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A B S T R A C T   

Ethnopharmacological relevance: Boesenbergia rotunda (L.) Mansf. (Zingiberaceae) is an indigenous plant of 
Southeast Asia. Based on ethnopharmacological use, the rhizome is recommended in the treatment of stom
achache, leukoplakia, abscesses, and leukorrhea in Thailand primary health care system. Candida albicans often 
causes leukorrhea, and infection of many mucosal sites. Its infection leads to serious illness. 
Aim of the study: This study aimed to investigate the effects of the ethanolic extract of the B. rotunda rhizome on 
C. albicans ATCC10231 in the stages of planktonic and biofilm formation and to explore the underlying 
mechanisms. 
Materials and methods: The chemical composition of the extract was determined using ultra-performance liquid 
chromatography (UPLC). The planktonic growth of C. albicans was evaluated by the microdilution method, 
following EUCAST guidelines. For each stage of biofilm formation, the biofilm was assessed by the MTT assay. 
The biofilm structure was examined under a light microscope. The degree of cell surface hydrophobicity was 
measured. The mRNA levels of ALS1, ALS3, and ACT1 were determined by RT-qPCR. 
Results: The extract of B. rotunda consisted of 25% (w/w) pinostrobin and 12% (w/w) pinocembrin. All stages of 
C. albicans biofilm formation were significantly inhibited by the extract, whereas the planktonic growth did not 
change. Biofilm development greatly decreased due to the extract in a concentration-dependent manner, with an 
IC50 value of 17.7 μg/mL. Pinostrobin and pinocembrin demonstrated inhibitory effects during this stage. These 
results were in accordance with the microscopic evaluation. The filamentous form decreased with pinocembrin 
rather than pinostrobin. Moreover, the cell surface hydrophobicity was significantly decreased by 6.25 and 12.5 
μg/mL of the extract and 100 μM of pinocembrin. The ALS3 mRNA level was noticeably decreased by 12.5 μg/mL 
of the extract, 100 μM of pinostrobin, and 100 μM of pinocembrin. The ACT1 mRNA level decreased significantly 
with pinocembrin. However, the ALS1 mRNA level was not altered following all treatments. 
Conclusion: The ethanolic extract of B. rotunda could inhibit biofilm formation of C. albicans, especially during the 
biofilm development stage, by means of reducing the cell surface hydrophobicity and suppressing the ALS3 
mRNA expression. Pinocembrin had a stronger effect on ALS3 mRNA expression than pinostrobin. Only pino
cembrin significantly decreased the ACT1 mRNA level.   

1. Introduction 

Candida albicans, an opportunistic fungal pathogen, is the predomi
nant species causing candidiasis, which results in morbidity and mor
tality in immunocompromised patients (Kaur et al., 2016; Melo et al., 
2019). Its virulence factors include its ability for morphological transi
tion and its capability of forming a biofilm (Mayer et al., 2013). 

In the life-cycle of C. albicans, a transition between yeast, pseudo
hyphae, and true hyphae forms occurs. Filamentous forms, pseudohy
phae and true hyphae, involve an invasion process. C. albicans grows as 
oval budding yeast cells in liquid medium and then adheres to surfaces 
such as medical devices and human tissues. Adhesion is the initial stage 
of biofilm formation. Then, cell proliferation and filamentation follow to 
form a complex network of polymorphic cells surrounded by an 
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exopolymeric matrix (Gulati and Nobile, 2016; Wall et al., 2019). The 
biofilm plays an important role in structural protection, leading to 
resistance of the biofilm to many antifungal agents, which is remarkably 
more than planktonic cells (Chandra et al., 2001). Moreover, the prop
erties of the biofilm, such as its matrix components, efflux pumps, and 
metabolic plasticity, are associated with its resistance (Gulati and 
Nobile, 2016; Mayer et al., 2013). Recently, the agglutinin-like sequence 
(ALS) family, which encodes cell surface glycoproteins, has been iden
tified as a specific gene for C. albicans biofilm formation (Hoyer et al., 
2008). The expression of the ALS1 gene was preferentially increased 
during biofilm development compared to that under planktonic condi
tions (Chandra et al., 2001; O’Connor et al., 2005). The biofilm mass and 
ability of the C. albicans als3/als3 mutant to adhere to human epithelial 
decreased significantly when compared to the wild type (Murciano 
et al., 2012; Zhao et al., 2006). Moreover, it was demonstrated that the 
ALS3 protein adhered to endothelial and epithelial cells by binding to 
cadherin on the membrane of host cells, thereby inducing endocytosis 
(Phan et al., 2007). Thus, these genes might be novel targets for 
C. albicans biofilm eradication. 

Boesenbergia rotunda (L.) Mansf. (synonyms; Boesenbergia pandurata 
(Roxb.) Schltr. and Kaempferia pandurata Roxb.), belonging to the Zin
giberaceae family, is an indigenous plant of Southeast Asia (Smitinand, 
2014). Its rhizome has been widely used throughout the region, and was 
selected to establish a monograph in the Standard of ASEAN Herbal 
Medicine (Ali et al., 2010; ASEAN Countries, 1993; Eng-Chong et al., 
2012). The primary health care system in Thailand recommended it for 
the treatment of stomachache, leukoplakia, abscesses, and leukorrhea 
(Bunyapraphatsara et al., 1992). The ethno-pharmacological properties 
have led to scientific investigations for several infections including those 
caused by C. albicans (Chahyadi et al., 2014; Jitvaropas et al., 2012), 
commonly occurred in vagina, mouth, and other mucosal sites (Mayer 
et al., 2013). The B. rotunda rhizome extract has been reported for 
inhibitory effects on C. albicans as well as clinical isolates from AIDS 
patients (Phongpaichit et al., 2005). The metabolic activity of C. albicans 
biofilm was almost completely inhibited by the oils from the rhizome 
(Taweechaisupapong et al., 2010). Moreover, the rhizome extract 
decreased the adhesion of C. albicans on acrylic strips in a 
concentration-dependent manner (Sroisiri and Boonyanit, 2010), and 
preferably affected the infection of C. albicans and Streptococcus mutans, 
frequently found in dental cavity and related to dental plaque biofilm 
(Falsetta et al., 2014). With continual traditional uses and scientific 
evidences, the B. rotunda extract was used and developed by a special
ized Thai traditional medicine hospital as an active ingredient in a 
modernized mouth care products (Wiwanitkit, 2020). 

