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ABSTRACT 

Microbial infection is one of leading fatal factors among patients worldwide and the 

need for new generations of anti-infective agents to overcome the drug resistant urgently 

needs to be tackled. Plant natural products are promising sources of novel antimicrobial 

compounds. In this thesis, an investigation into the antimicrobial lead compounds from 

Michelia figo, Macleaya cordata and Ardisia gigantifolia is presented. Extracts of these 

medicinal plants were evaluated for their antimicrobial activities including antibiofilm, 

antitubercular and anti-fungal activity.  

The prevention of dental diseases is targeted at the control of dental plaque. Dental 

plaque is the organized microbial community formed on a tooth surface as a biofilm. 

Streptococcus mutans and S. sobrinus are the leading microorganism species that cause 

dental plaque. One of the aims in this study is to discover novel antibiofilm natural 

products against S. mutans and S. sobrinus. Extracts of the M. figo displayed the 

antimicrobial activities in our assays. Bioassay-guided fractionation of the extract 

revealed the presence of five compouds, including artabotryside B and acteoside which 

were isolated for the first time from M. figo. Though the fractions showed the inhibitory 

effects of biofilm formation, these five compounds did not display antibiofilm effects. 

Moreover, chelerythrine and sanguinarine, the two alkaloids isolated from M. cordata 

showed effectiveness against biofilm formation of S. mutans and S. sobrinus. 

Chelerythrine and sanguinarine displayed strong abilities to prevent the formation of 

biofilms of S. mutans at MIC50s of 17.7 and 18.5 μM, respectively. In the prevention of 

biofilms of S. sobrinus, sanguinarine showed stronger inhibitory effect than chelerythrine 
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with MIC50s of 18.6 and 34.0 μM. These results highlight the promising antimicrobial 

activity of these two alkaloids and suggest avenues for future translational research on the 

treatment of dental diseases. 

Antitubercular (anti-TB) bioassay-guided isolation of the CHCl3 extract of the 

leaves and stems of the medicinal plant Ardisia gigantifolia led to the isolation of two 

anti-TB 5-alkylresorcinols, 5-(8Z-heptadecenyl) resorcinol (1) and 5-(8Z-pentadecenyl) 

resorcinol (2). We further synthesized 15 derivatives based on these two natural products. 

All these compounds and derivatives were evaluated for their anti-TB activity against M. 

tuberculosis H37RV in vitro. Resorcinols 1 and 2 exhibited anti-TB activity with MIC 

values at 34.4 μM and 79.2 μM in MABA assay, respectively, and 91.7 μM and 168.3 μM 

in LORA assay, respectively. Among these derivatives, compound 8 was found to show 

improved anti-TB activity than its synthetic precursor (2) with MIC values at 42.0 μM in 

MABA assay and 100.2 μM in LORA assay. The active compounds should be regarded as 

new hits for further study as a novel class of anti-TB agents. The distinct 

structure–activity correlations of the parent compound were elucidated based on these 

derivatives. 

M. cordata is an attractive resource for discovery of antimicrobial lead compounds 

with its wide range of bioactivities. Chelerythrine and sanguinarine are the representative 

and the major active constituents of M. cordata. Our study has determined the antifungal 

activity of chelerythrine and sanguinarine against Trichophyton rubrum which can cause 

dermatophytosis. Both chelerythrine and sanguinarine showed significant fungicidal 

effects in vitro, with median minimum inhibitory concentration (MIC50) values at 2.84 

and 2.26 μM, respectively. Mechanism study for the antifungal efficacy showed that 
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chelerythrine and sanguinarine were potent inhibitors of ergosterol biosynthesis by 

reducing the amount of ergosterol without affecting the level of 1,3-β-glucan. The in vivo 

therapeutic efficacies of chelerythrine and sanguinarine were evaluated in guinea pig 

model of dermatophytosis. General observations in inoculation sites: no visible lesions, 

erythema and scabs were found in the animals treated with chelerythrine or sanguinarine. 

The pathological section of the skin biopsies also showed that both of them could reduce 

the severity of acanthosis, hyperkeratosis, spongiosis and dermal edema compared with 

the negative control group. Due to their outstanding activities, chelerythrine and 

sanguinarine are expected to serve as the lead compounds for the development of the next 

generation of antifungal drugs. 

In addition, this thesis provides background information on natural product research 

and current antimicrobial investigations of the medicinal plants in Lingnan region. The 

potential of the medicinal plants in Lingnan region as sources of structurally novel and 

bioactive metabolites is demonstrated.   

Keywords: Medicinal plants of Lingnan region, infectious diseases, dental biofilm, 

mycobacterium tuberculosis, Trichophyton rubrum, athlete’s foot disease, chelerythrine, 

sanguinarine, resorcinals. 
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CHAPTER 1 

 

INTRODUCTION 

PART 1 

 

A LITERATURE REVIEW OF ANTIBIOFILM AND 

ANTIBACTERIAL PRODUCTS AGAINST THE INFECTIOUS 

DISEASES 
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Abstract 

Biofilm is a microbial community of microorganisms that attached to a surface and 

enclosed in an extracellular polymeric matrix. Formation of these sessile communities 

and their inherent resistance to antimicrobial agents are the main reasons of many 

persistent and chronic infections. Natural products, including medicinal plant extracts and 

phytochemicals, as antibiofilm agents are widely discussed in recent years. Considering 

the vast diversity in the chemical structures of phytochemicals and their known 

antibiofilm activities, this paper gives a review on the plant extracts and phytochemicals 

with antibiofilm capability, which is hopefully provide the information for the further 

study in future. 
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1. Introduction 

Microbial infection is one of the leading causes of death in human. Major factors of 

the burden of infectious diseases include bacterium and fungi infections, as well as an 

increase in antibiotic resistance in the microbial community. Biofilm is a microbial 

community of microorganisms that is irreversibly adhered to a surface and enclosed in 

extracellular polymeric substances [1]. It is mainly composed of multitudinous 

microorganisms and complex matrixes of polysaccharides, proteins, lipids and other 

biochemical or chemical materials [2-4]. In addition, the microbes in the biofilm can 

quickly permeate a wide variety of environmental places, including the human body [1, 

5]. A recent survey conducted by the National Institutes of Health (NIH) indicated that 

about 80% of human soft- and hard-tissue infections are caused by pathogenic biofilms 

[6]. In an effort to find effective agents for the prevention and control of biofilms, many 

researchers have started testing and evaluating various natural products from a large 

number of plants or animals [7-9]. Most of the natural products are secondary metabolites 

produced by the organism as a protective response to external stress [10-11].  

In the living environment, secondary metabolites have a significant effect in plant 

defense against herbivory, interspecific interactions, plant-insect interaction or infections 

[12-13]. There is a long history that plant secondary metabolites could be widely used as 

medicines, flavorings, and cosmetics in human society. About 47% new drugs have been 

originated from natural sources, generating a wide variety of chemicals and extracts with 

strong antimicrobial activities [14]. Despite considerable potential in antimicrobial drug 

development, a limited set of these natural compounds and their derivatives could have 

antibiofilm activity with independent microbicide actions. In this review, we summarize 
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the natural products, including various phytochemicals, decoctions, plant fractions and 

extracts that have shown potential antibiofilm activity. These compounds or extracts may 

serve as effective therapeutic agents to improve the anti-infective efficiency against the 

biofilm associated infections. The increasing microbial resistance derived from biofilms 

offers immense opportunities to develop new anti-microbial or antibiofilm molecules 

from natural products [15]. 

 

2. Biofilm Formation 

There were numerous studies in vitro to describe the process of biofilm formation. 

There is a strong evidence that a typical biofilm lifecycle includes attachment, maturation 

and detachment [16]. At first, bacteria will readily attach to both biotic and abiotic 

surfaces including the human body. Then the cell clusters grow bigger through cell 

division as long as sufficient nutrients are presented. But when the nutrient and space 

were limited, they may detach from the surface and return to the planktonic state. This 

review will describe the biofilm formation in the three stages of the developing: 

attachment, maturation and detachment (Figure 1.1).  
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Figure 1.1 Schematic diagram of biofilm formation. 

2.1. Attachment 

Aquatic environments are optimal conditions for the microbe attachment [17]. Once 

on the solid-liquid surface, microbial adherence is mediated by adhesin-receptor 

interactions [18]. Physical forces associated to bacterial adhesion include the covalent 

bonds, Van der Wals forces (VDW), electrostatic forces and acid-base interactions [19]. 

Thus, this initial adhesion is weak and reversible, wherein microbes may easily detach 

and return to planktonic growth if disrupted by hydraulic forces, physical repulsive forces 

of the electrical double layer [20], or in response to nutrient availability [21]. 

2.2. Maturation 

The initial attachments among bacteria are often mediated by extracellular 

appendages, such as type IV pili and flagella [22]. After attachment to a surface, a 

subsequent maturation comprises the adhesive process with microbial multiplication and 

the disruptive process that form water channels to exhibit a complex three-dimensional 

architectures [16]. Based on this complex biofilm formation, two characteristics are 
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strongly correlated with biofilm bacteria: the increased production of EPS and the 

development of antibiotic resistance [16]. At this point, the microbes  can create a 

microenvironment protective against various antibiotics,  and the antibiotic resistance of 

biofilm bacteria can be up to 1,000 times the same planktobacteria [23]. The composition 

of EPS matrix is highly complex, dynamic and primarily consisting of a polysaccharide 

biopolymer along with other constituents such as proteins, nucleic acids, lipids and 

phospholipids. The EPS matrix constructs the intercellular space of microbial 

communities and forms the structure of the biofilm [24]. The architecture in biofilm 

matrix varies greatly depending on the bacterial species and even on the environment and 

the conditions under which biofilms form [25].  

In the society of biofilm, bacteria communicate with one another using small 

molecules, called quorum sensing (QS) [26]. QS has been intimately associated with 

biofilm formation with the release of small molecules called autoinducers (AI) or 

pheromones into the surrounding environment. The AI do not reach a threshold 

concentration to induce gene expression when low numbers of bacteria are present. The 

induction or repression of quorum sensing-dependent genes requires that the bacteria 

secreting the AI be in sufficient numbers for the AI concentration to reach a critical 

threshold [27].  

As stated above, AI are extracellular factors that are transported out of cell into their 

environment. The chemical compositions of AI vary between microoganism species, 

however, there are general relevance among taxonomically related genera. In general, 

The signaling molecules can be divided into three paradigmatic classes: oligopeptides in 

Gram-positive bacteria, acyl-homoserine lactones (AHL) in Gram-negative bacteria, and 
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a novel signal molecule named autoinducer-2 (AI-2) which serves as universal signals for 

both Gram strains [28-29]. AI can regulate the gene expression in the strains. For 

example, upon entering the cell, the AHL binds to the transcriptional activator at the 

N-termini and AHL binding causes conformational changes to expose an oligerimization 

and DNA binding domain in the C termini [30].  

2.3. Detachment 

After the initial formation of microcolonies by proliferation of sessile cells, 

planktonic cells have a strong tendency to colonize the entire surface, and formed flat, 

smooth, uniform biofilms [31]. Various factors are responsible for the detachment of 

biofilm, including physical, environmental and extracellular secretion. In general, the 

manner of biofilm detachment could be divided into the active and passive types. Active 

cell dispersion is initiated by the microbes themselves, whereas passive detachment 

which is mediated by external forces [32]. The two type of biofilm dispersal mechanism 

comprises the detachment of cells from bacterial biofilms through three processes, 

erosion, sloughing and seeding in the new environment. Erosion refers to the 

continuously release of single microbes or small microbial clusters from the upper layers 

of a biofilm which occurs by some sort of nutrient limitation. Sloughing is the rapid and 

massive loss from a biofilm, which may be occurring at the same time as erosion, 

regularly in the late stage of biofilm formation [33]. Seeding, also known as swarming, is 

the rapid release of massive single microbes or clusters from the inside of biofilm colony. 

The degradation of the construction material of biofilm matrix, exopolymer, is considered 

to have important contribution in the process of sloughing and seeding [34].  

3. Antibiofilm methods of study 
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There has been very limited progress in the development of antibiofilm screening 

methods that can be used to assess the effectiveness of tested agents against various 

biofilms [35]. The traditional in vitro models used in antibiofilm study includes, static and 

flow. And all of these approaches are derived from a turbidity measurement technique for 

monitoring microbial growth after treatment of the tested agents. However, neither of 

them could independently measure the biomass or removal of biofilm. This review 

presents an overview of the available methods that used some dye to measure the active 

microbial metabolites which survived disinfection. 

There was a great difference of antibiotic resistance between the planktonic bacteria 

and biofilms. Currently available methods for quantifying bacterial killing that use 

planktonic bacterial culture, cannot be well used in biofilm applications. Rapid and 

repeatable methods based on biofilm formation are needed to identify compounds 

effective against biofilm formation. Such new methods would be a claim for discoveries 

of antibiofilm agents. We firstly summarized some high throughput screening methods 

that based on the biofilms which were stained with various dyes and growing in 

microtiter plates. 

The 96 well-plate quantitative assay serves as the most commonly used screening 

techniques for evaluating biofilm formation using various microbes and stains [36-37]. 

One of the common stains that have been extensively used is crystal violet (CV) as the 

indicator of total attached biofilm biomass. CV staining could measure the total biomass, 

but not the viable biomass. Thus, CV was considered to be a compatible dye to monitor 

removal of biofilm [38]. 

