was the most sensitive strain to propolis at
8 mg/ml concentration. In in vivo part, 12 patients, who wear a full denture and show stomatitis,
were recruited to the study, five patients received hydroalcoholic solution 6% without propolis
twice daily for two weeks. The rest of them received the hydroalcoholic solution of propolis
(6%) in the form of mouthwash in the same way. Results revealed that all the patients in the
propolis group show a significant reduction in the amount of candida in their saliva. However,
the control group did not show any differences before and after treatment (45).

In an in vitro study, EEP3 and EEP13 were examined. Candida species were obtained from the
bank of microorganisms. 0.2 to 500 pg/ml concentration of EEP was added to the medium and
incubated at 35°C for 24 hours. The control group was nystatin. In this study, the observation
was in the following order: both extracts have vigorous antifungal activity, and EEP13 was
stronger than EEP3 (46). In another in vitro study, the effect of EEP on HIV-seropositive and
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HIV-seronegative with oral candida was evaluated. C.albicans were obtained from 12 HIV-
positive and 12 normal patients. After culturing candida, EEP 20% applied to the agar surface
and incubated at 37°C for 48 hours. The results were compared with the Econazole (25mg),
Clotrimazole (50mg) and Fluconazole (25mg). Also, 100 IU nystatin and 20 pl sterile distilled
water were used as the positive and negative control group, respectively. The results were in the
following order: in seronegative patients with denture stomatitis, Candida Albicans showed
significant vulnerability to all antifungal and EEP groups. In the seropositive group, clotrimazole
and fluconazole did not inhibit the growth of candida. Econazole was ineffective against fungus
and EEP, and nystatin, with no significant differences between them, produced a bigger
inhibition zone against candida. Candida was significantly susceptible to EEP and nystatin (42).

In another in vitro study, Egyptian propolis was assigned to assessed adhesion and germ tube
formation of oral candida. Candida species were taken from a patient with acute
pseudomembranous and cultured in YPD agar plate. EEP 5% with concentration 25 to 125 ng/pl
added to agar plate and colonies were counted after 24 and 48 hours at 37°C. Results showed that
a gradual decrease in CFU occurred at 75 ng/ul, and propolis was successful in preventing germ
tube formation (47). In a review article that analyses phytomedicines for candida-associated
denture stomatitis, pointed out that propolis may activate macrophage. Also, it is indicated that
gel formulation could be used as an alternative topical choice for the improvement of denture
stomatitis (48).

Curcumin

Photodynamic therapy (PDT) originates in the interaction between two items: a nontoxic
photosensitizer (PS) and visible light. Interaction between these two factors releases reactive
oxygen species (ROS) in front of oxygen. ROS are toxic and can destroy microorganisms (49).
Curcumin has excellent potential as a PS due to its ability to be activated by blue light (50). Also,
curcumin possesses antitumor, anti-inflammatory, antioxidant, and antimicrobial features (16,
49). Regardless of these features, curcumin is lipophilic, so the clinical application of curcumin
can be problematic. Numerous research performed to find out a more effective drug delivery
system (51) and its potency as a PS, in addition to efficacy against oral candidiasis (52). In a
single-center randomized clinical trial, thirty patients over 20 years old, who wears removable
acrylic dentures and possess denture stomatitis, were divided into three groups. 1) Chitosan-
curcuminoid (CHI- curcumin) mouthwash 0.1%,2) chlorhexidine (CHX) mouthwash, and 3)
vehicle formulation comprising chitosan 0.5% and PEG 400 (CHI). They were assigned to use
them for 30 seconds three times a day for 14 days. Results showed that all groups had a high site
activity in comparison with before treatment. CHI-curcumin was significantly stronger than other
groups, which showed an 80% complete response (52). In an animal study, which considered
photodynamic inactivation of c.albicans in a murine model, 45 mice were divided into different
groups. The groups are in the following order: one negative control group that contains five mice
without any immunosuppression and one positive control group that treated only with sterile
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saline solution at 10% DMSOQO. Other groups received 7.4 (20 uM), 14.7 (40 uM), 29.5 (80 uM),
mg/l of curcumin with and without LED (455nm,89.2 MW/cm2). The last group received an
LED light in the absence of curcumin. First of all, in treated groups, curcumin was topically
applied to the dorsum of the tongue in a dark room for 20 minutes and was not swallowed. Then
LED was performed for seven minutes. The results exhibited that PDT was effective against
candida, and all concentrations of curcumin produce a significant reduction in colonies.
However, there were trivial differences between 40 and 80 uM (53). In another animal study,
PDT by curcumin encapsulated in nanoparticles (curcumin-NPS) was conducted on the murine
model, which were immunosuppressed to induce oral candidiasis. Two hundred thirty-five mice
were selected in this study. Arrangement of groups was in the following order: the control group
that received no treatment, free curcumin with and without PDT, anionic CUR-NP with and
without PDT, cationic curcumin-NP with and without PDT. Nystatin (four times a day (NYS4)
and once a day (Nysl). The maximum concentration of curcumin was 260 uM, and treatment
was given daily for five days. Results revealed that free curcumin without light and anionic
CUR-NP (with and without light) did not show a significant reduction in colonies, whereas other
groups decreased colony counts. Free curcumin with PDT was similar to cationic curcumin.
There were no differences between NYSI1 and NYS4. There were no differences between
cationic CUR-NP with or without PDT (51).