Flavonoids are a major chemical constituent of the rhizome (Cha
hyadi et al., 2014). Flavanones, a type of flavonoids, are predominantly 
found in the B. rotunda rhizome extract, and the three most abundant are 
pinostrobin, pinocembrin, and alpinetin (Tan et al., 2015). Pinostrobin 
and pinocembrin have exhibited effective antifungal activities (Ramirez 
et al., 2013; Wangkangwan et al., 2009). In addition, it was shown that 
bacterial biofilm formation for Staphylococcus aureus, Escherichia coli, 
and Pseudomonas aeruginosa decreased due to pinostrobin (Christena 
et al., 2015), and bacterial biofilm formation for Enterococcus faecalis 
and S. mutans decreased due to pinocembrin (Ong et al., 2017; Veloz 
et al., 2019). Consequently, it was hypothesized that the B. rotunda 
rhizome extract and major components would influence biofilm for
mation of C. albicans, but the mechanism of biofilm eradication 
remained unclear. This study aimed to investigate the effects of the 
ethanolic extract of the B. rotunda rhizome on C. albicans in the stages of 
planktonic and biofilm formation and to explore the underlying 
mechanisms. 

2. Materials and methods 

2.1. Plant material and preparation of the extract 

The rhizomes of B. rotunda were collected from DMSC herbal garden, 
Nonthaburi, Thailand (N 13.8525, E 100.5314). The plant material was 
authenticated and kept as voucher specimen no. DMSC5205 at the 
Department of Medical Sciences Herbarium. Ten kilograms of the 
B. rotunda rhizomes were dried and ground. The powder was macerated 
3 times with 95% (v/v) ethanol for 72 h. The supernatants were pooled, 
filtered, and evaporated under reduced pressure. The extract of 
B. rotunda was then stored at -20 �C until use. 

2.2. Chemical analysis of the B. rotunda extract 

Ultra-performance liquid chromatography (UPLC) (Acquity™ UPLC; 
Waters Corporation, MA, USA) was conducted to determine the chem
ical composition of the B. rotunda extract. The chromatographic condi
tion consisted of an Acquity™ BEH C18 column (100 � 2.1 mm, 1.7 μm), 
a gradient of (A) water and (B) methanol–acetonitrile (1:1) as the mobile 
phase, and a photodiode array detector. The flow rate and column 
temperature were set at 0.5 mL/min and 35 �C, respectively. The 
B. rotunda extract, pinostrobin (99% purity; Sigma Chemical, MO, USA), 
and pinocembrin (95% purity; Sigma Chemical, MO, USA) were freshly 
prepared in methanol. The analysis was determined at a wavelength of 
290 nm. 

2.3. Microdilution assay: effect of the B. rotunda extract on C. albicans 
planktonic growth 

C. albicans ATCC 10231 (American Type Culture Collection, MD, 
USA) was cultured on Sabouraud dextrose agar (Merck, Darmstadt, 
Germany) at 37 �C for 72 h. A colony was inoculated into Sabouraud 
dextrose broth (BD, MD, USA) and cultured overnight at 37 �C and 120 
rpm. The yeast cells were centrifuged at 4,000 rpm for 10 min, and the 
pellet was then suspended in RPMI 1640 medium (Invitrogen Corpora
tion, NY, USA) supplemented with 165 mM MOPS buffer (HiMedia 
Laboratories, Mumbai, India) and 2% (w/v) glucose (Merck, Darmstadt, 
Germany). Following the EUCAST guideline (Rodriguez-Tudela et al., 
2008), the microdilution method was employed to determine the sus
ceptibility of C. albicans to planktonic growth. The B. rotunda extract was 
freshly dissolved in DMSO at a concentration of 40 mg/mL and then 
serially double-diluted to the desired concentrations. In this study, 1 �
106 CFU/mL of C. albicans was treated with 3.125–200 μg/mL of the 
B. rotunda extract by the addition of an equal volume of the respective 
extracts and C. albicans suspension into 96-well round bottom micro
plates. The cells treated with 0.5% (v/v) DMSO and amphotericin B 
(WHO International Laboratory for Biological Standards, London, En
gland) were the vehicle control and positive control, respectively. 
Samples under each condition were incubated at 37 �C for 24 h. Yeast 
growth was determined by comparing the absorbance of initial and final 
incubation at 600 nm. The minimum inhibitory concentration (MIC) was 
considered the concentration that inhibited growth of the yeast to 10% 
of the control. 

2.4. Anti-biofilm formation assay 

Biofilm formation was determined as described previously (Yan 
et al., 2019), with minor modifications. All stages of C. albicans biofilm 
formation: adhesion, biofilm development, and mature biofilm were 
examined with B. rotunda extract at concentrations of 3.125–200 μg/mL. 
For the adhesion stage, C. albicans was seeded at a density of 5 � 106 

CFU/mL on 96-well flat bottom microplates, with or without the extract. 
Plates were incubated, undisturbed, at 37 �C for 90 min to allow 
attachment of the yeast cells on the polystyrene surface. For the devel
opment stage, C. albicans was allowed to adhere, and non-adherent cells 

J. Kanchanapiboon et al.                                                                                                                                                                                                                      



Journal of Ethnopharmacology 261 (2020) 113193

3

were removed by washing thrice. The adhered cells were cultured in the 
presence or absence of the extract at 37 �C for 24 h. For the mature 
biofilm stage, C. albicans adhered to microplates and grew for 24 h until 
the biofilm formed. Following washing thrice, the medium was replaced 
with the extract, and the cells were then incubated at 37 �C for 24 h. 
Each stage of biofilm formation was assessed according to the metabolic 
activity determined using the MTT assay (Grela et al., 2018), which 
C. albicans was washed thrice and 0.2 mg/mL of the MTT solution was 
added. The cells were incubated at 37 �C for 2 h. MTT was reduced in 
viable cells to obtain purple formazan crystals that were further dis
solved with DMSO. Absorbance was measured at 570 nm. The RPMI 
1640 medium supplemented with 0.5% (v/v) DMSO was the treatment 
condition used as the vehicle control. Amphotericin B was used as the 
positive control. Pinostrobin and pinocembrin were examined in the 
biofilm development stage as described above. Both compounds were 
used at concentrations of 6.25–200 μM. 

2.5. Biofilm analysis by optical microscopy 

The biofilm of C. albicans was observed under an Eclipse TS100 
inverted microscope (Nikon Instruments Inc., NY, USA). Photographs 
were taken at 200� magnification. 