Crystal violet was widely used to investigate the microbial biofilms. The method 
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was initially developed by using test tubes, and it was later optimized to use 96-well 

plates [39-40]. This is a very simple method and it is all base on the available, cheap, 

stable staining reagents and it is done manually with an absorbance reading. Briefly, 

biofilms of strains were grown in various types of microtiter plates, following the 

treatment of agents to be tested, and then stained with biofilm indicators, for instance CV 

solution. Based on this high-throughput screening technology, active compounds for 

treating biofilm infections and their dose-response relationship could be successfully 

investigated [38].  

The main disadvantage of this approach is that it only quantifies the total biofilm 

biomass, but failing to measure viability of biomass [38, 41]. To overcome this problem, 

with the use of viability markers such as resazurin, drug screening assays can be 

efficiently performed on different strains. The resazurin-based assay offers a simple, rapid, 

non-laborious and sensitive measurement for the viability of microbes. Living bacteria 

had a metabolism which could convert resazurin into a final fluorescent product named as 

resorufin. The application of the resazurin metabolism assay was widely used for the 

evaluation of compounds on biofilms [42]. Resazurin-based technique proved to be a fast 

and reproducible method for quantifying the viability of biomass. 

Some other viability probes have been used to determine biofilm viability in general: 

2, 3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2h-tetrazolium-5-carboxanilide (XTT), 

fluorescein diacetate (FDA) and fluorogenic dye SYTO 9 (LIVE/DEAD). The system 

demonstrated accurate, reliable and sensitive for most strains. After a comprehensive 

evaluation of multiple microtiter plate assays for quantification of microbial biofilms, it is 

assumed that resazurin and FDA were most favorable assays [43]. Both XTT and SYTO 
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9 assays are widely exploited approaches for measuring biofilm viability but they are 

expensive [43]. Among them, resazurin is the most commonly used and cost-effective 

reagent because it has no toxicity to the biofilms. 

Biofilms are assemblages of viable bacteria surrounded by self-produced EPS. Pitts 

et al. introduced some methods using fluorescent dyes to measure the production of this 

matrix [38]. Moreover, at the moment, there are no existing methods which could 

simultaneously assess the effects of tested agents on biomass, viability and EPS layer. 

Therefore, it's needed to develop new quantitative assessment methods with those 

features already for the primary screening. Since resazurin has the advantage of being no 

cytotoxicity. This allows the previous bacteria to be reused for CV staining to measure 

the biofilm biomass, and it is also free from interference of the previous outcomes [43].  

On the other hand, flow cell systems for the study of structural biofilm development 

could provide the microbial cells with a constant supply of nutrients [44]. As the high 

costs and time needed for the flow cell systems, a screening in large scale is difficult to 

carry out. Thus, there was a great improvement of the workflow in cost control, work 

efficiency for the screening. 

4. Antbiofilm and anti-bacterial agents from nature 

A plant can be likened to as a small factory for producing bioactive secondary 

metabolites. Plants have slow differentiation and therefore have long lives, they just live 

on minerals from the earth. Therefore, they depend on both physical and chemical 

defenses for their survival. After the initial attack, the plants can produce some defensive 

chemicals, such as natural insecticides, which act as plant chemical defense on pests in 

plant ecosystem. These secondary metabolites in plant also function as methods of 
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plant-plant communication. Many of these plant chemicals have been found to have 

significant antibiofilm effects, and modulate biofilm formation.  

High throughput screening platform enabling drug discovery from natural products 

has gained high popularity in the last few years and expanded its applications for the 

pharmaceuticals. It allows researchers to quickly and efficiently process large numbers of 

compounds against a biological target at lower costs. 

A number of natural products have been shown to interfere with formation of 

biofilms, but most of those researches are still in the early stage of drug development 

(Table 1.1-1.3). The below sections describe the diverse natural products with potential 

antibiofilm activity. The phytochemicals, fractions and extracts are therefore grouped 

below by the general class or their putative active components. 

4.1. Alkaloids 

Alkaloids are a class of natural chemicals that contained a ring structure and a 

nitrogen atom, and are an extremely large natural resources for drug development. 

Alkaloids are broadly distributed and concentrated in the species of higher plants. 

Moreover, alkaloids exhibit significant biological activities, such as anticancer, 

antimicrobial and antivirus. In this chapter, the alkaloids which are isolated from plants, 

fungi and marine organism, and their antimicrobial activity were summarized. 

The alkaloid berberine displayed strong antimicrobial activity against selected oral 

pathogens, with antibacterial capability to F. nucleatum (MIC at 31.25 μg/mL), P. 

intermedia (MIC at 3.8 mg/mL) and E. faecalis (MIC at 500 μg/mL), but poor antibiofilm 

activity against the multispecies. However, when combined with 1% chlorhexidine, 

berberine (2 mg/mL) effectively reduced E. faecalis in an in vitro single-canal tooth 
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model [45]. Another study has shown that berberine could significantly prevent the 

formation of S. epidermidis biofilm at the concentration 30 μg/mL. The possible 

mechanism is berberine may bind to the amyloid proteins in bacterial biofilm EPS in S. 

epidermidis [46].  

Reserpine was effective to inhibit biofilm at 0.0156 mg/mL, which was 64-fold 

lower than its MIC [47]. Zhao et al. found that tetrandrine inhibited Candida albicans 

biofilm formation with dose-response relationship. Tetrandrine may break down the 

maintenance of 60% mature C. albicans biofilm at 32 mg/L. The results also indicated 

that tetrandrine may inhibit hyphal growth through the Ras1p-cAMP-PKA pathway [48]. 

Skogman [49] found that a series of cinchona alkaloids, including the natural 

compounds cinchonidine and cinchonine, displayed antibiofilm activity against 

Staphylococcus aureus. TAGE (trans-bromoageliferin analogue) inhibited PDO300 

biofilm formation with the IC50 of 88 μM. The TAGE derivatives also displayed a 

promising inhibitory effects of biofilm formation of Bordetella bronchiseptica (Rb50) 

and S. aureus [50]. 

Piperine, an alkaloid found in P. longumdboth which is widely distributed plant 

species in India, showed the minimum biofilm inhibitory concentration against S. mutans 

biofilm formation at 0.0407 mg/mL [51]. Xing et al. found that treatment with harmaline 

at 2.048 mg/mL killed most bacteria in the S. aureus biofilm [52]. Numerous other 

natural alkaloids have also been reported as “active” to strong inhibition on biofilm 

formation (see Table 1.1). 

4.2. Polyphenols 

Polyphenols are predominantly secondary metabolites in plants. They have played 
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crucial roles in the resistance to pests and diseases. There is a great deal of research that 

have examined the antibacterial and antibiofilm activities of plant polyphenols against 

different microbial strains. The latest results are listed on Table 1.1. 

With the bioactive guided isolation, Sato et al. isolated two antimicrobial 

polyphenols from Artocarpus heterophyllus, which were identified as artocarpin and 

artocarpesin. They displayed growth inhibitory effects on S.mutans and other 

plaque-forming streptococci with MIC values from 3.13 to 12.5 μg/mL [53]. Three 

flavonoids isolated from Sophora exigua (Leguminosae) showed obvious antibacterial 

activities against main cariogenic pathogens including S. mutans, actinomycetes, and 

lactobacilli in vitro [54]. The natural compound embelin, which is commonly found in E. 

ribes could strongly inhibit S. mutans biofilm formation with MIC at 0.062 mg/mL [51]. 

In most Aisan countries, the root-bark of Morus alba is widely used as folk 

medicines in the treatment of various infections, including oral disease with its 

broad-spectrum antibacterial activity [55]. Isopanduratin A, which was isolated from the 

rhizome of Kaempferia pandurate, showed a great antimicrobial activity against dental 

bacterium [56]. 

Prabu et al. found that guaijaverin, a flavonoid isolated from leaves of Psidium 

guajava Linn., could prevent the adherence of S. mutans to smooth surfaces with 83.7% 

inhibition against CLSM 001 at 500 μg/mL. In a wide range of 0.0078–2 mg/mL of 

guaijaverin, it was observed that the adherence inhibition was drop to 16 to 0.27% for the 

CLSM 001 [57]. 

The Aclea longipedicellata (Malvaceae) water extract was widely used to treat 

various diseases caused by viruses and other microorganisms in Iran. 
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Malvidin-3,5-diglucoside (malvin), which was isolated from A. longipedicellata flowers, 

may be the major effective antibacterial component with an MIC at about 0.2 mg/mL 

against streptococci. In addition, malvin showed about 55% inhibition of  S. mutans 

adherence at 0.1 mg/mL [58]. Macelignan, isolated from the nutmegs of Myristica 

fragrans (Myristicaceae), was found to reduce more than 50% of S. sanguis, S. mutans 

and A. viscosus biofilms at 10 μg/mL. And also it demonstrated the rapid elimination 

effect on the viable bacteria of S. mutans at 20 μg/mL within 1 min [59]. Naringin, a 

flavonoid widely found in grapefruit, had inhibitory effects against  A. 

actinomycetemcomitans and P. gingivalis (MIC50: 9.8-125 mg/mL) [60].  

Xanthorrhizol, isolated from the rhizome of an edible plant (C. xanthorrhiza Roxb.), 

has the ability to remove S. mutans biofilm with dose-effect relationship. Using different 

time formation of biofilms, xanthorrhizol could completely inhibit the biofilm formation 

in the adherent stage at the concentration of 5 μM. In mature biofilms, the inhibitory 

activities could reach 76% when treated with xanthorrhizol at the concentration of 50 μM 

by an exposure time of 60 min [61]. Curcumin showed a biofilm reduction of 83.2% at 

1/2MIC (8 μg/mL) against Helicobacter pylori [62]. 

A recent study has shown that cyanidin can inhibit quorum signalling pathway of K. 

pneumoniae which can cause severe infections. The possible mechanism is that cyanidin 

is capable of competing with the signaling molecule for LasR receptor protein binding 

and interrupt the QS regulation. Thus, cyanidin is potentially a lead compound for 

therapy of infections caused by K. pneumoniae [63]. 

Scutellaria oblonga Benth. is a sort of important pharmacological plant resource, 

and has been utilizing as the common traditional medicine in India. Three compounds 
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(techtochrysin, negletein and quercitin-3-glucoside), isolated from the leaves of 

Scutellaria oblonga by Rajendran et al., showed significant biofilm-reducing capability 

in the current study. Techtochrysin showed inhibitory effects of biofilm formation by 88.9, 

73.5 and 75.5% against B. subtilis, S. aureus and E. coli at the concentrations of 32 

μg/mL, 48 μg/mL and 24 μg/mL, respectively. Negletein showed 83.4, 88, 72.3 and 

87.9% biofilm reduction against S. aureus, B. subtilis, P. aeruginosa and E. coli at the 

concentrations of 32 μg/mL, 32 μg/mL and 64 μg/mL, respectively. Quercitin-3-glucoside 

displayed the biofilm removal rate above 92% against all the tested pathogens at 12 

μg/mL. Therfore, it is suggested that flavonoids from S. oblonga need to be further 

investigated for its use as potent antimicrobial and antibiofilm agents [64]. 

Vimberg et al. found that flavonolignans from the seeds of S. marianum showed 

moderate inhibition of biofilm formation against the Staph. Aureus 8325-4 in a static 

microtiter plate [65]. Pinostrobin has been found in honey and in some plants, and it has 

been used as a natural food supplement. Pinostrobin displayed significant antibiofilm 

effect against E. coli and P. aeruginosa at 0.5 μg/mL [66]. Isosteviol isolated from the 

medicinal plant Pittosporum tetraspermum also showed antibiofilm activity against P. 

aeruginosa at 100 μg/mL [67]. 

4.3. Terpenes 

Terpenes are a large type of hydrocarbons which are naturally synthesized in 

microorganisms, plants, and animals. Terpenes have a high degree of structural diversity 

stemming from the coupling of five-carbon isoprene units and are valued for their broad 

range of anti-microorganisms and anti-bioflim activity. 

 Bakuchiol obtained from the seeds of P. corylifolia Linn, showed bactericidal 
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effects against numerous oral bacteria with MICs less than 4 μg/mL. And it also had an 

inhibiton role on adherence of S. mutans JCM 5175 at 100 μg/mL [68]. Eight new 

compounds, including seven ent-rosane diterpenoids and one labdane diterpene, were 

obtained from Sagittaria sagittifolia. The bactericidal activities of those new compounds 

were tested, sagittine A, B, C and D were found potential antibacterial activities against S. 

mutans and Actinomyces naeslundii with MIC values from 62.5 to 125 μg/mL. 

Nevertheless, sagittine E can only inhibite the growth of A. naeslundii with MIC of 62.5 

μg/mL [69].  

Nagata et al. suggested that macrocarpals isolated from Eucalyptus globules leaves 

exhibited anti-adhesion activity on P. gingivalis. Three of the macrocarpals, macrocarpals 

A, B, and C, can affect the expression of P. gingivalis proteases and cell adhesion to the 

surface of saliva-coated hydroxylapatite (SHA) by 70–80% at 10 μg/mL [70]. 