In another animal study that analyzes the effect of curcumin on oropharyngeal candidiasis, 35 of
BALB/c mice were divided into five groups. Group I received 1 mg/kg dexamethasone, group II
has gotten 200 mg/kg curcumin dissolved in 2% carboxymethyl cellulose orally, group III
received dexamethasone plus curcumin and group IV and V has gotten saline. Induction of
candidiasis and asthma was not performed on group V and the treatment lasted for five days.
Outcomes showed that groups II and III showed a significant reduction in candidiasis without
differences between them. Also, group I indicated a significant lessening, but it was lower than
other groups (54).

In the in vitro/ex vivo study, the antifungal potential of curcumin was assessed; in the ex-vivo
part, retention of curcumin in the mucosa was measured. Experiments were carried out with
curcumin, and formulation diluted to 30% with artificial saliva. Results compared to the control
group (curcumin dissolved in oleic acid). Outcomes showed that retention values after 12 hours
in curcumin and formulation 30% were five times and three times higher than control,
respectively suggesting that this system can be used for drug delivery. In the invitro part,
curcumin with concentration from 7.8 to 1000 pg/ml was added to the well and incubated at
37°C for 48 hours. Control groups were amphotericin B (16 pg/ml) and fluconazole (512 pg/ml).
Results revealed that curcumin was more effective than control groups against candida colonies
(59).

In the in vitro/in vivo study, the efficacy of chitosan-curcumin was evaluated. The in vivo study
was carried on hamsters and evaluated ulcer healing, which is not the purpose of this review.
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Nevertheless, in the in vitro study, for determination against fungus in biofilm, 0.1% curcumin
0.5% chitosan mouthwash was used and compared to 0.2% CHX, blank formulation, formulation
with 0.5% chitosan only and 0.1% curcumin only. Disks contain candida were soaked in these
solutions for 10 minutes and then incubated for 24 hours at 37°C. Results revealed that when
curcumin combined with chitosan, its anti-candida efficacy was comparable to CHX mouthwash
(56). In another in vitro study, to assess PDT, an aqueous extract of curcumin 10.2% and
methylene blue at 0.1% and 0.2% concentrations were used. Each solution measured with and
without PDT and compared to the positive and negative control group, which was a culture
without using PS and culture without Candida Albicans, respectively. As well, one group consist
of 0.1ml nystatin was compared. The highest antifungal activity was observed in 10.2%
curcumin with 460 nm diode laser (25 MW) for 30 s. furthermore, curcumin was significantly
more efficient than nystatin (49). Recently, a review article determined the effectiveness of PDT
on curcumin against several microorganisms and concluded that permanent DNA damage in
candida occurred due to PDT. However, further investigations are needed in this aspect (50).

Licorice root

Licorice root is composed of flavonoids and triterpenoids (57). Some bioactive natural
compound in licorice root is glycyrrhiza species, glabridin, liquiritin (a glycosidic form of
liquiritigenin) and lichochalcone A (11, 57, 58). These extracts show some antiinflammatory,
antiulcer, antimicrobial, and antifungal activities (11). The effectiveness of licorice root in oral
diseases such as dental caries, candidiasis, periodontal disease has been great interest recently
(59). Several studies investigated the effect of licorice root on preventing and treating oral
disease (59).

In a study that evaluates the antifungal activity of lichochalcone A against candidiasis, in vitro
and in vivo studies were conducted. In the in vitro assay, commercial Candida Albicans strains
and some resistant strain to fluconazole were selected. The final concentration of lichochalcone
A was 2.8 to 280uM and used as a test group. Fluconazole (32-320uM) and nystatin (100 mM)
used as positive control and 1% v/v ethanol as vehicle control. The drugs were applied to plates
of candida and incubated for 24 hours at 37°C. Results demonstrated that in ordinary candida,
lichochalcone A shows a comparable antifungal activity in similar potency of antifungal drugs,
and in resistant strain, lower concentration of lichochalcone A was required to inhibit the growth
of strain (60)

In the in vivo part of this study, 15 Balb/c mice were used. They were infected with oral
candidiasis. The topical use of lichochalcone A (7.5 mM) for 30s was applied twice daily for five
days. Nystatin (100 mM) and ethanol 1% used as positive control and vehicle control,
respectively. Mice were euthanized, and the tongue of them was sectioned and evaluated. There
was a significant reduction of strains in the lichochalcone A and nystatin group. The tongue of
these samples showed less severity of hyphal invasion compare to the vehicle control (39).
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In an in vitro study, the effect of different herbal drugs such as glycyrrhiza glabra L (G.glabra L)
was assessed against candida and bacterial strains. Strains were cultured, and extracts of G.glabra
L (0.19 to 100 mg/ml) were applied on plates and incubated for 24 hours at 37°C and was
compared to untreated control culture. It showed that the highest cytotoxicity was related to
G.glabra L in contrast to other herbal extracts, and candida species were more sensitive to the
extracts than bacterial one (61).