2.6. Cell surface hydrophobicity assay 

Cell surface hydrophobicity of C. albicans was assessed using the 
microbial adhesion to hydrocarbons assay (Rosenberg, 1984). At a 
density of 5 � 106 CFU/mL, C. albicans was treated with 3.125, 6.25, and 
12.5 μg/mL of the B. rotunda extract, 100 μM pinostrobin, or 100 μM 
pinocembrin. These cultures were incubated at 37 �C for 24 h in order to 
form biofilms. The biofilm was washed and collected in PBS. For the 
planktonic specimen, C. albicans was cultured without treatment and 
collected at the same time point. The sample was centrifuged at 4,000 
rpm for 10 min, and the pellet was suspended with PBS. The 800 μL of 
the cell suspension was pipetted into a glass tube and overlaid with 200 
μL of xylene (Daejung, Gyeonggi-do, Korea). The mixture was vortexed 
for 2 min and set aside for 10 min. The cell suspension, lower phase, was 
taken to measure absorbance at 600 nm. The percentage of cell surface 
hydrophobicity was calculated by comparison of the absorbance be
tween before and after mixing with xylene. The PBS without C. albicans 
was used as the vehicle control. 

2.7. Reverse transcription and quantitative polymerase chain reaction 
(RT-qPCR) 

The Presto Mini RNA Yeast Kit (Geneaid Biotech, New Taipei, 
Taiwan) was used to isolate RNA from the C. albicans biofilm. The bio
film was washed and collected in PBS. The cell suspension was centri
fuged at 8,000 rpm for 10 min. The cells were suspended in sorbitol 
buffer supplemented with 200 U lyticase (Sigma Chemical, MO, USA) to 
form a spheroplast. Total RNA was purified using a spin column, 
following the manufacturer’s instruction. The DNA contaminants were 
digested with 10 U of DNase I solution at room temperature for 30 min. 
Then, 50 ng of total RNA was reverse-transcribed and amplified using 
the Omniscript® Reverse Transcription Kit and the QuantiNova SYBR® 
Green PCR kit, respectively (Qiagen, Hilden, Germany). Primers were 
designed using the NCBI primer designing tool to recognize ALS1, ALS3, 
and ACT1 genes, as illustrated in Table 1. The cycling protocol of cDNA 

amplification was designed for 40 cycles, consisted of denaturing at 95 
�C for 5 s and annealing and extending the temperature to 60 �C for 10 s. 
This was performed using qTOWER3G (Analytik Jena AG, Thuringia, 
Germany). The relative quantification of gene expression was analyzed 
using the 2–ΔCt method, where Ct is the PCR cycle number where the 
reaction curve intersects the threshold line (Livak and Schmittgen, 
2001). 

2.8. Statistical analysis 

Statistical analysis was performed using GraphPad Prism software 
version 5. Each experiment was conducted in triplicate, and the data was 
expressed as the mean � SEM. The statistical difference was analyzed by 
either the t-test or one-way analysis of variance with Dunnett’s multiple 
comparison post-test. In all cases, a p-value of less than 0.05 was 
considered to be statistically significant. 

3. Results 

3.1. Chemical analysis of the B. rotunda extract 

The ethanolic extract of the B. rotunda rhizome was yellowish brown 
in color and had a characteristic odor. UPLC chromatograms of the 
extract and two main constituents were presented in Fig. 1. Pinostrobin 
and pinocembrin appeared at retention times of 5.8 and 3.9 min, 
respectively. The amounts of pinostrobin and pinocembrin in the extract 

Table 1 
Primer sequences for RT-qPCR.  

Gene Forward primer (50-30) Reverse primer (50-30) Product size 

ALS1 GTCAACAGCACAACCTCCGAT TGACAATACCAGAAGAACTGGACA 187 bp 
ALS3 AGGGACCAGGAACCCCAACT TGTATCTCCCGGACTTGCACT 77 bp 
ACT1 AGAGACTTGACCAACCATTTGTCC CGAAATCCAAAGCAACGTAACACA 124 bp  

Fig. 1. Ultra-performance liquid chromatography (UPLC) chromatograms of 
the B. rotunda extract (A), pinostrobin (B), and pinocembrin (C). 
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were 25.2% and 11.6% (w/w), respectively. 

3.2. Microdilution assay: effect of the B. rotunda extract on C. albicans 
planktonic growth 

The planktonic growth of C. albicans was not altered when treated 
with the B. rotunda extract for 24 h (Fig. 2A). However, C. albicans was 
susceptible to amphotericin B, the positive control. C. albicans growth 
decreased significantly due to amphotericin B in a concentration- 
dependent manner, with an IC50 value of 0.3 μM and MIC of 1 μM. 

3.3. Anti-biofilm formation assay 

3.3.1. Effect of the B. rotunda extract on C. albicans biofilm formation 
All stages of C. albicans biofilm formation were inhibited by the 

B. rotunda extract (Fig. 2B–D). Adhesion on the polystyrene surface 
decreased by approximately 20% with the extract at concentrations of 
25–200 μg/mL. Biofilm development and the mature biofilm stage 
decreased significantly in a concentration-dependent manner. The 
inhibitory effect of the extract on biofilm development was shown with 
an IC50 value of 17.7 μg/mL. However, this result was less prominent in 
the mature biofilm. The maximum inhibitory effect reached 33.2% when 
it was treated with 200 μg/mL of the extract. For the positive control, 
C. albicans biofilm formation was dramatically inhibited by amphoter
icin B. The IC50 values for adhesion, biofilm development, and mature 
biofilm stages were less than 0.125, 0.4, and 1.4 μM, respectively. 

The concentration response of the B. rotunda extract on biofilm 

development of C. albicans was also determined under light microscopy 
(Fig. 3). These observations were concordant with the results of the MTT 
assay. The number of C. albicans remaining on the surface in the pres
ence of 200 μg/mL of the extract was similar to that observed in the 
presence of 1 μM amphotericin B. 

3.3.2. Effect of pinostrobin and pinocembrin on the biofilm development of 
C. albicans 

C. albicans during biofilm development stage was significantly 
inhibited by pinostrobin and pinocembrin in a concentration-dependent 
manner (Fig. 4). At a concentration of 200 μM, the biofilm decreased by 
42% and 53% due to pinostrobin and pinocembrin, respectively. 
Structural determination under light microscopy showed that the 
decrease in the C. albicans biofilm correlated with the results of the MTT 
assay (Fig. 5). Moreover, the filamentous form of C. albicans decreased 
due to pinocembrin rather than pinostrobin. 