Swartzia simplex (Sw.) Spreng. is a tree or less frequently a shrub in forests of 

tropical America. An aqueous extract of this plant is used traditionally in Panama to treat 

wounds. A total of 14 diterpenes were isolated from this plant by Wolfender, and five of 

them inhibited mature C. albicans biofilm growth (MICs at 50 μg/mL). And MIC value 

of Simplexene D was at 25 μg/mL [71]. 

Curcuma xanthorrhiza Roxb., an edible plant, was extensively applied in medical 

treatment around the world. Xanthorrhizol, which was obtained from the rhizome, had a 

strong in vitro antimicrobial activity against various dental bacteria. It was able to 

eradicate 76% of S. mutans biofilm at the present of xanthorrhizol and chlorhexidine 

gluconate for 60 min [61]. It was found that the casbane diterpene possessed strong 

94.28% inhibition activity on viable cell compared to the normal biofilm growth at 250 
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μg/mL [72]. 

Trans-trans farnesol, a sesquiterpene alcohol, and widely exists in propolis and citrus 

fruits, could prevent the biofilm formation of S. mutans. It significantly increased proton 

permeability in cell membrane and decreased glycolysis of S. mutans as planktonic cell or 

embedded in biofilm at the concentration of 1 mM [73]. 

4.4. Essential Oils 

It has been well documented that essential oils have excellent antibacterial properties, 

and their broad spectrum capability against various pathogens have been reported 

extensively [74]. A large amount of data and applications indicate that commercial 

mouthwashes with essential oils are favorable to oral hygiene maintenance and are more 

popular comparing to those products with chlorhexidine for long-term daily use [75-76]. 

Accumulating evidence indicates that essential oils may be safe and suitable ingredients 

used in the oral rinse for maintaining oral hygiene (Table 1.2).  

It is generally known that oral bacteria participate in the development of dental 

plaque. Takarada et al. reported that essential oils from manuka, tea tree, eucalyptus, 

lavandula, and romarinus could significantly inhibit the adherence of S. mutans (>50%). 

Essential oils from tea tree oil and manuka displayed obvious inhibitory effect on the 

adherence of P. gingivalis. The results indicated that most of these oils were capable of 

interfering with adhesion and primary biofilm formation of S. mutans and P. gingivalis 

[77]. In addition, they had a synergistic promoting effect on the disinfections with other 

antimicrobial products such as chlorhexidine. For instant, it can minimize the use of 

chlorhexidine, and strongly improve its antimicrobial and antibiofilm activity when in 

combination with the use of cinnamon or manuka [78]. The essential oils from Artemisia 
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lavandulaefolia, containing 10 main oil compounds, have a considerable inhibitory 

effects on 15 strains of oral anaerobic bacteria. Meanwhile, the same researchers found 

that the essential oils from Cryptomeria japonica displayed significant antimicrobial 

activities against facultative anaerobes and microaerophilic bacteria (MICs: 0.025-12.8 

mg/mL) [79-80].  

Barbara et al. found that trans-cinnamaldehyde (0.5%), p-coumaric (0.25% and 

0.5%) and ferulic acids (0.5%) were able to block and effectively inactivate the E. coli 

biofilm on urinary catheters [81]. As their potential antibiofilm activity, there is great 

potential for further research in the field of biomedical materials to prevent urinary tract 

infections. 

A strong antibiofilm activity was reported by Budri et al. on stainless steel and 

polystyrene, for the essential oils from Syzygium aromaticum and Cinnamomum 

zeylanicum, and the main components, eugenol and cinnamaldehyde at low 

concentrations, indicates their potential for development. A specific application could be 

as an alternative sanitizing spray for surface cleaning in the food processing industry 

[82]. 

Chemsa et al. have detected 20 compounds from the essential oil of Rhanterium 

suaveolens using GC/MS analytical techniques. The major volatile flavor compounds in 

the essential oil were perillaldehyde (45.79%), caryophyllene oxide (24.82%) and 

β-cadinol (5.61%). Antibiofilm activity of the essential oil exhibited 50.3% inhibition rate 

against S. epidermidis (MU 30) at 20 μg/mL [83]. The essential oils from coriander 

(Coriandrum sativum L.), anise (Pimpinella anisum L.) and peppermint (Mentha × 

piperita L.) displayed inhibitory effects on biofilm formation against E. coli and S. aureus. 
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All essential oils (MICs: 0.8-0.63 μL/mL) inhibited bacterial cell attachment of both 

bacteria by at least 50%. Bazargani et al. found that coriander essential oil could separetly 

prevent biofilm formation of S. aureus and E. coli at the MIC values of 0.8 μL/mL and 

1.6 μL/mL [84]. 

Ganesh et al. reported that treatment with Murraya koenigii essential oil (0.3% v/v) 

could result in a significant reduction of rhamnolipid, EPS and swarming motility of P. 

aeruginosa PAO1. And it also decreased about 80% of the biofilm biomass of  P. 

aeruginosa PAO1 [85]. This antibiofilm potential may be effectively exploited in 

controlling of Pseudomonas biofilm on medical device related infections.  

Merghni et al. investigated anti-adhesion ability of the L. nobilis L. essential oil 

against oral S. aureus strains. The result showed that, at the concentrations of 1/16 × MIC 

(0.24 to 1.95 mg/mL), the essential oil exerted an anti-attachment effect, with a biofilm 

inhibition percentage at above 70% against S. aureus strains [86]. Espina et al. showed 

that the essential oils [carvacrol, citral, and (+)-limonene] could strongly prevent the 

biofilm formation of community-associated methicillin-resistant S. aureus (CA-MRSA). 

Among them, carvacrol is the most effective component for blocking biofilm formation 

of CA-MRSA [87]. 

The essential oils from Petroselinum crispum and Ocimum basilicum displayed 

promising antibiofilm activity against Vibrio spp. Both of the parsley and basil oils were 

able to remove at least 50% of established biofilm formed on polystyrene surface at 152 

μg/mL. The research by Snoussi et al. showed a promising prospect of these essential oils 

in the use of preventing biofilm formation and destroying the mature biofilms [88].  

4.5. Sugar alcohols 
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Sugar alcohols have a long history of use in a wide variety of foods. Sugar alcohols, 

commonly found in fruits and vegetables, are used widely in foods ranging from soft 

drinks to sugar-free products. Xylitol, a polyalcohol or sugar alcohol, is commonly used 

as an anticariogenic agent [89]. A number of studies have demonstrated its anti-bacterial 

properties. Sahni et al. found that xylitol can inhibit the growth of S. mutans at the 

concentration of 1.56% (m/v), while it inhibited other bacteria significantly with its 

concentration above 1.56% (m/v). The study also showed that xylitol selectively inhibited 

the growth of S. mutans without affecting other strains like S. salivarius, and S. sanguis 

[89]. 

4.6. Other natural chemicals 

Srivastava et al. obtained and identified colostrum hexasaccharide (CHS) from mare 

colostrum. In the study, they showed that CHS could interfere with quorum sensing by 

degrading acyl-homoserine lactones (AHLs). The activities of several QS-regulated 

virulence factors such as toxins, proteases and lipase have already been demonstrated to 

be inhibited by CHS at 5 mg/mL. The results showed that CHS had potential to inhibit 

biofilm formation and also eliminate the established biofilm [90]. 

Nong et al. isolated five polyol polyketides from Streptomyces sp. SCSGAA 0027 

which could inhibit the overall extent of biofilm formation of S. onedensis MR-1 to the 

levels of 63% to 98% at 200 μg/mL. This is the first series of analog of the novel 

selective SETD8 inhibitor nahuoic acid A [91]. 

Previously, Gopal et al. had identified novel antimicrobial peptide from witch 

flounder. This novel peptide has great potential to prevent of biofilm formation of P. 

aeruginosa in the test concentration range (4-16 μM). In addition, it did not cause 
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hemolysis in vitro, and showed no cytotoxic effect to mammalia cells, thereby indicating 

its antimicrobial potential [92]. 

4.7. Plant Extracts 

The above part discussed in detail some researches of phytochemicals for their 

ability to prevent biofilm formation or destruction. In this section, plant extracts with 

antibiofilm activity as the main objective are discussed (Table 1.3). 

The North American cranberry, Vaccinium macrocarpon (Ericaceae), is traditionally 

used to support a healthy urinary tract and protects the function and efficiency of the 

kidneys by preventing bacterial adhesion to cells or mucous membrane [93]. There are 

numerous evidences that cranberry juice could decrease the bacterial adhesion to form the 

biofilms on the epithelial cells of the urinary tract and bladder. The adherence of S. 

mutans was remarkably reduced by 40-85% compared with control (p < 0.05) under 

exposure to 25% cranberry juice. Furthermore, the non-dialyzable material (NDM), 

high-molecular-weight polyphenols, isolated from cranberries showed a strong effect on 

the reduction of hydrophobicity of bacterial cells. These data suggested that constituents 

of cranberries could help to prevent biofilm development in the initial phase [93]. The 

possible mechanism was that the activity of fructosyltransferase and glucosyltransferase, 

which synthesize water-insoluble glucans and fructans was restrained during the adhesion 

step. And it can also enhance the ability of desorption of biofilms [94].  

An investigation exhibited that the cacao bean husk extract (CBH) was able to 

interfere in the adhesion of the S. mutans and S. sobrinus to glass slide (85% decrease) by 

inhibiting the synthesis of insoluble glucan. In addition, following oral administration of 

CBH in drinking water (1 mg/mL) to rats, it could significantly reduce rat caries and 
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dental plaque formation [95].  

Previous research has indicated that the alcohol extract from Helichrysum italicum 

had remarkable antimicrobial effects against S. mutans, S. sanguis and S. sopranos (MICs: 

7.81-31.25 μg/mL). The decrease in aggregation and cell surface hydrophobicity of S. 

mutans after the explosure of this extract was also observed in the study [96]. Mikania 

genus plants have been used widely in Brazil due to the broad range of bioactivities and 

pharmacological activities. Yatsuda et al. found that extracts of Mikania laevigata and M. 

glomerata could significantly inhibit sucrose-dependent adhension of S. mutans, S. 

sobrinus and S. cricetus to a glass surface (MICs: 12.5-100 μg/mL) [97].  

Polygonum cuspidatum (Polygonaceae) is a Korean traditional medicine, that used 

extensively in the prevention of and maintenance of oral health. The methanol extracts of 

the roots were reported to significantly inhibit the growth of S. mutans and S. sobrinus 

(MICs: 0.5-4 mg/mL), while also exerting a significant inhibition effect on 

sucrose-dependent cell adherence [98]. Alkaloids, phenolics and terpenes are identified as 

the major active constituents in this extract that is responsible for the antimicrobial 

activity [98]. 

The aqueous and solvent extracts of clove from Syzygium aromaticum (Myrtceae) 

showed obvious antibacterial activity against S. mutans. Both of the two extracts were 

found to reduce adhesion of S. mutans by inhibiting the production of water-insoluble 

glucan at 500 μg/mL [99]. Polyphenol-rich extracts from Chilean propolis showed about 

50% inhibition of the biofilm formation of S. mutans at 0.2 μg/mL [100].  

The genus Rosa (Rosaceae) are widely distributed and extensively used in cosmetics, 

washing agent, tooth paste and pharmacy industries. In one study, researchers 



23 
 

investigated the chemical compositions and the antibiofilm potential of the methanol 

extract of R. canina leaves. The dominant phenolic compounds were found to be 

quercetin and isorhamnetin derivatives in the extract. The methanol extract showed potent 

inhibitory effects on the biofilm growth of P. aeruginosa, S. aureus, Leishmania 

monocytogenes and Escherichia coli with low MIC values [101]. The leaf of Pandanus 

amaryllifolius Roxb. (Pandanaceae) is used widely in Southeast Asian as a flavoring and 

color cooked food. The ethanol extracts with various alkaloids also exhibited antibiofilm 

activities [102].  

Terminalia fagifolia Mart. is a traditional medicine in Brazil. The ethanol extract of 

the stem barks of this plant showed over 80% inhibition against the biofilm formation of 

S. aureus and S. epidermidis [103]. 

Melilotus albus Medic. and Dorycnium herbaceum Vill. are aromatic plants in 

Fabaceae family, widely covering in the forest and steppe areas of Europe and Asia. 

According to the research by Stefanovi et al., the plant extracts inhibited biofilm 

formation of P. aeruginosa with concentrations ranging from 5 to 20 mg/mL, whereas  

were not able to destroy the mature biofilm [104]. Trigonella foenum-graecum L. is an 

aromatic leguminous plant with a wide range of medicinal application. The methanol 

extracts significantly interfered with the synthesis of AHL regulated virulence factors and 

swarming motility in the strains of P. aeruginosa PAO1 and PAF79 [105]. 

Wild mushrooms are not only well known for their nutritious food, but also 

generally excellent sources of the lead compounds in drug discovery. The mushrooms 

from Serbia showed excellent antibiofilm activity (88.30%). The methanol extract of P. 

squamosus possessed antibiofilm and anti-quorum sensing activity, in particular against P. 
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aeruginosa, which could be further explored for the treatment of bacterial infections 

[106]. 