In a further in vitro study, bioadhesive nanoformulation of G.glabra L was measured. Different
solvents, nanoparticles, and mucoadhesives dosage form were used that are named in the
following order: solutions such as ethanol/acetone/dimethyl sulfoxide (DMSO)/water and
hydroalcoholic. Nanoparticles (NPS) such as alginate, polylactic acid (PLA), polylactic-co-
glycolic acid (PLGA), and NPS that were embedded into toothpaste, oral gel, and oral film. The
final concentration of extracts was 10 mg/ml. They were applied on plates of c-albicans and
incubated for 24 hours at 37°C. The results were compared with negative control (DMSO) and
two positive ones (nystatin and free glabridin). The outcomes from this study showed that the
most active extracts were ethanolic one (18% w/w). NPS was produced successfully, and the
antifungal activity of NPS was similar to free extracts of glabridin in MIC. Also, the oral film
with PLGA NPs showed the highest interaction with the mucin. Besides, toothpaste with alginate
NPs and oral gel with PLA NPs show high interaction with mucin (11).

In another in vitro study, different types of G.glabra extracts were examined including leaf
ethanolic (5.4%), leaf aqueous (4%), root ethanolic (10%) and root aqueous (9.6%). They were
added on c-albicans agar plates in 4 and 8 mg/disk and incubated for 24 hours at 37°C. The
outcomes were compared to chloramphenicol ( 30pg) and solvent disk as the positive and
negative control, respectively. Results showed that leaf extracts exhibited better activity than root
extracts. As well, ethanolic extracts showed the most antifungal activity (62). Moreover, an in
vitro study, which examined antifungal activity of different medicinal plants, showed that extract
of G.glabra L had a stronger inhibitory effect against other extracts. In comparison to antifungal
agents, G.glabra L had better antifungal activity than fluconazole (10mcg) and itraconazole
(10mcg) but lesser efficacy than clotrimazole (10mcg) that was not significant statistically. In
their method, they applied extracts (50 g powder dissolved in 67% ethanol) of different plants on
plates of c-albicans and incubated for 24-48-72 hours. G.glabra L showed maximum efficacy at
all the time and was the most effective agent among all plants in this study (58). In a review
article in 2018, they reviewed some articles such as Messier et al. (2011) (63), Utsunomiya et al.
(2000) (64), Lee et al. (2009) (57) Fatima et al. (2009) (65), Kim j joo et al. (2013) (66) and
concluded that licorice is a therapeutic agent and can be used as a substitute agent for oral
candidiasis (59).

Cinnamon

It has been shown that cinnamon possesses antiseptic, antimicrobial, analgesic properties (9).
This feature, especially antifungal activity, may be related to cinnamaldehyde. It inhibits amino
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acid decarboxylase activity. Cinnamaldehyde makes 50.5% of cinnamon bark and can involve in
the biologic process due to its electronegative feature and reacts with the nitrogen-containing
compound. This process inhibits the growth of microorganisms (67). According to these
characteristics, several studies have been conducted to displayed numerous beneficial of
cinnamon against fungus like candida-albicans. In a study comprising of in vitro and in vivo
assay, essential oil of Cinnamomum zeylanicum (C.Z) against oral candidosis was evaluated. In
phase I study (in vitro), essential oil at a concentration of 2 ppm used as a solvent and compared
to nystatin (control). Oil added to plates of candida and incubated for 24 hours at 30°C. In part II
(in vitro), thirty HC acrylic resins were divided into three groups of artificial saliva (negative
control) mouthwash, C.Z and nystatin. The acrylic resin was immersed for 1 min, three times a
day for 15 days. Finally in phase III (clinical) 15 patients who showed signs and symptoms of
denture stomatitis, assigned to use mouthwash (C.Z) 3 times a day for about 60s in 15 days.
Additionally, they received a container containing 500 ml of mouthwash to clean dental
prostheses (9). Results of these three phases were in the following order: all the test strains
showed sensitivity to essential oil, and c-albicans showed the most sensitive behavior. For
acrylic resin, the surface hardness of prosthesis was analyzed, and the mouthwash group causes a
lower degree of changes in hardness when compared with the nystatin group. Finally, the clinical
phase of the study revealed that using mouthwash at a concentration of 635 pg/ml can heal the
signs and symptoms (9). In another study, the effect of Cassia (Cinnamomum cassia) on the
murine model and culture of c-albicans was evaluated, In the in vitro condition, the effect of
different herbs was measured, and cinnamon, DMSO (as control) were compared, too. They
were added to the well and incubated for 18 h at 37°C. Results showed that the inhibitory
activity of cassia preparation was relatively stronger than other herbs. In the animal part of the
study, 31 mice were examined for the cassia effect and 70 mice for other herbs. Cassia prepared
in different concentrations 5% 25% and 100% (200 mg/ml). Control mice received no treatment.
This preparation was administered by force-feeding. Results exhibited that 100% concentration
showed a great clinical score in the tongue, whereas 5 and 25% did not (68). Furthermore, in an
in vitro study. 100% (10 mg/ml) concentration of different extracts such as cinnamon was added
to the standard strain of c-albicans and allowed to stand for 10 min, then incubated for 24 h at
37°C. the control group was DMSO. Results showed that cinnamon extract showed the highest
antifungal activity in comparison with other herbs such as cumin, dried black pepper, dried India
bay leaves (67). In an additional study that examined on antifungal activity of cinnamon bark and
adherence to epithelial cells, they used cinnamon oil (1.25 to 0.195%), cinnulin pf (62,5-1000
pg/ml) as test group and nystatin was used as a reference. Summary of the results is in the
following order: cinnamon oil showed inhibition of c.albicans growth, but cinnulin pf did not
have any effect on fungus even at maximum concentration. However, both of them significantly
reduced biofilm formation. Also, either of them (cinnulin more than cinnamon oil) reinforcing
the epithelial could prevent the invasion of the oral mucosa by oral pathogens. Cinnulin pf
meaningfully weakened the adherence of c.albicans while no such effect was observed with
cinnamon oil. In conclusion, to obtain the best way against the adherence of candida and
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inhibition of its growth is to combine two cinnamon fraction (69). In another in vitro study, at
first, 7.8 to 1000 pg/ml concentration of cinnamon citronella essential oil was compared to
nystatin and fluconazole (concentration range of 0.5-65 pg/ml). Agents were added to the
c.albicans culture and incubated for 24-48 hours at 37°C. Secondly, 27 HC acrylic resins were
contaminated with human saliva that was collected from two healthy people, and different
considerations were performed to allow adherence of candida to the surface of acrylic resins.
Three groups of acrylic resin immersed in PBS (control), cinnamon essential oil, and citronella
essential oil for 3 min. The results of two parts of the study exhibited that both of the essential oil
had an antifungal and antibiofilm activity that can be due to the lipophilic nature of essential oil
that disrupts the cell membrane of microorganisms (70).