3.4. Cell surface hydrophobicity assay 

As seen in Fig. 6, the degree of hydrophobicity in the C. albicans 
biofilm was two-fold higher than that under the planktonic condition. In 
the biofilm stage, the hydrophobicity decreased significantly with the 
B. rotunda extract at concentrations of 6.25 μg/mL and 12.5 μg/mL. It 
also decreased with the 100 μM pinocembrin. However, the cell surface 
hydrophobicity of C. albicans was not altered by pinostrobin. 

Fig. 2. Concentration response of the B. rotunda extract on C. albicans in planktonic (A), adhesion (B), biofilm development (C), and mature biofilm (D) stages. The 
metabolic activity, represented by the C. albicans biofilm, was compared with the untreated control. Each value is presented as the mean � SEM (*p-value < 0.05, n 
¼ 4–8). 
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3.5. RT-qPCR: effect on ALS1, ALS3, and ACT1 gene expression 

The ALS3 mRNA level decreased significantly with 12.5 μg/mL of the 
B. rotunda extract (Fig. 7A). The expression of ALS3 mRNA was also 
inhibited by pinostrobin and pinocembrin at concentrations of 100 μM. 
Pinocembrin showed the strongest suppression (0.18-fold) when 
compared to the untreated control. The ACT1 mRNA level decreased 
significantly with 100 μM pinocembrin only (Fig. 7B). However, the 
ALS1 mRNA level was not altered with any of the treatments (data not 
shown). 

4. Discussion 

The development of a C. albicans biofilm is associated with resistance 
to available antifungal drugs (Gulati and Nobile, 2016; Wall et al., 
2019). After biofilm formation, the susceptibility of C. albicans to 
amphotericin B, fluconazole, nystatin, and chlorhexidine has been 
observed to noticeable decrease (Chandra et al., 2001). This phenome
non was clearly observed in the study. The susceptibility of the 
C. albicans biofilm to amphotericin B decreased 4.6-fold when compared 
to the planktonic condition. These results confirm that the ability to 

Fig. 3. Effects of the B. rotunda extract on the biofilm development stage. Formation of the C. albicans biofilm in the absence (control) or presence of the extract at a 
concentration of 3.125–200 μg/mL. The biofilm morphology was photographed using a light microscope. The positive control was 1 μM amphotericin B. The scale 
bar represents 100 μm. 

Fig. 4. Concentration-dependent response during biofilm development stages on pinostrobin (A) and pinocembrin (B). The metabolic activity, represented by the 
C. albicans biofilm, was compared with the untreated control. Each value is presented as the mean � SEM (*p-value < 0.05, n ¼ 5–7). 
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form a biofilm could be a limitation of antifungal therapy. 
Recently, the extract of B. rotunda was reported to be a moderate 

anti-Candida species agent. At 10 mg/mL, the extract inhibited the 
growth of C. albicans, C. guilliermondii, C. parapsilosis, and C. tropicalis 
according to the disc diffusion assay (Rukayadi et al., 2008). The MIC 
and MFC of the B. rotunda extract for C. albicans were reported to be 2.5 
mg/mL and 5 mg/mL, respectively (Jitvaropas et al., 2012). Considering 
the antifungal effect on C. albicans in our study, the B. rotunda extract 
had no effect at concentrations of 3.125–200 μg/mL. This result was not 
totally unexpected because the test was performed at much lower con
centrations than those used in previous reports. In contrast, all stages of 
C. albicans biofilm formation, including adhesion, biofilm development, 
and mature biofilm, were significantly inhibited. These results suggest 
that the B. rotunda extract could inhibit biofilm formation of C. albicans 
without an effect on fungal growth. Therefore, the mechanism of action 
could be related to regulation of biofilm formation rather than inter
ruption of the structure of C. albicans. Unlike available antifungal drugs, 
it is important to find a selective biofilm inhibitor that lessens the chance 
of the development of drug resistance. 

As seen in Fig. 2B, the ability of C. albicans to adhere on the poly
styrene surface was significantly inhibited by the extract. Sroisiri and 
Boonyanit (2010) also demonstrated that a pre-treated acrylic strip with 
the extract of B. rotunda could decrease C. albicans adhesion. This 
observation indicated that the contributing factors might be due to 
interference with the charge of the surface, cell surface hydrophobicity, 
or adhesin proteins on the cell wall. 

The results suggest that the biofilm development and mature biofilm 
stages were dramatically inhibited by the extract in a concentration- 

Fig. 5. Effects of pinostrobin and pinocembrin on the biofilm development stage. C. albicans biofilm formation in the absence (control) or presence of the compounds 
at concentrations of 12.5, 50, and 200 μM. The biofilm morphology was photographed using a light microscope. The positive control was 1 μM amphotericin B. The 
scale bar represents 100 μm. 

Fig. 6. Effects of the B. rotunda extract, pinostrobin, and pinocembrin on the 
percentage of cell surface hydrophobicity. C. albicans biofilm formation in the 
absence (control) or presence of the treatments. For the planktonic stage, 
C. albicans was cultured without treatments at 37 �C for 24 h and agitated at 
120 rpm. Each value is presented as the mean � SEM (*p-value < 0.05, n 
¼ 3–5). 

J. Kanchanapiboon et al.                                                                                                                                                                                                                      



Journal of Ethnopharmacology 261 (2020) 113193

7

dependent manner. Although the extract could decimate the mainte
nance of the mature biofilm, it was shown to be more effective in the 
stage of biofilm development than in the mature biofilm stage. Biofilm 
development consists of cell proliferation and filamentation of the 
adhered cells (Gulati and Nobile, 2016). Light microscopy results sup
port the decrease in filamentous forms due to the B. rotunda extract 
(Fig. 3). This finding was similar to alizarin, a natural anthraquinone. It 
could not inhibit C. albicans under planktonic conditions, whereas bio
film formation and hyphal growth decreased through down-regulation 
of ALS3, HWP1, ECE1, and RBT1 genes (Manoharan et al., 2017). 