Syzygium cumini (Myrtaceae), commonly called as Indian blackberry and widely 

distributed in most regions of India, is a very popular fruit among the Indians. In Gopu’s 

study, malvidin and anthocyanin from S. cumini could significantly inhibit the biofilm 

formation, violacein production and EPS production in K. pneumoniae above 70%. These 

findings suggested that this plant may be used to control the foodborne disease caused by  

K. pneumoniae [107]. 

There are enough evidences to indicate that numerous plant extracts, fractions and 

phytochemicals have the antimicrobial and antibiofilm activities, but not enough to mean 

that all of these natural products are clinically meaningful. In fact, the majority had the 

significant activities at high concentrations. Researchers also recommended that there is 

need to set up a standardizational evaluated system to make a realistic appraisal of the 

applicability of the potential antibiofilm natural products. Usually in the discovery of 

antimicrobial agents, agents with the MIC values less than 100 μg/mL are considered as 

promising candidates for further exploration [108]. 

5. The status of antibiofilm agents in clinic 

There is now widespread recognition of the contribution of biofilms to human 

infection. Indeed, more than 80% of human bacterial infections are reportedly biofilm 

associated that always leads to high mortality and health-care costs [6]. It is clear that 

biofilms, in large part, contributed to the resistance of massive infections to conventional 

anti-infective therapies [109]. Biofilm exhibits multidrug tolerance and almost all 

resistance mechanisms do essentially the same thing for preventing the antibiotics from 
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hitting a target. The accumulated studies in the past few decades have clearly indicated 

that targeting biofilm formation has become more relevant approach for the anti-infection 

drug development. 

6. Conclusions 

In the past twenty years, there has been an explosion study in the discovery of 

molecules with capacity of antibiofilm activity. As demonstrated above, there are 

substantial evidences that plant extracts, fractions, phytochemicals or other chemicals 

from nature have the potential for development as preventative agents or therapeutics 

against infections caused by biofilm formation of microorganisms. While it is 

encouraging to see a few clinical trials of such agents [110-111], further study is also 

needed to confirm both the safety and effectiveness of these active agents in lab. This will 

provide us strong evidences for guidance of antibacterial rational use in clinical. And it 

also can bring down the medical expenses and lower the risk of resistance to the 

antibiotics by using alone or in combination with other antimicrobial drugs. 

There are numerous issues needed to be resolved for the potential clinic use of some 

antibiofilm agents. The antibiofilm mechanism of action exerted by the agents is still 

largely unknown. The compounds need to be evaluated in various vitro or vivo models to 

demonstrate their antimicrobial efficacy. The antibiofilm potency of the active agents 

needs to be improved. As a therapeutic strategy, these active agents may be also served as 

adjuvants in combination with some conventional antibiotics, and thereby, their dosing 

and pharmacodynamics issues must be optimized between an antibiotic and an 

antibiofilm agent. Further, expanded classes of molecules can be explored to discover 

novel antibiofilm agents.  
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Table 1.1 Natural compounds that inhibit biofilm formation. 

Compound Chemical structure 
Plant 

species 

Plant part 

used 
Pathogen strains 

Mechanism 

of action 
Inhibitory effects Dosage Reference 

Berberine 

 

— — 

Mixed culture 

bacterial 

suspension: F. 

nucleatum, P. 

intermedia and E. 

faecalis. 

— 

Reduced bacterial 

counts in the in vitro 

multispecies biofilm. 

2 mg/mL [45] 

Coptidis 

rhizoma 
— 

S. epidermidis 

strains ATCC 

35984 and S. 

epidermidis 243 

— 

Inhibited biofilm 

formation 

significantly. 

30 μg/mL [46] 

Reserpine 

 

— — 
Klebsiella 

pneumoniae 
— 

Strong biofilm 

inhibition. 

0.0156 

mg/mL 
[47] 

Tetrandrine 

 

— — C. albicans 

Interfered 

the 

Ras/cAMP 

pathway. 

Inhibited biofilm 

formation 

significantly. 

16 mg/L [48] 
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11-triphenylsilyl-

10,11-dihydrocin

chonidine 

 

— — S. aureus — 

Effective against 

planktonic bacteria 

and in preventing 

biofilm formation. 

IC50: 6µM [49] 

TAGE 

(Trans-bromoagel

iferin analogue)  

— — P. aeruginosa — 

Inhibited and 

dispersed P. 

Aeruginosa 

Biofilms 

Dispersed 

P. 

Aeruginosa 

strains 

PAO1 with 

an EC50 of 

82 mm and 

P. 

Aeruginosa 

strains 

PA14 

Biofilms 

with an 

EC50 of 114 

mm. 

[50] 

Piperine 

 

P. longum — S. mutans — 

Significantly 

inhibited biofilm 

formation. 

MIC: 

0.0407 

mg/mL 

[51] 

Embelin 

 

E. ribes — S. mutans — 
Significantly 

inhibited biofilm 

MIC: 0.062 

mg/mL 
[51] 
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formation. 

Harmaline 

 

— — S. aureus — 
Inhibited the biofilm 

growth. 

0.25 to 0.5 

μg/mL 
[52] 

Artocarpin 

 
Artocarpus 

heterophyll

us 

— 
S. mutans and S. 

sobrinus. 
— 

Inhibited the growth 

of 

S. mutans and S. 

sobrinus. 

3.13-12.5 

μg/mL 
[53] 

Artocarpesin 

 

5,7,2',6'-tetrahydr

oxy-8-lavandulylf

lavanone 

 

S. exigua Root 

Mutans 

streptococci, 

Actinomyces, 

Lactobacillus and 

other oral 

streptococci. 

— 
Inhibited the growth 

of tested bacteria. 

MIC: 

6.26-12.5 

μg/mL 

[54] 

5,7,2',4'-tetrahydr

oxy-8-1avandulyl

flavanone 

 

MIC: 

1.56-6.25 

μg/mL 

Kuwanon G 

 

Morus 

alba 
Root bark 

S. mutans, S. 

sobrinus and S. 

sanguis, 

and P. gingivalis 

— 

Inhibited the growth 

of the cariogenic 

bacteria. 

MIC: 8 

μg/mL 
[55] 
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Isopanduratin A 

 

Kaempferi

a 

pandurata 

Roxb. 

(Zingibera

ceae) 

Rhizome S. mutans — 

Exhibited strong 

activity against S. 

mutans. 

MIC: 4 

mg/mL 
[56] 

Guaijaverin 

 

P. guajava 

Linn. 

(Guava) 

Leaves S. mutans 

Decrease 

the 

hydrophobic

ity. 

A significant rate of 

inhibition on 

adherence of 

S. mutans (83.7%). 

0.5 mg/mL [57] 

Malvin 

 

Alcea 

longipedic

ellata 

Flower S. mutans — 

About 55% 

inhibition of S. 

mutans adherence. 

0.1% [58] 

Macelignan 

 

Myristica 

fragrans 

Houtt 

Nutmeg 
S. mutans and 

S. sanguis 
— 

Reduced biofilm 

to >50% of each 

single primary 

biofilm. 

10 μg/mL 

treated for 

30min. 

[59] 
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Naringin 

 

— —- 

A. 

actinomycetemco

mitans and P. 

gingivalis 

— 

Possed 

a strong inhibition 

on the growth of 

A. 

actinomycetemcomit

ans and 

P. gingivalis. 

MIC50: 

9.8 mg/mL 

to 125 

mg/mL. 

[60] 

Xanthorrhizol 

 

C. 

Xanthorrhi

za 

Roxb. 

 

Rhizome S. mutans — 

A significant 

reduction of up to 

76% of S. mutans 

biofilm after 

treatment for 60 

minutes in 

combination with 

chlorhexidine 

gluconate. 

50 μM [61] 

Curcumin 

 

— — 
H. Pylori 

ATCC43504 
— 

A significant 

inhibition of H. 

Pylori adherence 

reduction of 83.2% 

compared to the 

untreated control; 

The complete 

inhibition of biofilm 

formation was 

demonstrated at 1/2 

MIC. 

MIC: 16 

µg/mL. 
[62] 
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Cyanidin 

 

— — 
Klebsiella 

pneumoniae 

Inhibited the 

activity of 

LasR 

protein. 

Cyanidin at 

sub-lethal dose 

significantly 

inhibited biofilm 

formation (72.43 %). 

 

150 μg/mL [63] 

Techtochrysin 

 

Scutellaria 

oblonga 

Benth. 

Leaves 

S. aureus, B. 

subtilis, P. 

aeruginosa 

and E. coli 

 

— 

Displayed 88.9, 73.5 

and 75.5% biofilm 

reduction against B. 

subtilis, S. aureus 

and E. coli, 

respectively. 

24 μg/mL [64] 

Negletein 

 

Scutellaria 

oblonga 

Benth. 

Leaves 

S. aureus, B. 

subtilis, P. 

aeruginosa 

and E. coli 

 

— 

Showed 83.4, 88, 

72.3 and 87.9% 

biofilm reduction 

against S. aureus, B. 

subtilis, P. 

aeruginosa 

and E. coli, 

respectively. 

32 μg/mL [64] 

Quercitin-3-gluco

side (b) 

 

Scutellaria 

oblonga 

Benth. 

Leaves 

S. aureus, B. 

subtilis, P. 

aeruginosa 

and E. coli 

 

— 

Biofilm reduction up 

to 92–98% 

in all tested bacteria. 

12 μg/mL [64] 
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Hydnocarpin D 

 

S. 

marianum 
— S. aureus 8325-4 — 

Inhibited biofilm 

formation. 

MIC: 

32 μg/mL 
[65] 

Isohydnocarpin 

 

S. 

marianum 
— S. aureus 8325-4 — 

Inhibited biofilm 

formation. 

MIC: >124 

μg/mL 
[65] 

Silybin 

 

S. 

marianum 
— S. aureus 8325-4 — 

Inhibited biofilm 

formation. 

MIC: >124 

μg/mL 
[65] 

Pinostrobin 

 

Honey and  

some 

plants 

— 
E. coli and P. 

aeruginosa 
— 

Significant (>50%) 

inhibition of E. coli 

biofilm biomass; 

with P. aeruginosa, a 

notable increase in 

biofilm biomass. 

E. coli (0.5 

μg/mL) and 

P. 

aeruginosa 

(8 μg/mL). 

[66] 

Isosteviol 

 

Pittosporu

m 

tetrasperm

um 

Leaves P. aeruginosa — 

Maximum 

reductions in cell 

attachment were 

observed in P. 

Aeruginosa. 

100 μg/mL [67] 

Bakuchiol 

 

P. 

corylifolia 

Linn 

Seeds S. mutans — 
Inhibited the 

adherence. 
100 μg/mL [68] 
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Sagittines A−E 

 

Sagittaria 

sagittifolia 

L. 

(Alismacea

e) 

— 

S. mutans ATCC 

25175, A. 

naeslundiis ATC

C 12104, and A. 

actinomycetemco

mitans ATCC 

43717 

— 

Inhibited the growth 

of the tested 

pathogens. 

MICs of 

compounds 

1−4 (62.5 

to 125 

μg/mL) and 

Compound 

5 with the 

MIC value 

of 62.5 

μg/mL 

against A. 

naeslundiis 

ATCC 

12104. 

[69] 

Macrocarpal A 

 Eucalyptus 

globules 
Leaves P. gingivalis 

Inhibited the 

expression 

of P. 

gingivalis 

proteases. 

Inhibited the binding 

of 

P. gingivalis to 

saliva-coated HAP 

Beads (70–80%). 

10 μg/mL [70] 

Macrocarpal B 

 



34 
 

Macrocarpal C 

 

Simplexene A 

 

Swartzia 

simplex 

(Sw.) 

Spreng. 

Root Bark 
C. albicans 

CAF2-1 
— 

Inhibited mature 

biofilm growth. 

MIC: 50 

μg/mL 
[71] 

(5S,10S)-11,15(R

)-Dihydroxy,12-

methoxyswartziar

boreol G 

 

Simplexene B 
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Simplexene E 

 

Simplexene D 

 

MIC: 25 

μg/mL 

Casbane 

Diterpene 

 

Croton 

nepetaefoli

us L. 

Stalks S. mutans — 

An inhibitory effect 

on S. mutans biofilm 

formation and a 

decrease on viable 

cell of 94.28%. 

250 μg/mL [72] 

Trans-trans 

farnesol 

sesquiterpene 

alcohol 

 
Propolis — S. mutans — 

A decrease on viable 

cell of 78% in the 

biofilm of S. mutans.  

1 mM [73] 

Trans-cinnamalde

hyde 

 

— — Escherichia coli — 

Completely inhibited 

the biofilm 

formation of E. coli. 

0.5% [81] 
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P-Coumaric 

 

Prevented biofilm 

formation. 

0.5% and 

0.25% 

Ferulic acids 

 

Prevented biofilm 

formation. 
0.5% 

Eugenol 

 

Syzygium 

aromaticu

m and 

Cinnamom

um 

zeylanicum 

— S. aureus — 

Biofilm inhibition on 

polystyrene and 

stainless steel (52.8 

and 19.6%, 

respectively). 

0.106 

mg/mL 
[82] 

Cinnamaldehyde 

 

Syzygium 

aromaticu

m and 

Cinnamom

um 

zeylanicum 

— S. aureus — 

Reduced biofilm 

formation on 

polystyrene and 

stainless steel 

surfaces (69.6% and 

44.9%,  

respectively). 