Moreover, in the in vitro study, the activity of Indian medical plants such as Cinnamomum
verum bark (C.V) against fluconazole-resistant Candida Albicans was assessed. 250, 500 and
1000 pg/ml concentration of plants were prepared and added to the well and incubated for 24 h
at 37°C. The results showed that all extracts, specially C.V, exhibited antimycotic activity and
can be used as an alternative drug against c.albicans (2). Finally, another in vitro study that
investigated the effect of different essential oil against microorganisms discovered the
antibacterial and antifungal activity of all essential oil include cinnamon oil. Similarly, it showed
that the largest active zone was attributed to cinnamon oil. In this study, their control group was
olive oil, industrial paraffin oil, ethanol (70%) H202 (3%) CHX (0.1%), and povidone-iodine.
Also, their incubation time was 18h at 37°C (66).

Resveratrol

Resveratrol is a major bioactive component in plant extracts that have been used for treating
various human diseases as traditional medicine (71). Some pharmacological effects of
resveratrol, such as antiviral, anti-inflammatory, lifespan extension, have been demonstrated in
various studies. But little evidence about antifungal activity exists (72). In an in vitro study, 20-
200 pg/ml stock solution of resveratrol was added to the well of c.albicans and incubated for 16h
at 30°C. To assessed the morphological transition of c.albicans, they recognized that resveratrol
was effective in both types of fungus (hyphal growth and yeast-form growth) and can inhibit
c.albicans growth. Also, resveratrol impaired morphological transition in various situations. For
instance, serum induction, nutrient starvation, and neutral ph. They mentioned that the inhibition
of yeast form occurred at 100 or 200 pg/ml concentration (72). Moreover, another in vitro study
has been indicated that the compound of resveratrol can disrupt the serum-induced filamentous
form of c.albicans. They stated that potential antifungal activity was at 10-20 pg/ml
concentration. Nevertheless, it was a little less potent than amphotericin B that used as a control
group. They proposed that the antifungal activity of resveratrol is due to the induction of some
intracellular physiological changes, Trehalose accumulation happens, and cell-cycle will be
arrested (71). On the contrary, an in vitro study that used 0.2, 2, and 20 pg/ml solution of
resveratrol and compared with fluconazole (0-0.128 pg/ml) stated that no distinct reaction
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observed against c.albicans even at 20 pg/ml. They incubated the plates with resveratrol and
candida for 24 h at 37°C.in their study, different experimental condition and type of candida
strains were mentioned as a variable effect of resveratrol antifungal properties (73). On the other
hand, the latest study in 2019, which investigates the antibiofilm activity of a semi-synthetic
molecule obtained from resveratrol, showed antifungal activity of this phytochemical. In this
essay, 0.81 to 20.31 mM concentration of EB487(resveratrol) was applied to the well and
incubated at 37 for 24 h. They concluded that above 8.13 mM would inhibit biofilm growth
regardless of the studied strains and 20.32 mM as the highest tested concentration inhibits 80%
biofilm growth (74).

Ginger

Ginger is used to treating movement disorders, nausea, and vomiting during pregnancy in
traditional medicine (75). It consists of polyphenol compounds in its root and extract, which have
considerable antioxidant activity. Several studies have shown antibiofilm activity against
pathogenic bacteria (76) and antifungal properties against c.albicans isolated from the patient
with genital candidiasis. However, there are only a few studies evaluating the effect of ginger on
oral candidiasis (75). In an in vitro study, the mouthwash form of ginger was applied to the well
of candida and incubated for 24 h. different concentration of ginger (0.625 to 80 mg/ml) was
compared to Muller-Hinton agar without ginger extracts and ethanol 70% as control groups.
They concluded that biofilm reduction started at a concentration of 0.625 mg/ml, and at 40
mg/ml, no sign of biofilm formation was observed. Indeed, they mentioned that 0.625 to 5 mg/ml
could be used successfully against candida colonization in the oral cavity (75). In another in vitro
study, the effect of essential oil of different plants such as cinnamon, ginger rhizome, rosemary,
thyme, sage, and basil against c.albicans was investigated. C.albicans was selected from HIV
positive patient that infected by oropharyngeal candidiasis or immunocompromised patient with
disseminated fungal infection. Also, commercial strains used in this study as control strains.
Candida species divided into two groups namely, fluconazole-susceptible and fluconazole-
resistant (76). The essential oil was prepared with 50 to 3200 pg/ml concentrations applied to the
well and incubated for 48 h at 35°C. Results showed that ginger essential oil exhibited
significant antifungal activity against both groups of candida, but its potency was the lowest in
comparison with cinnamon or oregano and thyme. They stated that the fluconazole-resistant
group was more susceptible to this essential oil (76). Moreover, a further in vitro study evaluated
different components of ginger; three gingerols (6- gingerol,8- gingerol,10, gingerol) and three
shagaols (6- shagaols,8- shagaols,10-shagaols) against fluconazole-resistant c.albicans. They
used DMSO 0.1% as the control group, and the concentration of extracts was 0-500 pg/ml. Their
outcome was in the following order: 6-gingerol,8-gingerol, and 6-shogaol demonstrated
antibiofilm activity at levels 10,50,100 pg/ml, while 10-gingerol,8-shogaol, and 10-shogaol
showed no effect even at 100 pg/ml. In reality, they concluded that the antibiofilm activity of the
compound was attributed to the number of carbon side chains, as carbon side chain numbers
become weighty, antibiofilm event appeared to decrease (77).
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Berberine