This study indicates that biofilm development of C. albicans de
creases significantly with the B. rotunda extract. Interestingly, C. albicans 
biofilm development was significantly inhibited by pinostrobin and 
pinocembrin according to metabolic activity and light microscopy 
evaluations (Figs. 4 and 5). Each of pinostrobin and pinocembrin, at the 
equal amount presented in the B. rotunda extract, affected biofilm 
development at approximately 50% inhibition when compared with the 
extract. This result showed that the inhibitory effect of the extract 
greater than that of each compound, indicating possible synergistic ef
fect. In addition, the filamentous forms were decreased with pinocem
brin rather than pinostrobin. The structure-activity relationship of two 
compounds and alizarin were proposed (Fig. 8). The six-member ring 
condensed with benzene, a ketone group at 4-position and a hydroxy 
group at 5-position of pinostrobin and pinocembrin, a ketone group at 9- 
position and a hydroxy group at 1-position of alizarin were responsible 
for anti-biofilm formation activity. The substitution of hydroxy group on 
benzene ring improved the activity (Manoharan et al., 2017). Moreover, 
the methylation of hydroxy group decreased the activity. A previous 
study reported that the hyphae of Penicillium italicum disappeared and 
collapsed after treatment for 24 h, and the cell membrane was disturbed 
by pinocembrin. These results could be due to respiratory inhibition and 
energy homeostasis interference of the pathogen (Peng et al., 2012). 
Pinocembrin could effectively decrease the biofilm of many bacteria, 

such as E. faecalis and S. mutans (Ong et al., 2017; Veloz et al., 2019). 
This study indicated that pinocembrin might be an active compound for 
eradicating biofilm formation. Minor compounds in the B. rotunda 
extract might also affect the testing activity; therefore, further investi
gation should be pursued to achieve additional understanding on its 
property and mechanism. 

Cell surface hydrophobicity contributes to biofilm formation and 
dispersion of C. albicans (Bujd�akov�a et al., 2013). The B. rotunda extract 
and pinocembrin decreased the cell surface hydrophobicity of C. albicans 
when compared to the untreated biofilm. Similar to the study, a lectin 
from Helianthus annuus decreased the cell surface hydrophobicity of 
C. albicans and inhibited biofilm formation, the morphological transi
tion, and cell viability (Rio et al., 2019). The alteration in hydropho
bicity might depend on protein expression, such as expression of ALS3 
and CSH1, on the cell surface (Bujd�akov�a et al., 2013; Zhao et al., 2006). 

The ALS family plays an important role in the interaction between 
pathogen and host cells. Today, the ALS gene family of C. albicans is 
classified into 9 types (Hoyer et al., 2008). It has been reported that 
alterations in ALS1 and ALS3 genes have an influence on biofilm for
mation (Chandra et al., 2001; O’Connor et al., 2005; Zhao et al., 2006). 
However, the ALS1 mRNA level was not changed in our experiments; 
therefore, it might not be a target for the B. rotunda extract and two 
major constituents. For the ALS3 mRNA level, it was significantly 
decreased by 12.5 μg/mL of the extract, 100 μM of pinostrobin, and 100 
μM of pinocembrin. Therefore, our finding indicated that the B. rotunda 
extract inhibited the biofilm formation of C. albicans via pinostrobin and 
pinocembrin by down-regulating the ALS3 mRNA. In a previous study, 
alizarin inhibited biofilm formation and confined the transition from 
yeast to the filamentous form. It decreased ALS3 mRNA but increased 
ALS1 mRNA, proving that these two types of genes possess distinct roles 
(Manoharan et al., 2017). ALS3 also contributed to invasion of the 
pathogen. It was demonstrated that ALS3 binds to cadherin on the host 
cells and induces endocytosis in the cells. The likelihood of endocytosis 
was lowered in the deleted als3/als3 mutation (Phan et al., 2007). These 
observations provide a possible explanation for the decreased invasion 
of C. albicans in epithelial and endothelial cells with the B. rotunda 
extract and the two major compounds. Unexpectedly, the ACT1 
gene-encoding actin protein, a common housekeeping gene for 
C. albicans (Nailis et al., 2006), was significantly down-regulated by 
pinocembrin (Fig. 7B). Alteration in the actin level might be another 
contributing factor because hyphal-inducing signals in C. albicans were 
involved in complexation of adenylyl cyclase Cyr1, cyclase-associated 
protein Cap1, and actin. In the presence of cellular actin, the adenylyl 
cyclase could be fully activated to generate cAMP, resulting in protein 

Fig. 7. Effects of the B. rotunda extract, pinostrobin, and pinocembrin on the levels of ALS3 mRNA (A) and ACT1 mRNA (B). C. albicans biofilm formation in the 
absence (control) or presence of the treatments. Fold changes represent the alteration in mRNA level compared to the control. Each value is presented as the mean �
SEM (*p-value < 0.05, n ¼ 3–4). 

Fig. 8. Chemical structures of pinostrobin, pinocembrin, and alizarin.  
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kinase A activation and hyphal-specific gene transcription (Zou et al., 
2010). Therefore, the hyphal transition of C. albicans with pinocembrin 
treatment might be regulated by a reduction in the ACT1 gene. However, 
this still needs to be investigated further. 

5. Conclusion 

Biofilm formation is a virulence factor of C. albicans, which is an 
opportunistic fungal pathogen. In this study, B. rotunda exhibited an 
anti-biofilm formation effect on C. albicans. Pinostrobin and pinocem
brin, which are major constituents of the extract, noticeably inhibited 
the biofilm development stage. The extract and pinocembrin decreased 
the cell surface hydrophobicity and the level of ALS3 mRNA. Therefore, 
the B. rotunda extract inhibited biofilm formation of C. albicans by 
reducing cell surface hydrophobicity and ALS3 mRNA expression. 
Pinocembrin had a stronger effect on ALS3 mRNA expression than 
pinostrobin. Only pinocembrin significantly decreased the ACT1 mRNA 
expression. 

Author contributions 

Jamras Kanchanapiboon designed research studies, participated in 
all experiments, analyzed data and drafted the manuscript. Ubonphan 
Kongsa and Sunisa Kamponchaidet performed microdilution assay and 
anti-biofilm formation assay. Duangpen Pattamadilok prepared the 
extract and revised drafts of the manuscript. Detmontree Wachisunthon 
performed the UPLC analysis. Subhadhcha Poonsatha revised drafts of 
the manuscript and performed cell surface hydrophobicity assay and RT- 
qPCR together with Sasiwan Tuntoaw. 

Declaration of competing interest 

We wish to confirm that there are no known conflict of interest 
associated with this publication and there has been no significant 
financial support for this work that could have influenced its outcome. 