0.106 

mg/mL 
[82] 

Carvacrol 

 

— — 
Methicillin-resist

ant S. aureus 
— 

A biofilm reduction 

(>30%). 
10 µL/L [87] 
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Colostrum 

Hexasaccharide 

 

Mare 

colostrum 
— S. aureus 

Inhibited 

QS-regulate

d secretion 

of virulence 

factors. 

Strongly inhibited 

the biofilm 

formation and 

destroyed the mature 

biofilm. 

5 mg/mL [90] 

Nahuoic acid B 

(1) 

, Nahuoic acid C 

(2), Nahuoic acid 

D (3), Nahuoic 

acid E (4) and 

Nahuoic acid A 

(5). 

 

 

Streptomyc

es sp. 

SCSGAA 

0027 

— 
Shewanella 

onedensis MR-1 
— 

Compound 1−5 

could inhibit 

the overall extent of 

biofilm formation of 

S. onedensis MR-1 

to the levels of 63%, 

94%, 95%, 91%, and 

98%, respectively. 

 

200 μg/mL [91] 

Epicatechin-(4 

b-6)-epicatechin-(

4 b-8,2 b- O- 

7)-epicatechin 
 

Vaccinium 

macrocarp

on Ait. 

Fruit E. coli — 
Inhibited the 

adhesion. 
60 μg/mL [112] 
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Epicatechin-(4 

b-8,2 b- O- 

7)-epicatechin-(4 

b-8)-epicatechin 

 

Epicatechin-(4 

b-8)-epicatechin-(

4 b-8,2 b- O- 

7)-epicatechin 

 

Styrylpyrone 

 

Helichrysu

m italicum 

G. Don. 

Leaves P. Aeruginosa — 

Antbiofilm activity 

against a strain of 

P. Aeruginosa 

forming biofilms ( 

53±2.4%). 

0.315 μM 

[113] 

3-hydroxydihydr

obenzofuran 

glycosides 
 

Helichrysu

m italicum 

(Roth) G. 

Don fil. 

Leaves P. Aeruginosa — 

Inhibited the P. 

Aeruginosa biofilm 

formation 

(17±1.5%). 

0．323 μM 
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Neolignans 

 

P. Aeruginosa — 

Inhibited the P. 

Aeruginosa biofilm 

formation 

(21±1.9%). 

0.245 μM 

Acetyl-11-keto- 

b-boswellic acid 

 

Boswellia 

serrata 

Roxb. Ex 

Colebr. 

Gum resin 

S. aureus ATCC 

29213 and S. 

Epidermidis 

ATCC 

12228 

— 

Inhibited the biofilm 

formation of S. 

Aureus and S. 

Epidermidis. 

From 16 

μg/mL to 

128 μg/mL 

[114] 

Ellagic acid 

 

Punica 

granatum 

L. 

Pomegran

ate 

S. Aureus, MRSA 

and E. Coli 
 

Dose dependent 

inhibition of 

Biofilms of all the 

test pathogens. 

At 

sub-lethal 

concentrati

ons (5–75 

μg/mL). 

[115] 

Juglone 

 

Black 

walnut 

 

— 

Marinobacter 

hydrocarbonocla

sticus (ATCC 

49840) 
— 

Inhibited attachment 

by about 45%. 
20 ppm 

[116] 

Cobetia marina 

(ATCC 25374) 

Iinhibited attachment 

by about 55%. 

Usnic acid 

 

Lichen — 

M. 

Hydrocarbonocla

sticus 

— 
Deterring biofilm 

attachment. 

30 and 40 

ppm 
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Eugenol 

 

Cymbopog

on nardus 

(L.) 

Rendle 

Bark 
Escherichia coli 

ATCC 33456 
— 

Biofilm development 

was significantly 

inhibited. 

< 700 μM [117] 

Baicalein 

 

Scutellaria 

baicalensis 

Georgi 

— P. aeruginosa — 

Significantly 

inhibited biofilm 

formation. 

20 μM 

[118] 

Esculin 

 

Uncaria 

rhynchoph

ylla (Miq.) 

Miq. ex 

Havil. 

— P. aeruginosa — 

Significantly 

inhibited biofilm 

formation. 

200 μM 
Esculetin 

 

Fraxinus 

rhynchoph

ylla Hance 

— P. aeruginosa — 

Significantly 

inhibited biofilm 

formation. 

Psoralen 

 

Psoralea 

corylifolia 

Linn. 

— P. aeruginosa — 

Significantly 

inhibited biofilm 

formation. 

Eugenol 

 

— — 

C. Albicans 04 

— 

Biofilm formation 

was 

Recorded as 18.62% 

0.5×MIC 

(18.62± 

2.91 mg/L) 
[119] 

C. Albicans 

SC5314 

Biofilm formation 

was 

Recorded as 20.65% 

0.5×MIC 

(20.65 ± 

1.34 mg/L) 
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Cinnamaldehyde 

 

— — C. Albicans 04 — 
31.40% inhibition of 

biofilm formation. 

0.5× MIC 

(33.23 ± 

2.05 mg/L) 

(4as, 5R, 8as) 5, 

8a-Di-1-propyl-o

ctahydronaphthal

en-1-(2H) -one 

 

Trachysper

mum ammi 

L.(Ajowan 

caraway) 

Seeds 
S. mutans ATCC- 

700610 
— 

About 50% 

reduction of biofilm. 

78.13 

μg/mL 
[120] 

Rhodomyrtone 

 

Rhodomyrt

us 

tomentosa 

(Aiton) 

Hassk. 

Leaves 

S. Epidermidis 

ATCC 

35984 and S. 

Pneumoniae  

— 

Good activity 

against 

biofilm-forming. 

— [121] 

Myricetin 

 

Cranberry — S. mutans 

Disrupting 

the 

biochemical 

and 

Decrease the 

production of 

insoluble EPS 

by >80%. 

The 

combinatio

n and 

concentrati

[122] 
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Proanthocyanidin 

 

ecological 

changes 

ons 

of the 

agents: 300 

μM PACs 

tetramer, 

100 μM 

nonamer 

and 2 mM 

myricetin. 

Phenylpropanoid 

glycosides 
— 

Rhodiola 

rosea L. 

(Crassulac

eae) 

— 

Urinary clinical 

isolate PU-1 from 

a woman with 

pyelonephritis. 

— 
About 45% 

inhibition. 
10 μg/mL [123] 

Panduratin A 

 

Kaempferi

a 

pandurata 

Roxb 

Rhizome 
S. mutans, 

S. sanguis 
— 

Prevented biofilm 

growth by ＞50%, 

reduced the biofilm 

to＞70% at 10 

μg/mL. 

8 μg/mL [124] 

Salvipisone 

 

Salvia 

sclarea L. 
Roots 

S. Aureus ATCC 

29213 
— Prevented bacterial 

adhesion and biofilm 

formation. 

18.75 

mg/mL 
[125] 

S. Epidermidis 

ATCC 
— 

9.37 

mg/mL 
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12228 

Salvipisone 

 

E. Faecalis 

ATCC 

29212. 

— 
18.75 

mg/mL 

Ferruginol 

 

Salvia 

sclarea L. 
Roots S. Aureus — 

A reduction of 

biofilm viability in a 

dose- dependent 

manner (46.8±2.74% 

to 65.6 ± 2.0%). 

50–200 

μg/mL 
[126] Salvipisone 

 

Aethiopinone 
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1-oxoaethiopinon

e 

 

Ophiobolin K (1) 

 

Emericella 

variecolor 

Berk. & 

Broome 

Whole 

M. Smegmatis — 

Antibiofilm 

formation. 

 

MIC: 

4.1μM 

[127] 

M. Bovis BCG — 

Inhibited biofilm 

formation of M. 

Bovis BCG. 

MIC: 8.2 

μM 

6-epi-Ophiobolin 

K (2) 

 

M. Smegmatis — 
Inhibited biofilm 

formation. 

MIC: 65 

μM 

6-epi-Ophiobolin 

G (3) 

 

M. Smegmatis — 
Inhibited biofilm 

formation. 

MIC: 17 

μM 

Salvipisone 

 

Salvia 

sclarea L. 

Hairy 

roots 

Methicillin-resist

ane S. 

aureus(MRSA) 

— 

Reduced the biofilm 

viability by 

45.7-77.0%. 

MIC: 18.75 

μg/mL 
[128] 
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S. 

epidermidis(MRS

E) 

MIC: 18.75 

μg/mL 

Aethiopinone 

 

Methicillin- 

resistane S. 

aureus(MRSA) 

MIC: 75 

μg/mL 

S. 

epidermidis(MRS

E) 

MIC: 18.75 

μg/mL 

Ajoene 

 

Garlic 
Garlic 

cloves 
P. Aeruginosa 

Reduced 

QS-controll

ed virulence 

factors, 

including 

rhamnolipid

. 

Prevented biofilm 

formation by 90%. 

Ajoene 

(100 

μg/mL) and  

tobramycin 

(10 

μg/mL). 

[129] 

4 b,5 

b-Epoxy-7ah-ger

macr-10(14)-en,1 

b-hydroperoxyl,6

b-ol 
 

R1 α-Me, R2 α-H, R3 β-OH 

Teucrium 

polium L. 

(Lamiacea

e) 

Air-dried 

aerial 

parts 

S. Aureus strain 

AH133-GFP 
— 

S. Aureus biofilm 

inhibition 

50 μg/disk 

per 10μL 
[130] 
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Table 1.2 Essential oils that inhibit biofilm formation. 

Major 

compounds 
Plant species Plant part used Pathogen strains 

Mechanism of 

action 

Effect of biofilm 

inhibition 
Dosage Reference 

— 

Melaleuca 

alternifolia 

(tree) 

— 
S. mutans. and 

P. gingivalis 
— 

All essential oils 

significantly inhibited 

adhesion of S. mutans 

(>50%). Tea tree oil and 

manuka oil significantly 

inhibited adhesion of P. 

gingivalis. 

0.1% [77] 

Eucalyptus 

radiata(eucalypt

us) 

Lavandula 

officinalis(lavan

dula) 

Romarinus 

officilalis(romar

inus) 

Eugenol 

(90.2%), 

eugenol acetate 

(6.5%), 

β-caryophyllene 

(1.3%), others 

(1.9%) 

Syzygium 

aromaticum 
— S. aureus — 

Showed a significant 

inhibition of biofilm 

production on polystyrene 

and stainless steel 

surfaces (69.4 and 63.6%, 

respectively). 

0.106 

mg/mL 
[82] 

Cinnamaldehyd

e (86.5%), 

benzaldehyde 

(4.2%), cineole 

Cinnamomum 

zeylanicum 
— S. aureus — 

Significantly reduced 

biofilm formation on 

polystyrene and on 

stainless steel surfaces 

0.106 

mg/mL 
[82] 
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(1.7%), 

cinnamic acid 

(1.5%), eugenol 

(0.1%), others 

(5.42%) 

(45.3 and 69.6%, 

respectively). 

Perillaldehyde 

(45.79%), 

caryophyllene 

oxide (24.82%) 

and β-cadinol 

(5.61%) 

Rhanterium 

suaveolens 
Aerial parts S. epidermidis — 

A strong biofilm 

inhibition by 50.30% 

against S. epidermidis 

(MU 30). 

20 

μg/mL 
[83] 

— 
Murraya 

koenigii 
— P. aeruginosa PAO1 

Inhibition of 

virulence factors 

About 80% reduction in 

biofilm formation. 
0.3% v/v [85] 

— 
Laurus nobilis 

L. 
— S. aureus — 

A strong biofilm 

inhibition effect above 

70%. 

0.24 

mg/mL 
[86] 

— 
Petroselinum 

crispum 
— 

V. parahaemolyticus ATCC 

17802, V. alginolyticus ATCC 

33787, V. vulnificus and V. 

cholerae non O1. 

— 

Biofilm eradication V. 

parahaemolyticus ATCC 

17802 (56%) and V. 

alginolyticus ATCC 

33787 (55%). 

40 

mg/mL 
[88] 

— 
Ocimum 

basilicum 
— 

V. parahaemolyticus ATCC 

17802, V. alginolyticus ATCC 

33787, V. vulnificus and V. 

cholerae non O1. 

— 

Inhibit the biofilm ranging 

from 

55% (V. 

parahaemolyticus, 

Malaga) to 87.45% for the 

50 

mg/mL 
[88] 
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two V. vulnificus 

strains and V. cholerae 

non O1 strain. 

— 

Cymbopogon 

citratus 

(DC.) Stapf 

— 
Candida albicans 04 and 

Candida albicans SC5314 
— 

11.46–24.67% formation 

of biofilm 

0.5 MIC 

and 0.25 

MIC 

[105] 

— 

Syzygium 

aromaticum 

(L.) Merrill & 

Perry 

— 
Candida albicans 04 and 

Candida albicans SC5314 
— 

Biofilm inhibition by 

47.61% and 42.92% in 

Candida albicans 04 and 

Candida 

Albicans SC5314, 

respectively. 

0.5× 

MIC 
[119] 

— 

Mentha × 

piperita L. 
Leaves S. aureus and Escherichia coli. — 

With inhibition of bacteria 

attachment by at least 

50%. 

0.8 to 

0.63 

μL/mL 

[131] 

Coriandrum 

sativum L. 
Seeds S. aureus and Escherichia coli. — 

Showed the strong 

antibiofilm activity 

against biofilm formed by 

both tested bacteria 

(S. aureus and E. coli). 