Berberine is identified as a defense compound in plants and protects them against
microorganisms (78). Some pharmacological effects of berberine are recognized, such as
antiarrhythmic, anti-inflammatory and anticancer properties (79). Several studies assessed the
pharmacology and clinical efficacy of berberine and have suggested its antimicrobial, antifungal,
and antivirus effects (78). In an in vitro study, the effects of berberine alone and in combination
with fluconazole and miconazole were investigated. They used 1.95 to 250 mg/1 for berberine,
0.125 to 4 mg/l for miconazole, and 0.5 to 16 mg/l for fluconazole and added to the plate of
candida species and incubated for 24 hours at 37°C. Results revealed that berberine showed
antifungal activity against candida species, but non-albicans strains were more vulnerable than
c.ablicans. Also, they stated that berberine plus miconazole or fluconazole showed a strong
synergic effect against both forms of c.albicans (planktonic and biofilm) (78). In another in vitro
study, the potential effect of berberine alone and in combination with fluconazole were analyzed
against fluconazole-resistant c.albicans. 0.125 to 64 pg/ml of fluconazole and 1 to 32 pg/ml of
berberine were used, and outcomes demonstrated that berberine and fluconazole alone had a
weak antifungal activity. In contrast, a combination of these substances produced a large and
significant inhibition zone in c.albicans plates (80). In another in vitro study, the sensitization of
c.albicans to terbinafine by BBR and berberrubine were analyzed. They applied 100 pg/ml of
materials in the plates and incubated for 48 h at 35°C. their result’s revealed that berberine and
berberrubine (it is analog) alone showed small or no antifungal activity, but the combination of
100 pg berberine and 6 pg terbinafine showed significant antifungal activity, even when
compared with terbinafine alone. They stated that berberine, in conjunction with terbinafine,
does not show any inhibition zone on the well (81). In contrast, an in vitro study showed that
BBR might enter c.albicans cell and act in both extracellular and intracellular sites. BBR
treatment will decrease ergosterol, so it leads to the loss of membrane permeability and cause the
cell death of c.albicans. They assessed 5, 10, 25, 50 and 100 pg/ml of berberine and added to the
well and compared them with PBS. They incubated at 37°C for 15 and 60 min. They concluded
that berberine accumulation at a dose of 50 pug/ml is time-dependent and suggested that berberine
may serve as an alternative treatment for candidiasis (82). Furthermore, a further in vitro study
demonstrated that after 24 hours of treatment with berberine, mitochondrial dysfunction was
observed in fluconazole-resistant c.albicans strains. They stated that BBR prompts the apoptotic
mechanism in fungus, which are resistant to fluconazole. In their study, they examined 0.125 to
64 ng/ml of concentration of berberine against c.albicans, and incubation time lasts for 24 h at
35°C. They showed that berberine reduced the number of c.albicans in all level due to induction
of instability in the cell membrane of fluconazole-resistant strains (83).

Conclusion and future perspective

This review has comprehensively assessed the effects of nutraceuticals and other diet ingredients
on Candida Albicans in oral candidiasis based on pre-clinical and clinical trials. The results have
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shown that almost all of the nutraceuticals and specific diet ingredients discussed above such as
garlic, green tea, propolis, curcumin, licorice root, cinnamon, resveratrol, ginger, and berberine
are useful in the treatment of Candida Albicans in oral candidiasis. These nutraceuticals are not
expensive without any major side effects compared to other pharmacological agents. However,
most of the evidence was based on the in vitro situation and animal studies, so it is strongly
recommended to conduct more clinical trials to show the effectiveness of these phytochemicals
on humans as well as the optimum dose and duration of treatment.
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Table 1. The effects of nutraceuticals and herbal medicine on Candida Albicans based on in vitro studies