Acknowledgments 

The authors would like to thank Mr. Sakwichai Ontong for authen
ticating the plant material. The authors would also like to acknowledge 
the financial supported from the Department of Medical Sciences, 
Ministry of Public Health, Thailand. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jep.2020.113193. 

References 

Ali, R.M., Samah, Z.A., Mustapha, N.M., Hussein, N., 2010. ASEAN Herbal and Medicinal 
Plants. ASEAN Secretariat, Jakarta.  

ASEAN Countries, 1993. Standard of ASEAN Herbal Medicine. ASEAN Countries, 
Jakarta.  

Bujd�akov�a, H., Didi�a�sov�a, M., Drahovsk�a, H., �Cern�akov�a, L., 2013. Role of cell surface 
hydrophobicity in Candida albicans biofilm. Cent. Eur. J. Biol. 8, 259–262. https:// 
doi.org/10.2478/s11535-013-0136-y. 

Bunyapraphatsara, N., Chansrakaew, W., Chayamarit, K., Chokechaijaroenporn, O., 
Chuokul, W., Jirakulchaiwong, S., Maneechot, K., Phuphathanaphong, L., 
Srisukh, V., Suppakun, N., Suvitayavat, W., Tengrungsun, S., Thirawarapan, S., 
Vinitchaikul, S., 1992. Thai Medicinal Plants Recommended for Primary Health Care 
System. Medicinal Plant Information Center, Bangkok.  

Chahyadi, A., Hartatia, R., Wirasutisnaa, K.R., Elfahmi, (no initials), 2014. Boesenbergia 
pandurata Roxb., an Indonesian medicinal plant: phytochemistry, biological activity, 
plant biotechnology. Procedia Chem. 13, 13–37. https://doi.org/10.1016/j. 
proche.2014.12.003. 

Chandra, J., Kuhn, D.M., Mukherjee, P.K., Hoyer, L.L., McCormick, T., Ghannoum, M.A., 
2001. Biofilm formation by the fungal pathogen Candida albicans: development, 
architecture, and drug resistance. J. Bacteriol. 183, 5385–5394. https://doi.org/ 
10.1128/JB.183.18.5385-5394.2001. 

Christena, L.R., Subramaniam, S., Vidhyalakshmi, M., Mahadevan, V., 
Sivasubramanian, A., Nagarajan, S., 2015. Dual role of pinostrobin-a flavonoid 
nutraceutical as an efflux pump inhibitor and antibiofilm agent to mitigate food 
borne pathogens. RSC Adv. 5, 61881–61887. https://doi.org/10.1039/ 
C5RA07165H. 

Eng-Chong, T., Yean-Kee, L., Chin-Fei, C., Choon-Han, H., Sher-Ming, W., Li-Ping, C.T., 
Gen-Teck, F., Khalid, N., Abd Rahman, N., Karsani, S.A., Othman, S., Othman, R., 
Yusof, R., 2012. Boesenbergia rotunda: from ethnomedicine to drug discovery. Evid. 
Based Complement. Alternat. Med. 25 https://doi.org/10.1155/2012/473637, 
2012.  

Falsetta, M.L., Klein, M.I., Colonne, P.M., Scott-Anne, K., Gregoire, S., Pai, C.-H., 
Gonzalez-Begne, M., Watson, G., Krysan, D.J., Bowen, W.H., Koo, H., 2014. 
Symbiotic relationship between Streptococcus mutans and Candida albicans synergizes 
virulence of plaque biofilm in vivo. Infect. Immun. 82, 1968–1981. https://doi.org/ 
10.1128/IAI.00087-14. 

Grela, E., Kozłowska, J., Grabowiecka, A., 2018. Current methodology of MTT assay in 
bacteria – a review. Acta Histochem. 120, 303–311. https://doi.org/10.1016/j. 
acthis.2018.03.007. 

Gulati, M., Nobile, C.J., 2016. Candida albicans biofilms: development, regulation, and 
molecular mechanisms. Microb. Infect. 18, 310–321. https://doi.org/10.1016/j. 
micinf.2016.01.002. 

Hoyer, L.L., Green, C.B., Oh, S.-H., Zhao, X., 2008. Discovering the secrets of the Candida 
albicans agglutinin-like sequence (ALS) gene family - a sticky pursuit. Med. Mycol. 
46, 1–15. https://doi.org/10.1080/13693780701435317. 

Jitvaropas, R., Saenthaweesuk, S., Somparn, N., Thuppia, A., Sireeratawong, S., 
Phoolcharoen, W., 2012. Antioxidant, antimicrobial and wound healing activities of 
Bosenbergia rotunda. Nat. Prod. Commun. 7, 909–912. https://doi.org/10.1177/ 
1934578X1200700727. 

Kaur, R., Dhakad, M.S., Goyal, R., Bhalla, P., Dewan, R., 2016. Spectrum of opportunistic 
fungal infections in HIV/AIDS patients in tertiary care hospital in India. Can. J. Infect 
Dis. Med. Microbiol. 2016, 2373424. https://doi.org/10.1155/2016/2373424. 

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene expression data using real- 
time quantitative PCR and the 2-ΔΔCt method. Methods 25, 402–408. 

Manoharan, R.K., Lee, J.-H., Kim, Y.-G., Lee, J., 2017. Alizarin and chrysazin inhibit 
biofilm and hyphal formation by Candida albicans. Front. Cell. Infect. Microbiol. 7, 
447. https://doi.org/10.3389/fcimb.2017.00447. 

Mayer, F.L., Wilson, D., Hube, B., 2013. Candida albicans pathogenicity mechanisms. 
Virulence 4, 119–128. https://doi.org/10.4161/viru.22913. 

Melo, A.P.V.d., Zuza-Alves, D.L., Silva-Rocha, W.P.d., Souza, L.B.F.C.d., Francisco, E.C., 
Melo, A.S.d.A., Chaves, G.M., 2019. Virulence factors of Candida spp. obtained from 
blood cultures of patients with candidemia attended at tertiary hospitals in Northest 
Brazil. J. Mycol. Med. 29, 132–139. https://doi.org/10.1016/j. 
mycmed.2019.02.002. 

Murciano, C., Moyes, D.L., Runglall, M., Tobouti, P., Islam, A., Hoyer, L.L., Naglik, J.R., 
2012. Evaluation of the role of Candida albicans agglutinin-like sequence (Als) 
proteins in human oral epithelial cell interactions. PLoS One 7, e33362. https://doi. 
org/10.1371/journal.pone.0033362. 