At MIC 

value 0.8 

μL/mL 

and 1.6 

μL/mL, 

(S. 

aureus 

and E. 

coli) 

respectiv

ely. 
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Pimpinella 

anisum L. 
Seeds S. aureus and Escherichia coli. 

With inhibition of bacteria 

attachment by at least 

50%. 

0.8 to 

0.63 

μL/mL. 

Polygonum 

cuspidatum S. 

Et Z. 

Leaves 

Bacillus cereus, Salmonella, 

Typhimurium, E. coli, 

Staphylococcus, aureus, 

Listeria, monocytogenes, 

Vibrio and parahaemolyticus. 

Exhibited strong growth 

inhibition upon the six 

microorganisms. 

5.74 to 

8.89 

mL/100 

g. 

N-octyl acetate 

(63.5%) was 

the main 

constituent with 

n-octanol 

(17.8%) and 

limonene 

(4.7%), whilst 

a-pinene 

(2.1%), 

verticilla-4(20),

7,11- 

Triene (2.3%), 

incensole 

acetate (1.7%) 

and incensole 

(0.7%). 

Boswellia 

papyrifera 

(Delile ex 

Caill.) Hochst. 

Resin S. epidermidis DSM3269 — 

The percentages of 

inhibition ranged from 

99% to 71% against 

biofilms of S. Epidermidis 

DSM 3269. 

217.3 

μg/mL 

to 6.8 

μg/mL 

[132] 

N-octyl acetate Boswellia Resin S. aureus ATCC 29213 — Biofilms Inhibition 217.3 [132] 
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(63.5%) was 

the main 

constituent with 

n-octanol 

(17.8%) and 

limonene 

(4.7%), whilst 

a-pinene 

(2.1%), 

verticilla-4(20),

7,11- 

Triene (2.3%), 

incensole 

acetate (1.7%) 

and incensole 

(0.7%). 

papyrifera 

(Delile ex 

Caill.) Hochst. 

95.3–59.1%. μg/mL 

to 6.8 

μg/mL 

N-octyl acetate 

(63.5%) was 

the main 

constituent with 

n-octanol 

(17.8%) and 

limonene 

(4.7%), whilst 

a-pinene 

(2.1%), 

verticilla-4(20),

Boswellia 

papyrifera 

(Delile ex 

Caill.) Hochst. 

Resin S. Epidermidis RP62A. — 
Antibiofilm activity: 

98 .8% 

4.5 

μg/mL 
[132] 



51 
 

7,11- 

Triene (2.3%), 

incensole 

acetate (1.7%) 

and incensole 

(0.7%). 

— 

Cymbopogon 

flexuosus (Nees 

ex Steud.) 

Whole 

MSSA methicillin susceptible 

Staph. Aureus 
— 

Prevented biofilm 

formation 

0.06% 

(v/v) 
[133] 

MRSA, methicillin resistant 

Staph. Aureus 
— 

Prevented biofilm 

formation 

0 .125% 

(v/v) 

— 
Salvia fruticosa 

Mill. 

Fresh leaves and 

aerial parts 
MRSA strains — 

Biofilm percentage 

reduction 99.8%. 
12.5% [134] 

— Mentha spicata — Vibrio spp. — 

The percentage of 

inhibited biofilm 

production: 11.6% for V. 

alginolyticus ATCC 

33787 and 40% for V. 

vulnificus ATCC 27562 

92 

μg/mL 
[135] 
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Table 1.3 Extracts, fractions, hydrates and mixtures that inhibit biofilm formation. 

Extract/fraction

/mixture 
Major compounds Plant species 

Plant part 

used 
Pathogen strains 

Mechanism of 

action 

Effect of biofilm 

inhibition 
Dosage Reference 

NRC-16 

Peptide 
— 

Glyptocephalu

s cynoglossus 

Witch 

Flounder 
P. Aeruginosa. — 

Significant inhibition 

of biofilm formation. 

4-16 

μM 
[92] 

Cranberry 

juices 
— 

Vaccinum 

macrocarpon 
— S. mutans — 

The adherence of S. 

mutans was 

significantly reduced 

by more than 40%. 

25% 

(v/v) 
[93] 

High molecular 

weight 

non-dialysable 

Material 

(NDM) 

— 

Vaccinium 

macrocarpon 

L. 

Fruit 
E. coli and S. 

Sobrinus 

Inhibited the 

activity of 

glucosyltransfer

ase and 

fructosyltransfer

ase. And a 

desorption 

effect on S. 

sobrinus 

biofilm. 

Showed anti-adhesion 

effects of E. coli and 

inhibited the 

coaggregation of oral 

bacteira.  

4 

mg/mL 

for E. 

coli. 

0.083 

mg/mL 

to 1.33 

mg/mL 

for S. 

sobrinu

s. 

[94] 

Aqueous 

extracts 
— Cacao beans 

Ground 

husks 

S. mutans 

MT8148R and  

S. sobrinus 6715 

— 

It could inhibit both 

strains’ adhesion by 

about 80%. 

>5 

mg/mL 
[95] 

Ethanolic 

extracts 
— 

Mikania 

laevigata Sch. 

Bip. ex Baker 

Aerial 

parts 

S. mutans, 

S. sobrinus and S. 

cricetus 

— 
Inhibited the adhension 

of S. mutans. 

MIC: 

25–400 

μg/mL 

[97] 
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and Mikania 

glomerata 

Sprengel 

Aqueous 

extracts 
— Cloves bubs — S. mutans 

Reduced 

cell-surface 

hydrophobicity. 

Completely inhibited 

the adhesion of S. 

mutans. 

20 

mg/mL 
[99] 

Methanol 

extracts 
— Cloves bubs — S. mutans 

Reduced 

cell-surface 

hydrophobicity. 

Completely inhibited 

the adhesion of S. 

mutans. 

10 

mg/mL 
[99] 

Polyphenol-rich 

extracts 
— 

Chilean 

propolis 
— S. mutans — 

Inhibition of about 

50% on biofilm 

formation. 

0.2 

μg/mL 
[100] 

Methanolic leaf 

extracts 

Dominant phenolic 

compounds are quercetin and 

isorhamnetin derivatives 

(isoquercetin and 

isorhamnetin-3-O-rutinoside) 

Rosa canina 

L. 
Leaves 

P. aeruginosa, S. 

aureus, 

Leishmania 

monocytogenes 

and E. coli 

— 

Inhibited biofilm 

growth of P. 

aeruginosa and E. coli 

by 90%. 

7 to 58 

μg/ mL 
[101] 

Ethanol extract — 
Terminalia 

fagifolia Mart. 
Stem bark 

S. aureus 

and S. epidermidis 
— 

Inhibited biofilm 

formation by over 

80%. 

MIC: 

400 

μg/mL 

[103] 

Ethanol extracts — 
Melilotus 

albus Medic. 

Ground 

part 
P. aeruginosa — 

Inhibit P. aeruginosa 

biofilm formation 

5 

mg/mL 
[104] 

Ethanol extracts — 

Dorycnium 

herbaceum 

Vill. 

(Fabaceae) 

Ground 

part 
P. aeruginosa — 

Inhibit P. aeruginosa 

biofilm formation 

10 

mg/mL 
[104] 
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Methanol 

extracts 
— 

Trigonella 

foenum-grace

um 

L.(Fenugreek) 

Seeds 
P. aeruginosa 

PAO1 

Significant 

inhibition of 

AHL regulated 

virulence factors 

(protease, LasB 

elastase, 

pyocyanin, 

chitinase, EPS). 

Inhibited the biofilm 

formation by 

24.1-68.7%. 

125-10

00 

μg/mL 

[105] 

Methanolic 

extracts 
— 

Polyporus 

squamosus 

(Huds.) Fr 

— P. aeruginosa 
Anti-quorum 

sensing. 

Showed excellent 

antibiofilm activity 

(84.30%). 

About 

0.2 

mg/mL 

[106] 

Methanol 

extracts 
— 

Syzygium 

cumini 
Fruits 

K. pneumoniae 

strain PUFST23 

Inhibited the 

synthesis of QS 

regulated 

virulence factors 

and EPS 

production 

(81.16%). 

Removed the biofilm 

biomass by 35.85, 

64.03, and 79.94% at 

the three 

concentrations 

respectively. 

Dose 

depend

ent 

(0.1, 

0.5 and 

1 

mg/mL

) 

[107] 

Methanol 

extracts 
— 

Punica 

granatum L. 

Pomegrana

te 

S. Aureus, 

MRSA 
— 

Biofilm disruption was 

found to be 70% for 

S. Aureus, MRSA. 

125 

μg/mL 

 

[115] 

Methanol 

extracts 
— 

Punica 

granatum L. 

Pomegrana

te 
E. Coli — 

Biofilm disruption was 

found to be 70% for E. 

Coli 

150 

μg/mL 
[115] 

Methanol — Punica Pomegrana C. Albicans — Biofilm disruption 90% 250 [115] 
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extracts granatum L. te for C. Albicans. μg/mL 

The toluene 

soluble part 
— 

Chondrus 

crispus 

Stackh 

— 

C. Marina 

— 
Inhibit bacterial 

attachment 

50–200 

ppm 

[116] M. 

Hydrocarbonocla

sticus 

100–20

0 ppm 

Sesquiterpene 

lactones, 

phenolic acides, 

flvonoids, 

triterpenes 

 

— 

Arnica 

Montana L. 

(Asteraceae) 

— 

PU-1, isolated 

from a woman 

with 

pyelonephritis. 

— About 47% inhibition. 
10 

μg/mL 
[123] 

Acetone total 

extracts 

Phenylpropanoid glycosides, 

flavonoids 

Rhodiola 

rosea(Crassula

ceae) 

— 

PU-1, isolated 

from a woman 

with 

pyelonephritis. 

— About 37% inhibition 
10 

μg/mL 
[123] 

Ethanol extracts — 

Salvia 

fruticosa 

Mill. 

Fresh 

leaves and 

aerial parts 

S. Aureus — 
Biofilm reduction 

60.9%. 

0.78 

mg/mL 
[134] 

Bacalin hydrate — — — 

B. Multivorans 

LMG13010 

 

QS inhibitory 

Biofilm inhibition 

48.7% 

100 

mM 
[136] B. Multivorans 

LMG17588 
Biofilm inhibition 37% 

B. Cenocepacia 

LMG18828 
Biofilm inhibition 62% 
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Plant phenolic 

compounds 

(TS103 and 

TS134) 

— — — P.  aeruginosa 

Alter exos 

transcription by 

the 

gacsa-rsmyz-rs

ma-exsa 

regulatory 

pathway. 

Growth inhibition of P. 

Aeruginosa biofilm. 

250 

μM for 

each 

compo

und. 

[137] 

Exudates — 
Pisum sativum 

L. 
Pea 

Chromobacterium 

violaceum CV026 

Mimicked AHL 

signals and 

stimulating 

AHL-regulated 

behavior. 

Inhibited violacein 

synthesis in 

Chromobacterium 

violaceum CV026. 

— [138] 

Fraction 
Containing polyphenols, zinc 

and fluoride ions. 
Barley Coffee Grains S. mutans — 

Inhibited S. mutans 

biofilm formation. 

15 to 

60 

mg/mL 

[139] 

Water extracts — 
Equisetum 

arvense L. 
Leaf E. coli — 

The maximum amount 

of biofilm mass was 

only 21.4 % of the 

control sample. 

0.125 

mg/mL 
[137] 

Water extracts — 
Herniaria 

glabra L. 
Leaf E. coli — 

The largest amount of 

biofilm mass 

represented only 40 % 

of the control. 

0.125 

mg/mL 
[137] 

Aqueous extract Main active compounds: Scutellaria Scutellaria S. aureus — Inhibit the formation of IC50: [140] 
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of tanreqing 

 

Baicalein, ursodeoxycholic 

acid, chenodeoxycholic acid, 

forsythin 

and chlorogenic acid 

baicalensis 

Georgi, Bear 

Gall powder, 

Goral horn, 

Lonicera 

japonica 

Thunb and 

Forsythia 

suspensa 

(Thunb.) Vahl. 

baicalensis 

Georgi 

(radix), 

Lonicera 

japonica 

Thunb 

(flos) and 

Forsythia 

suspensa 

(Thunb.) 

Vahl. 

(fructus) 

S. aureus biofilm. 49 

μg/mL 

Manuka honey — 

Leptospermum 

scoparium var. 

Incanum 

Flower S. Aureus — 

Eliminating almost all 

of the established S. 

Aureus biofilms. 

16%–3

2% 

(w/v) 

[141] 

Chloroform/Me

OH fraction of 

Nidus Vespae 

-- Nidus Vespae Whole 
S. mutans ATCC 

25175 biofilm 

Inhibitory action 

against 

fructosyltransfer

ase 

Suppressed adherence 

by 98.2%. 

1 

mg/mL 
[142] 

The 70% 

aqueous 

methanol 

extracts of 

Polygonum 

cuspidatum root 

— 

Fallopia 

japonica 

(Houtt.) Ronse 

Decr. 

Root 
S. mutans KCTC 

3298 
— 

Markedly inhibited the 

biofilm formation. 

MIC: 

19 

μg/mL 

[143] 
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Ethanol extracts — 
Salvadora 

persica L. 
Stick 

S. sobrinus KCTC 

3288 

— 
Inhibited biofilm 

formation by 85.75%. 