Author, | Type of Agent concentrati | Way of Treatmen | Intervention Type of | Main outcome
Year article on candida t duration | assigned to applicati
collection the control on
group
Thambu | In vitro Tulbaghia 0.06% The culture | 24 hours Fluconazole drug | Aqueous Extracts of T.violacea
ran et al. alliacea 0.15% was Methanol | were most inferiorin
2006 Tulbaghia 0.30% obtained chlorofor | preventing the growth
(10) violacea from the m of the fungus; they were
Allium university inactive at the lowest
sativum concentration of 0.06%
and only shown small
zones of inhibition at
the higher
concentrations. In
contrast, all extracts of
T.alliacea at all
concentrations
exhibited antifungal
activity
Motsei In vitro Tulbaghia 100 mg/ml From 5- 7 days Amphotericin B | Aqueous They had the best
et al,, violacea month-old activity against candida-
2003 (7) Allium baby and Albicans
sativum patient in
Other species Christ The
King
hospital
Mendoza | In vitro Allium 7.8 to 1000 56 patients | 48 hours fluconazole Essential the essential oil of
-Juache sativum pg/ml who wear oil A.sativum is more
etal. the effective than
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2017 (5) denture fluconazole
Behbeha | In vitro EGCG 0.98t0 62,5 | Collected 48 hours Fluconazole and | solution The synergistic effect of
ni et al. ug/ml from ketoconazole EGCG was supported in
2019 dental this study.EGCG alone
(34) patient can inhibit the growth of
candida in planktonic
and biofilm mode.
Antunes | In vitro Green tea 10 ml Acrylic 24 hours Distilled water aqueous Green tea was
etal, extract resin significantly effective in
2015 the heat-cured group
(35) but not in microwave
one.
Ota et In vitro/in Brazilian 1-10 mg Dental 48 ethanol solution Candida Albicans was
al,2001 | vivo propolis school ,72,96,120 most sensitive strain to
(45) patient hours propolis, especially at 8
mg/ml
Freires In vitro Brazilian 0.2 TO 500 Bank of 24 hours nystatin liquid Strong antifungal
et al. propolis ug/ml microorgan activity was observed,
2016 (EEP3,EEP13) ism and EEP 13 has a lower
(46) MIC than EEP3
Martins | In vitro Brazilian 20 ul 12 HIV- 48 hours Nystatin(100 IU) | Solution In seropositive patient:
et al. propolis(EEP seropositiv Distilled EEP and nystatin was
2002 20%) e and water(20ul) effective against candida
(42) seronegativ Fluconazole(25m and candida was
e patient g) resistant to other drugs
Clotrimazole(50 In seronegative patient:
mg) candida was vulnerable
Econazol(25mg) to all antifungal drugs
and EEP
Gomaa In vitro Egyptian 25t0 125 Patient 24 and 48 Culture control( | solution EEP was successful in
etal. propolis (5%) | ng/ul with acute | hours no additional preventing candida
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2013 pseudome drug) growth at 75 ng/ul
(47) mbranous
disease
Fonseca | Invitro Curcumin 5mg/g 12 hours Curcumin in oleic | Solution The formulation was
santos acid effective in
et al. Ex-vivo 7.8 to 1000 School of 14 hours Fluconazole(512 improvement of
2019 ug/ml pharmaceu ug/ml) candidiasis
(55) tical Amphotericin B(
sciences 16 pg/ml) Curcumin was more

potent than other

groups
Mahatta | In vitro Chitosan- 0.15 Bioprosthet | 10 minutes | CHX group 0.2 mouthwas | Curcumin in addition to
nadul et curcumin ic biofilm +24 hours | w/v h chitosan act as a safe
al.2018( colonizatio | incubation | 0.9% normal agent to the
56) n model time saline management of

candidiasis
Daliri In vitro Curcumin 10.2% Did not 30, 60, Positive control: | Aqueous CUR 10.2% in 30 s has
etal. et mentioned | 120s PDT culture without extract the highest antifungal
al. 2019 time and PS activity
(49) 24 hours Negative control:

incubation | culture without
time c-albicans
nystatin
Seleem In vitro/In Lichochalcone | 2.8-280 uM Commercia | 24 hours Fluconazole (32- | solution Antifungal activity of
et al. Vivo A (licorice | strain 320 uM) Lichochalcone A was
2016 root) ATCC Nystatin (100 comparable to
(60) 90028 Mm) antifungal drugs.
Ethanol 1%