Nailis, H., Coenye, T., Nieuwerburgh, F.V., Deforce, D., Nelis, H.J., 2006. Development 
and evaluation of different normalization strategies for gene expression studies in 
Candida albicans biofilms by real-time PCR. BMC Mol. Biol. 7, 25. https://doi.org/ 
10.1186/1471-2199-7-25. 

O’Connor, L., Lahiff, S., Casey, F., Glennon, M., Cormican, M., Maher, M., 2005. 
Quantification of ALS1 gene expression in Candida albicans biofilms by RT-PCR using 
hybridisation probes on the LightCycler. Mol. Cell. Probes 19, 153–162. https://doi. 
org/10.1016/j.mcp.2004.10.007. 

Ong, T.H., Chitra, E., Ramamurthy, S., Siddalingam, R.P., Yuen, K.H., Ambu, S.P., 
Davamani, F., 2017. Chitosan-propolis nanoparticle formulation demonstrates anti- 
bacterial activity against Enterococcus faecalis biofilms. PLoS One 12, e0174888. 
https://doi.org/10.1371/journal.pone.0174888. 

Peng, L., Yang, S., Cheng, Y.J., Chen, F., Pan, S., Fan, G., 2012. Antifungal activity and 
action mode of pinocembrin from propolis against Penicillium italicum. Food Sci. 
Biotechnol. 21, 1533–1539. https://doi.org/10.1007/s10068-012-0204-0. 

Phan, Q.T., Myers, C.L., Fu, Y., Sheppard, D.C., Yeaman, M.R., Welch, W.H., Ibrahim, A. 
S., Edwards, J.E., Filler, S.G., 2007. Als3 is a Candida albicans invasin that binds to 
cadherins and induces endocytosis by host cells. PLoS Biol. 5, e64. https://doi.org/ 
10.1371/journal.pbio.0050064. 

Phongpaichit, S., Subhadhirasakul, S., Wattanapiromsakul, C., 2005. Antifungal 
activities of extracts from Thai medicinal plants against opportunistic fungal 
pathogens associated with AIDS patients. Mycoses 48, 333–338. https://doi.org/ 
10.1111/j.1439-0507.2005.01142.x. 

Ramirez, J., Cartuche, L., Morocho, V., Aguilar, S., Malagon, O., 2013. Antifungal 
activity of raw extract and flavanons isolated from Piper ecuadorense from Ecuador. 
Rev. Bras. Farmacogn. 23, 370–373. https://doi.org/10.1590/S0102- 
695X2013005000012. 

Rio, M.D., Canal, L.d.l., Pinedo, M., Mora-Montes, H.M., Regente, M., 2019. Effects of the 
binding of a Helianthus annuus lectin to Candida albicans cell wall on biofilm 
development and adhesion to host cells. Phytomedicine 58, 152875. https://doi.org/ 
10.1016/j.phymed.2019.152875. 

Rodriguez-Tudela, J.L., Arendrup, M.C., Barchiesi, F., Bille, J., Chryssanthou, E., Cuenca- 
Estrella, M., Dannaoui, E., Denning, D.W., Donnelly, J.P., Dromer, F., Fegeler, W., 
Lass-Fl€orl, C., Moore, C., Richardson, M., Sandven, P., Velegraki, A., Verweij, P., 
2008. EUCAST Definitive Document EDef 7.1: method for the determination of broth 
dilution MICs of antifungal agents for fermentative yeasts. Clin. Microbiol. Infect. 14, 
398–405. https://doi.org/10.1111/j.1469-0691.2007.01935.x. 

Rosenberg, M., 1984. Bacterial adherence to hydrocarbons: a useful technique for 
studying cell surface hydrophobicity. FEMS Microbiol. Lett. 22, 289–295. 

J. Kanchanapiboon et al.                                                                                                                                                                                                                      

https://doi.org/10.1016/j.jep.2020.113193
https://doi.org/10.1016/j.jep.2020.113193
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref1
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref1
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref7
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref7
https://doi.org/10.2478/s11535-013-0136-y
https://doi.org/10.2478/s11535-013-0136-y
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref3
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref3
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref3
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref3
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref3
https://doi.org/10.1016/j.proche.2014.12.003
https://doi.org/10.1016/j.proche.2014.12.003
https://doi.org/10.1128/JB.183.18.5385-5394.2001
https://doi.org/10.1128/JB.183.18.5385-5394.2001
https://doi.org/10.1039/C5RA07165H
https://doi.org/10.1039/C5RA07165H
https://doi.org/10.1155/2012/473637
https://doi.org/10.1128/IAI.00087-14
https://doi.org/10.1128/IAI.00087-14
https://doi.org/10.1016/j.acthis.2018.03.007
https://doi.org/10.1016/j.acthis.2018.03.007
https://doi.org/10.1016/j.micinf.2016.01.002
https://doi.org/10.1016/j.micinf.2016.01.002
https://doi.org/10.1080/13693780701435317
https://doi.org/10.1177/1934578X1200700727
https://doi.org/10.1177/1934578X1200700727
https://doi.org/10.1155/2016/2373424
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref15
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref15
https://doi.org/10.3389/fcimb.2017.00447
https://doi.org/10.4161/viru.22913
https://doi.org/10.1016/j.mycmed.2019.02.002
https://doi.org/10.1016/j.mycmed.2019.02.002
https://doi.org/10.1371/journal.pone.0033362
https://doi.org/10.1371/journal.pone.0033362
https://doi.org/10.1186/1471-2199-7-25
https://doi.org/10.1186/1471-2199-7-25
https://doi.org/10.1016/j.mcp.2004.10.007
https://doi.org/10.1016/j.mcp.2004.10.007
https://doi.org/10.1371/journal.pone.0174888
https://doi.org/10.1007/s10068-012-0204-0
https://doi.org/10.1371/journal.pbio.0050064
https://doi.org/10.1371/journal.pbio.0050064
https://doi.org/10.1111/j.1439-0507.2005.01142.x
https://doi.org/10.1111/j.1439-0507.2005.01142.x
https://doi.org/10.1590/S0102-695X2013005000012
https://doi.org/10.1590/S0102-695X2013005000012
https://doi.org/10.1016/j.phymed.2019.152875
https://doi.org/10.1016/j.phymed.2019.152875
https://doi.org/10.1111/j.1469-0691.2007.01935.x
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref29
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref29


Journal of Ethnopharmacology 261 (2020) 113193

9

Rukayadi, Y., Shim, J.-S., Hwang, J.-K., 2008. Screening of Thai medicinal plants for 
anticandidal activity. Mycoses 51, 308–312. https://doi.org/10.1111/j.1439- 
0507.2008.01497.x. 