MIC: 

4.3 

μg/mL 
[144] 

S. mutans 

MIC: 

2.6 

mg/mL 

Methanol 

extracts 
— 

Arctium lappa 

Linn. 
Root 

E. coli, P. 

mirabilis and S. 

marcescens 

anti-QS activity 

Inhibited the biofilms 

on polystyrene and 

glass surfaces. 

100 

µg/mL 
[145] 

Decoctions — 
Vaccinium 

corymbosym L 
Fruit 

Methicillin 

resistant S. aureus 

(MRSA) 

— 
Reduced 47% MRSA 

biofilm viable counts. 

12.5 

mg/mL 
[146] 

Methanol 

extracts 

 

— 

Juniperus 

communis 

L. Var. 

Communis; 

Juniperus 

communis L. 

Var. Saxatilis 

Pall.; 

Juniperus 

drupacea 

Labill.; 

Juniperus 

oxycedrus L. 

Subsp. 

Branches 
S. Aureus ATCC 

6538P 
— 

Inhibited biofim 

formation of S. Aureus 

by more than 60%. 

125 

μg/mL 
[147] 
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Oxycedrus; 

Juniperus 

oxycedrus L. 

Subsp. 

Macrocarpa 

(Sibth. & Sm.) 

Ball. 

95% ethanol 

extracts 
— 

Quercus 

infectoria G. 

Olivier 

Nutgalls S. aureus — 

Affected 

staphylococcal biofilm 

formation 

MIC: 

0 .25 

mg/mL 

[148-149] 

Tannic acid — 

Quercus 

infectoria G. 

Olivier 

Nutgalls S. aureus — 

Affected 

staphylococcal biofilm 

formation 

0.13 

mg/mL 
[148-149] 

THR-SK004E-

distilled water 

extracts 

— 

Maran 

taarundinacea 

L., Oroxylum 

indicum Vent. 

and 

Commelina 

benghalensis 

L. 

Maran 

taarundina

cea L. 

(Rhizome), 

Oroxylum 

indicum 

Vent. 

(Bark) and 

Commelin

a 

benghalens

is L. 

(Whole 

S. Epidermidis — 
Inhibited the biofilm 

formation. 

250 

μg/mL 
[148-149] 



60 
 

plant) 

Water extracts — 

Curcuma 

longa L, Areca 

catechu L., 

Oryza sativa 

L. And 

Garcinia 

mangostana L. 

Curcuma 

longa L. 

(Rhizome) 

, Areca 

catechu L. 

(Seed), 

Oryza 

sativa L. 

(Seed) and 

Garcinia 

mangostan

a L. 

(Pericarp) 

Staphylococcal — 
Removed 30 to 40% of 

biofilm. 

5-0.63 

μg/mL 
[148-149] 

Crude methanol 

extract 
— 

Euphorbia 

hirta L. 

Aerial 

parts 

E. Faecalis and P. 

Aeruginosa 

(ATCC 27853) 

— 
A good inhibition of 

adherence. 

MIC: 

500 

μg/mL 

[150] 

Crude methanol 

extract 
— 

Euphorbia 

hirta L. 

Aerial 

parts 
P. Aeruginosa, — 

Significantly removed 

biofilm. 

MIC: 

500 

μg/mL 

[150] 

Methanol 

extracts 
— 

Carex 

dimorpholepis 

Steud. 

— E. coli O157:H7 

Inhibited the 

expression of 

curli genes 

(csga 

And csgb), 

Reduced curli 

formation in EHEC 

(>85%). 

0.5 

mg/mL 
[151] 
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several motility 

genes (fima, 

fimh, flhd, flia, 

Motb, qseb, and 

qsec), and AI-2 

quorum sensing 

genes 

(lsra, luxs, and 

luxr) by about 

10-fold. 

Aqueous 

extracts 
— 

Arundo donax 

L. (Poaceae) 

Reed 

nodes, 

Leopoldia 

comosa(H

yacinthace

ae)-cipuldj

in 

Methicillin-resista

nt S. aureus 

(ATCC 33593) 

— 

Inhibited the biofilm 

formation and removed 

the mature biofilm by 

40% to 80%. 

8-128 

μg/mL 
[152] 

Aqueous extract — 

Ballota nigra 

(Lamiaceae)-e

rba cane 

Aerial 

parts, 

Leopoldia 

comosa(H

yacinthace

ae)-cipuldj

in 

Methicillin-resista

nt S. aureus 

(ATCC 33593) 

— 

Significantly inhibited 

both biofilm formation 

and adherence by 45% 

to 90%. 

8-128 

μg/mL 
[152] 

An ethanolic 

extracts 
— 

Juglans regia 

(Juglandaceae)

Aerial 

parts, 

Methicillin-resista

nt S. aureus 
— 

Reduced biofilm 

adherence and 

8-128 

μg/mL 
[152] 
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-noce Leopoldia 

comosa(H

yacinthace

ae)-cipuldj

in 

(ATCC 33593) formation. 

Both the 

aqueous and 

ethanolic 

extracts 

— 

Leopoldia 

comosa(Hyaci

nthaceae)-cipu

ldjin 

Bulb, 

Leopoldia 

comosa 

(Hyacintha

ceae)-cipul

djin 

Methicillin-resista

nt S. aureus 

(ATCC 33593) 

— 
Inhibited biofilm 

formation (＞80%). 

IC50: 

16 

μg/mL 

for 

prevent

ing 

biofilm 

formati

on and 

8 

μg/mL 

for 

adheren

ce. 

IC90: 

128 

μg/mL 

for 

biofilm 

adheren

ce.  

[152] 

Aqueous — Marrubium Aerial Methicillin-resista — Inhibited adherence of IC50: 8 [152] 
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decoctions vulgare 

(Lamiaceae)-

marugge 

parts, used 

to treat 

skin 

disorders 

and 

wounds 

nt S. aureus 

(ATCC 33593) 

established biofilms 

(inhibition＞70%). 

μg/mL 

and 

IC90: 

128 

μg/mL. 

The methanol 

extracts 
— 

Marula 

(Sclerocarya 

birrea; 

family-Anacar

diaceae) 

Stem 

bark.the 

decoction 

of the bark 

is 

Traditional

ly used for 

the 

treatment 

of 

dysentery, 

diarrhoea, 

and 

various 

other 

infectious 

conditions 

Sclerocarya 

birrea. 

Disrupted the 

quorum sensing 

mediated 

production of 

biofilm 

formation and 

also inhibited 

swarming 

ability of the 

cells. 

Produced antibiofilm 

activity (around 75% 

decrease; 100 μg/mL) 

at sub-lethal 

concentration. 

100 

μg/mL 
[153] 

Ethanolic 

extracts 
— 

Terminalia 

bellerica, 

Combretaceae 

— S. mutans — Inhibition 92.2% 
250 

μg/mL 
[154] 
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Chloroform 

extracts 
— 

Couroupita 

guianensis 

Aubl. 

Fruit P. aeruginosa — 
52% inhibition of 

biofilm formation. 

2 

mg/mL 
[155] 

Ethanol extracts — 

Eleutherine 

americana 

Merr. 

Bulb 
S. pyogenes 

(NPRC 101–111) 

Partial 

inhibition on 

quorum sensing. 

Significantly prevented 

biofilm formation. 

7.81–1

25 

mg/mL 

[156] 

Chloroform 

extracts 
— 

Rhodomyrtus 

tomentosa 

(Aiton) 

Hassk 

Leaf 
Mycobacterium 

smegmatis 

Strong 

inhibition on 

quorum sensing. 

Substantial biofilm 

completely reduction, 

35% biofilm removal. 

0.24–7.

81 

mg/mL 

[157] 
Ethanol extracts — 

Boesenbergia 

pandurata 

(Roxb.) Schltr 

Rhizome M. smegmatis — 

1/2 

MIC 

(7.81 

mg/mL

) 

Aqueous 

extracts 
— 

Azadirachta 

indica 

A. Juss. 

Leaf M. smegmatis — 
5 % 

(m/v) 

Methanol 

extracts 
— 

Marsdenia 

tinctoria R. 

Br. 

Fruits K. Pneumoniae — 

Biofilm formation of 

K. Pneumoniae 

Significant decline in 

the biofilm. 

0.06 

mg/mL 
[158] 

Aqueous 

extracts 
— 

Commiphora 

leptophloeos 

(Mart.) J.B. 

Stem bark 
S. Epidermidis 

ATCC 35984 
— 

Inhibited the adhesions 

(> 80%). 

4.0 

mg/mL 
[159] 
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Gillett 

Aqueous 

extracts 

Bauhinia 

acuruana 

(Moric) 

Branches 
Biofilm inhibition: 81.7 

± 3.7% 

Aqueous 

extracts 

Bauhinia 

acuruana 

(Moric) 

Fruits 
Biofilm inhibition: 77.8 

± 5.0% 

Aqueous 

extracts 

Pityrocarpa 

moniliformis 
Leaves 

Biofilm inhibition: 77.0 

± 0.7% 

Extracts70% 

(v/v) 

ethanol/distilled 

water 

— S. Brasiliensis Stem-bark 
P. Aeruginosa and 

S. Aureus 
— 

Strong antibiofilm 

activity. 

MICs: 

S. 

Aureus 

(0.063 

µL/µL)

; P. 

Aerugi

nosa 

(0.004 

µL/µL) 

[160] 

Extracts 

(CH2Cl2 

⁄MeOH, 1: 1) 

A flavouring agent contained 

the oils.  

Rosmarinus 

officinalis L. 
— L. Monocytogenes — 

Percentage inhibition 

values of > 50%. 

1 

mg/mL 
[161] 

Extracts 

(CH2Cl2 

⁄MeOH, 1: 1) 

A flavouring agent contained 

the oils. 

Mentha 

piperita L. 
— L. Monocytogenes — 

Percentage inhibition 

values of > 50%. 

1 

mg/mL 
[161] 
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Extracts 

(CH2Cl2 

⁄MeOH, 1: 1) 

A flavouring agent contained 

the oils. 

Melaleuca 

alternifolia 
— L. Monocytogenes — 

Percentage inhibition 

values of > 50%. 

1 

mg/mL 
[161] 

Rokumigan, 

Kampo 

medicine 

— 

Rehmanniaglu

tinosa 

Liboschitz var. 

Purpurea 

Makino, 

Dioscoreabata

tas Decaisne, 

cornusofficina

lissieboldet 

Zuccarini, 

Poriacocos 

Wolf, 

paeoniasuffrut

icosaandrews, 

Alismaoriental

e Juzepczuk 

Root 

(Rehmanni

aglutinosa 

Liboschitz 

var). 

Purpurea 

Makino, 

Tuber 

(Dioscorea

batatas 

Decaisne, 

cornusoffic

inalissiebo

ldet 

Zuccarini), 

root cortex 

(paeoniasu

ffruticosaa

ndrews), 

root 

Alismaorie

ntale 

Juzepczuk 

F. Nucleatum — 

Suppressed 

significantly the 

formation. 

Of biofilm by F. 

Nucleatum 

(>50%inhibition). 

≥ 100 

µg/ mL 

(100-40

0μg/m

L) 

[162] 

50 or 95% — Camellia Leaves S. mutans ATCC Decrease the Inhibited the cell 0.5% [163] 
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Ethanol extracts sinensis (L.) 

Kuntze 

(Theaceae) 

25175 activity of 

Glucosyltransfer

ase significantly. 

adhesion by 

78.7%. 

50 or 95% 

Ethanol extracts 
— 

Harrisonia 

perforata 

(Lour.) Merr. 

(Simaroubacea

e) 

Twigs 
S. mutans ATCC 

25175 

Decrease the 

activity of 

Glucosyltransfer

ase significantly. 

Inhibited the cell 

adhesion by 

more than 50%. 

0.4% [163] 
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Abatract 

The antifungal natural agents against four common dermatophytosis dermatophytes 

(Epidermophyton floccosum, Trichophyton mentagrophytes, T. tonsurans and T. rubrum) 

will be introduced in details. These natural products are including 61 active compounds 

and extracts. The compounds were classified into nine categories according to their 

chemical structures, which are coumarin, lignan, terpenoid, saponin, quinone, alkaloid, 

flavonoid, phenyl derivatives and others. Related pharmaceutical approach and extraction 

method of antifungal natural agents for tinea pedis will be discussed for future 

application. 



87 
 

1. Introduction 

Dermatophytes, namely Hong Kong foot, or athlete’s foot, is a common skin tinea 

disease that causes various discomforts in the affected areas. It was first described by 

Pellizari in 1882 [1]. Tinea pedis is not a life-threatening disease, but the life quality of 

infected person can be impacted severely. It’s worth noting that tinea pedis can be 

developed into serious secondary infections when immune system is suppressed or 

destructed by diseases or some treatments such as AIDS and immunosuppressive drugs 

[2]. Generally, adults are not prone group of tinea pedis resulting from enhanced ability 

of defensing fungal infection of triglycerides in the sebum generated following puberty. 

But postmenopausal woman is easy to develop tinea pedis than other adults because of 

reduction of triglycerides [3].  

The infected sites of tinea pedis are usually human feet. About 15%-20% of people 

are troubled by tinea pedis around world [4]. Tinea pedis is mainly caused by three 

filamentous genera of fungi such as Microsporum, Trichophyton and Epidermophyton [5]. 