Oliveira | Invitro G.glabra L 0.19to 11 Obtained 24 hours Untreated group | solution G.glabra L shows the
et al. (licorice root) | mg/ml from the highest cytotoxicity
2013 oral cavity effect especially against
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(61) of candida albicnas strain
pulmonary
tuberculosi
s patient
Roque In vitro G.glabra L 10 mg/ml Commercia | 24 hours Nystatin Toothpast | Ethanol extracts showed
etal. (licorice root) | strain Glabridin e the highest antifungal
2018 ATCC DMSO Oral gel activity and oral film
(11) 10231 Oral film with PLGA exhibit the
most interaction with
mucin
Irani et In vitro G.glabra L 4and 8 Commercia | 24 hours Chloramphenicol | Ethanol Leave extracts and
al. 2010 (licorice root) | mg/disk | strain (30 pg) agueous ethanolic form had
(62) ATCC solvent significant antifungal
10231 activity
Sharma | Invitro G.glabra L 50grin67% | Commercia | 24,48,72 Fluconazol(10mc | solution G.glabra L had greatest
etal. (licorice root) | ethanol | strain hours g) antifungal activity
2016 ATCC ltraconazol(10m compared to
(58) 66027 cg) fluconazole and
clotrimazol(10m itraconazole and
cg) insignificant activity in
comparison with
clotrimazole
Oliveira | Invitro/in | C.Z(cinnamon) | 2ppm Commercia | 1: 24 hours | 2: artificial saliva | 1:ESSENTI | Cinnamon inhibits the
et al. vivo | strain 2: 15 days Nystatin (100000 | AL OIL growth of c.albicans
2014 (9) ATCC Ul/ML) 2:mouthw | The hardness of acrylic
76485 ash resins in cinnamon
30 HC mouthwash influenced
acrylic less than nystatin group
resin
Taguchi | Invitro/invi | Cassia(cinnam | 100% ( 0.2 Commercia | 18 H DMSO 10% solution Strongest effect was
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etal. VO on cassia) mg/ml) | strain related to cinnamon
2010(68 TIMM1768
)
Latti et Invitro cinnamon 100%(10 Commercia | 24 h DMSO Crude Cinnamon had
a. mg/ml) | strain extract maximum antifungal
2019(67 ATCC2091 solution activity in comparison
) with other drugs
Veilleux | Invitro Cinnamon 1.25-0.195 % | Commercia | 24 h nystatin Essential Cinnamon oil in
et al, Cinnulin pf 62.5to 1000 | Istrain oil combination with
2019(69 pg/mi ATCC28366 cinnulin of can act as an
) And cases antifungal agent and
of systemic prevent adhesion of
candidiasis candida to the oral
mucosa
Almeida | Invitro Cinnamon 1:7.8 to 1000 | 1:Commerc | 1:24-48 h 1:Nystatin(0.5 to | Essential Both essential oils
et al. citronella pg/mi ial strain 2:immersio | 64 yug/ml) and oil exhibited antifungal and
2016 2:1 mg/ml ATCC90028 | n for 3 min | fluconazole antibiofilm activity
(70) and and 2:PBS
2:Human incubation
saliva for 24 h
Warnke | Invitro cinnamon Did not Commercia | 18 h Olive oil Essential The largest effective
et al. mentioned | strain Industrial oil zone belongs to
2009 ATCC10231 paraffin oil cinnamon oil.
(66) Ethanol 70%
H202 3%
CHX 0.15
Povidone-iodine
Lam et In vitro Berberine 100 pg/ml Obtain 48 h Terbnafine solution BBR in combination with
al, berberrubine from the DMSO terbinafine will produce
2016 American larger inhibition zone in
(81) type of plates of c.albicans. but
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culture BBR or berberrubine
collection alone did not inhibit the
growth of c.albicans

Wei et In vitro Berberine 1.95 to 250 Obtained 24 hours Fluconazole(0.5 | solution A combination of BBR
al. mg/I from the to 16 mg/l) and miconazole or
2011 college of Miconazole fluconazole showed
(78) dentistry (0.125 to 4 mg/l) strong antifungal

activity. However, BBR
showed antifungal
activity alone.

Quan et | Invitro Berberine 1to 32 40 clinical 24 H ATCC90028 as solution BBR or fluconazole do
al. ug/ml isolated of the control not show significant
2006 fluconazole group Antifungal activity, but
(80) -resistant the combination of

strains them revealed strong
ATCC90028 antifungal properties

Zoricet | Invitro Berberine 5.10.25.50,1 | ATCC90028 | 15 and 60 PBS solution BBR showed strong
al. 00 ug/ml min antifungal activity
2017 against c.albicans
(82)

Silva et In vitro Berberine 0.125to 64 Blood 24 h Other strains of | solution BBR showed great
al. ug/ml sample at candida used as antifungal activities.
2016 central controls
(83) public

health

Aghazad | Invitro Zingiber 0.625to 80 Clinical 24h No treatmentin | mouthwas | 0.625 to 5 mg/ml can be
eh et officinale(ging | mg/ml isolate control h used successfully in the
al. er) from the Ethanol 70% oral cavity for
2016 Iranian antibiofilm activity
(75) research against c.albicans.

organizatio
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n

Pozzatti | Invitro Ginger 50to 3200 ATCC0231 | 48h No additional solution Ginger showed
et al. rhizome ug/ml HIV treatment antifungal activity but it
2008 positive wit was not as potent as
(76) oropharyng oregano, thyme, and
eal cinnamon
candidiasis
Immunoco
mpromised
with
disseminat
ed
candidiasis
ATCC90028
Lee et In vitro Ginger 0-1000 pg/ml | DAY185 24 h DMSO 0.1% solution Ginger showed that
al. (gingerol,shog antifungal activity in
2018 aol) compound contains a
(77) smaller carbon side
chain
Okamot | Invitro resveratrol 20-200 SC5314 16h No additional solution Resveratrol is effective
o- ug/ml treatment against the yeast form
Shiba of c.albicans
yama
etal.
2010
(72)
Jung et In vitro resveratrol 10-40 pg/ml | Center for | 48H Amphotericin B | solution Resveratrol had
al. academic antifungal activity at a
2007 societies in final concentration of
(71) japan 10-20 pg/ml
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Weber In vitro Resveratrol(R | 0.2-2-20 ATCC90028 | 24H Fluconazole (0 to | solution Resveratrol did not
et al. 5010) ug/ml ATCC76615 128 pg/ml) inhibit candida’s growth
2011 SC5314
(73)

Juin et In vitro Resveratrol(E | 0.81t020.32 | Atcc28367 |24 h Untreated group | solution Strong ability of EB487
al. B487) mM Cald-p was demonstrated to
2019 inhibit biofilm growth
(74) and preformed biofilm
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Table 2. The effects of nutraceuticals and herbal medicine on Candida Albicans based on clinical trials