Smitinand, T., 2014. Thai Plant Names. Bangkok Forest Herbarium and Department of 
National Parks, Wildlife and Plant Conservation, Bangkok.  

Sroisiri, T., Boonyanit, T., 2010. Inhibition of candida adhesion to denture acrylic by 
Boesenbergia pandurata. Asian Pac. J. Trop. Med. 3, 272–275. https://doi.org/ 
10.1016/S1995-7645(10)60066-1. 

Tan, B.C., Tan, S.K., Wong, S.M., Ata, N., Rahman, N.A., Khalid, N., 2015. Distribution of 
flavonoids and cyclohexenyl chalcone derivatives in conventional propagated and in 
vitro-derived field-grown Boesenbergia rotunda (L.) Mansf. Evid. Based Complement. 
Alternat. Med. 2015, 451870. https://doi.org/10.1155/2015/451870. 

Taweechaisupapong, S., Singhara, S., Lertsatitthanakorn, P., Khunkitti, W., 2010. 
Antimicrobial effects of Boesenbergia pandurata and Piper sarmentosum leaf extracts 
on planktonic cells and biofilm of oral pathogens. Pak. J. Pharm. Sci. 23, 224–231. 

Veloz, J.J., Alvear, M., Salazar, L.A., 2019. Antimicrobial and antibiofilm activity against 
Streptococcus mutans of individual and mixtures of the main polyphenolic compounds 
found in Chilean propolis. BioMed Res. Int. 2019, 7602343. https://doi.org/ 
10.1155/2019/7602343. 

Wall, G., Montelongo-Jauregui, D., Bonifacio, B.V., Lopez-Ribot, J.L., Uppuluri, P., 2019. 
Candida albicans biofilm growth and dispersal: contributions to pathogenesis. Curr. 
Opin. Microbiol. 52, 1–6. https://doi.org/10.1016/j.mib.2019.04.001. 

Wangkangwan, W., Boonkerd, S., Chavasiri, W., Sukapirom, K., Pattanapanyasat, K., 
Kongkathip, N., Miyakawa, T., Yompakdee, C., 2009. Pinostrobin from Boesenbergia 
pandurata is an inhibitor of Ca2þ-signal-mediated cell-cycle regulation in the yeast 
Saccharomyces cerevisiae. Biosci. Biotechnol. Biochem. 73, 1679–1682. https://doi. 
org/10.1271/bbb.90114. 

Wiwanitkit, V., 2020. Ethnomedicine and ethnopharmacology for dental diseases in 
Indochina. In: Chauhan, D.N., Singh, P.R., Shah, K., Chauhan, N.S. (Eds.), Natural 
Oral Care in Dental Therapy. Scrivener Publishing LLC, Massachusetts, pp. 393–406. 

Yan, Y., Tan, F., Miao, H., Wang, H., Cao, Y.Y., 2019. Effect of shikonin against Candida 
albicans biofilms. Front. Microbiol. 10, 1085. https://doi.org/10.3389/ 
fmicb.2019.01085. 

Zhao, X., Daniels, K.J., Oh, S.-H., Green, C.B., Yeater, K.M., Soll, D.R., Hoyer, L.L., 2006. 
Candida albicans Als3p is required for wild-type biofilm formation on silicone 
elastomer surfaces. Microbiology 152, 2287–2299. https://doi.org/10.1099/ 
mic.0.28959-0. 

Zou, H., Fang, H.-M., Zhu, Y., Wang, Y., 2010. Candida albicans Cyr1, Cap1 and G-actin 
form a sensor/effector apparatus for activating cAMP synthesis in hyphal growth. 
Mol. Microbiol. 75, 579–591. https://doi.org/10.1111/j.1365-2958.2009.06980.x. 

J. Kanchanapiboon et al.                                                                                                                                                                                                                      

https://doi.org/10.1111/j.1439-0507.2008.01497.x
https://doi.org/10.1111/j.1439-0507.2008.01497.x
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref31
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref31
https://doi.org/10.1016/S1995-7645(10)60066-1
https://doi.org/10.1016/S1995-7645(10)60066-1
https://doi.org/10.1155/2015/451870
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref34
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref34
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref34
https://doi.org/10.1155/2019/7602343
https://doi.org/10.1155/2019/7602343
https://doi.org/10.1016/j.mib.2019.04.001
https://doi.org/10.1271/bbb.90114
https://doi.org/10.1271/bbb.90114
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref38
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref38
http://refhub.elsevier.com/S0378-8741(20)33075-0/sref38
https://doi.org/10.3389/fmicb.2019.01085
https://doi.org/10.3389/fmicb.2019.01085
https://doi.org/10.1099/mic.0.28959-0
https://doi.org/10.1099/mic.0.28959-0
https://doi.org/10.1111/j.1365-2958.2009.06980.x

	Boesenbergia rotunda extract inhibits Candida albicans biofilm formation by pinostrobin and pinocembrin
	1 Introduction
	2 Materials and methods
	2.1 Plant material and preparation of the extract
	2.2 Chemical analysis of the B. rotunda extract
	2.3 Microdilution assay: effect of the B. rotunda extract on C. albicans planktonic growth
	2.4 Anti-biofilm formation assay
	2.5 Biofilm analysis by optical microscopy
	2.6 Cell surface hydrophobicity assay
	2.7 Reverse transcription and quantitative polymerase chain reaction (RT-qPCR)
	2.8 Statistical analysis

	3 Results
	3.1 Chemical analysis of the B. rotunda extract
	3.2 Microdilution assay: effect of the B. rotunda extract on C. albicans planktonic growth
	3.3 Anti-biofilm formation assay
	3.3.1 Effect of the B. rotunda extract on C. albicans biofilm formation
	3.3.2 Effect of pinostrobin and pinocembrin on the biofilm development of C. albicans

	3.4 Cell surface hydrophobicity assay
	3.5 RT-qPCR: effect on ALS1, ALS3, and ACT1 gene expression

	4 Discussion
	5 Conclusion
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