Author, | Type of Agent Dose Treatme | Number Mean Interventio | Type of Main
Year article nt of age n assigned | application | outcome
duration | participan to the
ts control
group
Bakhshi, randomize | garlic 40 4 weeks 40 73,52 + Nystatin Agueous Improving
et al, d double- mg/ml 9.81 mouthwash | solution the
2012(8) blind erythematou
clinical trial s lesion
Sabitha et | Randomize | garlic Quantit | 2 weeks 56 More than | Clotrimazole | paste As effective
al. d clinical y 18 solution 1% as
2005(19) | trial sufficie clotrimazole
nt to
cover
entire
lesion
Ghorbani | Clinical trial | Camellia | 0.5% land7 22 65+11.3 Nystatin mouthwash Length and
et al, sinensis and 14 suspension width of
2018(32) days 1000 u/ml lesion
decreased in
green tea
groups as
well as
nystatin
Pina et Multicentri | Brazilian | 2% 2 weeks 40 Over 60 Miconazole | gel EEP-AP
al,2017(6 |c propolis years 20mg/g seems to be
) randomize no inferior
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d trial

to
miconazole
and can be
recommend
ed as an
alternative

Capistran
o etal,
2013(4)

Randomize
d clinical
trial

Brazilian
propolis

2%
24%

2 weeks

45

60.76+11.

34

Miconazole
gel 2%

Gel
mouthwash

Both forms
of propolis
have
antifungal
activity
similar to
miconazole

Santos et
al,
2008(43)

Clinical
pilot study

Brazilian
propolis

10%

1 week

30

51

miconazole

gel

Complete
remission of
the lesion in
both groups
was
observed

Santos et
al,2005(4
4)

Clinical trial

Brazilian
propolis

20%

1 week

18

42

Nystatin
100.000
Ul/ML

Solution(bottl
e)

Propolis
group
treated
lesion similar
to control

group

Ota et
al,2001(4
5)

Invitro/invi
VO

Brazilian
propolis

6%

2 weeks

12

Hydroalcoho
lic without
propolis

mouthwash

Propolis
group
showed a
significant
reduction in
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number of

candida
Mustafa Single curcumin | 0.1% 2 weeks 30 58 CHX mouthwash Efficacy of
etal. center RCT mouthwash CHI-CUR
2019(52) Chitosan mouthwash
0.5% was better
than other
groups
Oliveira Invitro/invi | C.Z( 625 15 days 15 40-60 Compared to | mouthwash None of
et al. VO cinnamo | pg/ml years invitro part patients
2014(9) n) of the study showed
signs and
symptoms
anymore
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Table 3. The effects of nutraceuticals and herbal medicine on Candida Albicans based on animal studies

Author | Anim | Agent Dose Treatment | Numbe | Intervention Type of Main outcome
, Year |al duration | rof assigned to the | assessme
type animal | control group nt
S
Rahayu | Wistar | Camellia Green tea 4and 7 35 No additional Collection Green tea has an
etal, rats sinensis 1.25% days treatment of blood immunomodulat
2018 EGCG 1% serums ory and positive
(1) EGC 1% effect against
candida more
than two other
type
Dovigo | Murine | curcumin 7.4,14.7 and 20 minutes | 45 Positive: DMSO Samples All curcumin and
etal. model 29.5 mg/ml preactivatio 10% swabbed LED light were
2013 ntime Negative: animals | from the able to create a
(53) 7 minute without tongue of significant
LED immunosuppressi | mice reduction in
on colonies count
Sakima | Murine | curcumin 260 uMm 5 days 235 No additional Samples Cationic CUR-NP
et model treatment swabbed + PDT, NYS1,
al.2018 from the NYS4, and free
(51) tongue of CUR+ PDT shows
mice good antifungal
activity
Karama | BALB/c | curcumin 200 mg/kg 5 days 35 Negative control: | Serum Curcumin in
netal, | mice without candida sample combination with
2011(5 Positive control: were dexamethasone
4) saline solution assessed shows significant
reduction in
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candida colonies

Seleem | BALB/c | licorice 7.5 mM 5 days 15 Nystatin(100m M) | After Lichochalcone A
etal. mice ETHANOL 1% euthanizing | and nystatin
2016 the mice show significant
(60) tongues antifungal
were activity
sectioned
Taguchi | In Cassia(cinnamo | 5% 5 times 101 No additional Samples 100%
et al. vitro/i | n) 25% after control group swabbed concentration
2010 n vivo 100%(200mg/ | infection ( from exhibited
(68) ml) 3,21,27,45, tongue of antifungal
41 hours) mice activity and
eradicated the
symptom
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Table 4. Summary of review studies regarding the effects of nutraceuticals and herbal medicine on Candida Albicans

Author, year Type Number of included agent Main outcome
studies
Casaroto et al. 2010 Review 3 in vitro propolis Propolis can be suggested for the treatment
(48) 2 invivo of candidiasis
Santezi et al. 2018 Review Total: 28 curcumin PDT promote a reduction of c-albicans
(50) Candida-albicans: 7
Sidhu et al. 2018 (59) | Review 3 animal Licorice root Licorice can be mentioned as a useful
3 invitro therapeutic agent and as an alternative drug

for oral candidiasis.
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