According to the infection characteristics, dermatophytes are classified into three 

categories: anthropophilic, zoophilic and geophilic [6]. They could be spread from human, 

animals and soil. In this review, we focused on anthropophilic category strains of 

dermatophytes, \which mainly infect humans with animals rarely being affected.  

The treatments for tinea pedis have evolved over time. In early time, patients chose 

plant extract or mineral to cure tinea pedis. The first traditional Chinese medicine 

monograph on surgery “Liu Juanzi Gui Yi Fang”, written by Gong Qingxuan about 499 

AD, has described the treatment method using the mixture cream of mercury, aluminite, 

Fructus cnidii and Coptis chinensis [7]. 



88 
 

In 1930s thallium acetate was used to treat tinea pedis in some countries [8], but it 

caused adverse effects including hepatitis and peripheral neuritis. Before and during 

World War II, some synthetic fatty acid compounds, such as propionic acid preparations, 

copper oleate, salicylanilide undecylanic acid salts and Whitfield’s ointment, achieved 

varying degrees of therapeutic on tinea pedis [9-11]. 

The first breakout of anti-dermatophytic drug, griseofulvin, was first isolated from 

the fungus Penicillium griseofulvum Direck in 1939 [12]. Its antifungal activity was not 

known until the late 50’s Gentles and Blank reported the success treatment of 

dermatophytosis with orally administered griseofulvin [13, 14]. The mechanism of 

griseofulvin is obstructing the structure of the mitotic spindle structure and restraining 

cell division at the metaphase stage. Griseofulvin also can inhibit the synthesis of nucleic 

acid and antagonizing chitin in the cell wall of fungi [4]. Griseofulvin had been antifungal 

agent available for the treatment of tinea pedis for many years. But the resistance and 

toxicities of this drug always are noteworthy problems [15].  

Tolnaftate is a synthetic thiocarbamate used as an anti-dermatophytes agent since 

1964 [16, 17]. Tolnaftate inhibits sterol biosynthesis at level of squalene epoxidation, 

which is necessary for dermatophytes growing [18]. 

Ketoconazole is also a common agent for tinea pedis, which exhibits broad spectrum 

fungicidal effect on dermatophytes. It disturbs the synthetic pathway of ergosterol which 

is important for formation of cellular membrane. As a result, ketoconazole affects 

synthesis of ergosterol. Fluconazole is another commonly used antifungal drug with 

similar mechanism of action as ketoconazole [19].  
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Terbinafine is a fungicidal agent curing tinea pedis. The fungicidal mechanism of 

action terbinafine results from blocking the formation of ergosterol by inhibiting squalene 

epoxidase [20]. Fungicidal drugs like terbinafine are commonly used during treatment 

compared with fungistatic azoles (miconazole, clotrimazole and ketoconazole) due to 

high cure rate and short-term therapy [21].  

 

 

 

 

 

 

 

 

Figure 1.2 Chemical structures of anti-dermatophytic medicines used in clinical practice. 

 

In recent years, dermatophytes showed more and more drug-resistance [22-25]. It is 

urgent to develope new antifungal drugs with low toxicity and high sensitivity. Natural 

compounds from plants and microorganisms are always the most important sources of 

antifungal agents [26]. In this review, we will report the compounds and essential oils 

with anti-dermatophytic activities from plants, microorganisms and animal. 

 

2. Natural products with antifungal effects 

In this review, active compounds, essential oils and extracts are introduced 
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respectively. Active compounds are classified into 9 categories according to their 

chemical structures including coumarin, lignan, terpenoid and sterol, saponin, quinone, 

alkaloid, flavonoid, phenyl derivatives and others. 

2.1. Coumarin 

Coumarin is a class of chemicals with the basic structure of C6-C3 units 

(2H-1-benzopyran-2-one). Generally, heterocyclic ring is oxygenated at C-7. Families 

Umbelliferae, Rutaceae, Leguminosae and Compositae are the most common source of 

coumarin [27]. 

Mercer et al. [28] investigated a prodrug approach to promote the delivery of 

coumarin at the site of infection. This new approach was proved by a comparison of 

antifungal activity between coumarin (esculetin) (1) and coumarin glycoside (esculin) 

(Figure 1.3). The antifungal activity of esculetin (MIC = 89.07-178.14 μg/mL) against T. 

tonsurans, T. rubrum and T. mentagrophytes was notably better than esculin. In addition, 

two additional coumarins, daphnetin (2) (MIC = 22.27-89.07 μg/mL) and fraxetin (3) 

(MIC = 26.02-104.09 μg/mL), were tested in this experiment, and they even showed 

better activity than esculetin. The antifungal activity difference revealed that a coumarin 

converting to its glycoside would cause reduced/no the antifungal activity of coumarin, 

and the position of hydroxyl groups on the benzene ring would affect the activity of a 

coumarin.  

By spectrometric methods and phytochemical approaches, a dihydroisocoumarin 

was isolated from Xyris pterygoblephara [29]. The antifungal activity of 

(3R,4R)-(-)-6-methoxy-3,4-dihydro-3-n-pentil-4-acethoxy-1H-2-benzopyran-1-one (4) 

was assessed using the agar diffusion and microdilution assays. And the result of this 
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compound against E. floccosum, T. mentagrophytes and T. rubrum presented similar 

inhibition zone to amphotericin B (the positive control). 

 

 

 

 

 

 

 

 

Figure 1.3 Chemical structures of representative antifungal coumarins. 

 

2.2. Lignan 

The basic structure of lignan is oxidative dimerization of two phenylpropanoid units 

[30].  

Two lignans, magnolol (5) and honokiol (6) were isolated from the barks of 

Magnolia obovata (Figure 1.4) [31]. Both of them showed significant antifungal activity 

against E. floccosum and T. mentagrophytes. The MIC of honokiol was 25μg/mL against 

E. floccosum and T. mentagrophytes, while the MIC of positive control (itraconazole and 

clotrimazole) was in the range of 0.03-4.88 μg/mL. Honokiol had higher antifungal 

activity (MIC = 25 μg/mL) against T. mentagrophytes than magnolol, which indicated 

that the position of hydroxyl group on aromatic ring influenced its antifungal effect. 
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Attaurrahman et al. [32] evaluated the bioactivity and chemical structure of two 

lignans, 4'-O-demethyldehydropodophyllotoxin (7) and picropodophyllone (8), from the 

leaves of Podophyllum hexandrum. The growth inhibition for E. floccosum caused by two 

lignans was measured at the concentration 2.5 mg/mL using the agar diffusion method. 

 

 

 

 

 

 

 

 

 

Figure 1.4 Chemical structures of representative antifungal lignans. 

 

2.3. Terpenoid and sterol 

 This review will introduce 3 sterols and 19 terpenoids, including 2 monoterpenoids, 

9 sesquiterpenoids and 8 triterpenoids. Terpenoid contributes over 40,000 metabolites of 

plants, which is the largest class of plant metabolites. The majority of them are the 

combination of 16 isoprene units [33]. 

From the Ageratina pichinchensis var. bustamenta (a kind of folk medicine in 

Mexico), taraxerol (9), (+)-β-eudesmol (10) were obtained using n-hexane extraction 

(Figure 1.5) [34]. Taraxerol was an antifungal triterpenoid with MIC at 12.5 μg/mL 
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against T. rubrum and T. mentagrophytes, while (+)-β-eudesmol with MIC of 25 μg/mL 

presented weaker antifungal effect than taraxerol. It is noted that after transformation of 

the double bond in (+)-β-eudesmol to an epoxide function in compound 

4α,15-epoxyeudesm-11-ol (11) (MIC = 50 μg/mL) and oxidation of the compound to its 

corresponding ketone 11-hydroxy-15-noreudesm-4-one (12) (MIC > 100 μg/mL), the two 

derivatives showed much weaker antifungal effect than (+)-β-eudesmol, indicating that 

the double bond is an important functional group for the antifungal activity of 

(+)-β-eudesmol. 

Two sesquiterpene dialdehydes, polygodial (13), isopolygodial drimenol (14), and a 

related alcohol (drimenol) (15) were found in the dichloromethane extracts of the leaves 

of Polygonum acuminatum Kunth (Persicaria section). Polygodial exhibited strong 

antifungal activity against T. rubrum and T. mentagrophytes (MICs: 7.8 μg/mL), while 

isopolygodial showed weaker effect (MIC: 62.5 μg/mL) against the dermatophytes. This 

result demonstrated that the aldehyde function at C-9β makes polygodial more active than 

isopolygodial [35-36]. Drimenol and the semisynthetic isodrimenol (16) also presented 

weaker activity (MIC = 62.5-250 μg/mL) than polygodial, which further indicated that an 

aldehyde functional group at C-9β plays an important role in the antifungal activity. 

However, Derita et al. [37] gave a different result of MIC values of polygodial and 

isodrimenol. In this test, the MICs of these four compounds were 62.5 μg/mL, and the 

MFCs (minimum fungicidal concentration) of them were 125 μg/mL. 

The sesquiterpene alcohol (α-bisabolol) (17) was derived from the essential oils of 

several plants, such as Chamomilla sp., Chrysothamnus nauseosus, and Arnica longifolia, 

Aster esperius [38]. The antifungal effects against T. mentagrophytes, T. rubrum, T. 
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tonsurans and E. floccosum, of α-bisabolol were evaluated, and the compound showed 

approximately 70% inhibition against T. mentagrophytes, T. tonsurans and 30% 

inhibition against T. rubrum and E. floccosum at 200 μg/mL.  

Five applanoxidic acids (18-22) and three sterols (23-25) were isolated from 

Ganoderma Applanatum and G. austral [39]. Only the applanoxidic acids (18) showed 

moderate antifungal effect against T. mentagrophytes (MIC > 0.5 mg/mL), and other 7 

compounds (19-25) only showed weak antifungal activity (MIC > 1.0 mg/mL). 

Artemisinin isolated from Artemisia annua is a well-known antimalarial drug from 

China. A. annua is originated from china. From this plant, artemisinic acid was isolated 

(26). Goswami et al. [40] found that artemisinic acid presented antifungal activity against 

E. floccosum. But the MIC of artemisinic acid was not determined. 

One remarkable antifungal triterpenoid (oleanolic acid) (27) was derived from 

Syzygium aromaticum (Cloves) [41]. Oleanolic acid even exhibited higher antifungal 

activity against T. tonsurans with an MIC value of 1.25 ng/mL which was more active 

than the positive control fluoconazole. This study revealed that oleanolic acid is a 

potential antifungal natural agent and needs further investigation. Habila et al. also 

reported the antifungal ability of 3β-acetoxy-oleanolic acid (28), which was a derivative 

modified with an acetyl group on the C-3 position of oleanolic acid. 3β-acetoxy-oleanolic 

acid showed stronger antifungal effect (MIC = 0.63×103 μg/mL) on T. tonsurans than 

oleanolic acid, which indicates that the acetyl group on the C-3 position may improve the 

antifungal activity. 

The epoxy terpenoid, clemateol (29), obtained from the essential oil from Calea 

clematidea exhibited weak antifungal effect against T. rubrum, T. mentagrophytes and E. 
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floccosum with MICs in the range from 1.52 to 6.06 mg/mL [42]. And after basic 

hydrolysis, the compound (30) showed better antifungal effect than clemateol. 

2.4. Saponin 

Saponin is based on the skeletons of triterpene or steroid precursors with glycosyl 

residues attached. Traditionally, saponins are classified into two categories: triterpene and 

steroid glycosides, according to the carbon skeleton. The sources of saponins are various 

and extensive. More and more attentions have been attracted by saponins due to their  

remarkable biological activities [43].  

A mixture of two steroid saponins (31-32) obtained from the underground portion of 

Allium ursinum L. was active against T. mentagrophytes at 400 μg/mL. Sobolewska et al. 

(Figure 1.6) [44] pointed that this weak inhibitory effect on fungi resulted from relatively 

long sugar chain. The analogue of (25R)-spirost-5-en-3b-ol tetrasaccharide with shorter 

sugar chain presented stronger inhibitory effect on Candida [45].  
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Figure 1.5 Chemical structures of representative antifungal terpenoids and sterols. 

 

Saponin-rich extracts of Medicago sativa L. contained 6 triterpene saponins (4

 medicagenic acid saponins, 1 hederagenin saponins and 1 soyasapogenol saponins)

 [2]. The extracts of M. sativa roots and M. sativa aerial parts, along with one of

 3-O-β-D-glucopyranoside medicagenates (33) all inhibited T. tonsurans (MICs <0.

0625 mg/mL), which were regarded as potent antifungal agents. Other three bides

mosidic glycosides of medicagenic acid, (3-O-β-D-glucopyranosyl, 28-O-β-D-glucopy

ranoside medicagenate (34), 3-O-[-β-D-glucopyranosyl],28-O-[β-D-xylopyranosyl(1→4)

-α-L-rhamnopyranosyl(1→2)-α-L-arabinopyranoside] medicagenate (35) and 3-O-[β-D-
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glucuronopyranosyl],28-O-[β-D-xylopyranosyl (1→4)-α-L-rhamnopyranosyl (1→2)-α-L

-arabinopyranoside] medicagenate (36) with MICs of 0.25mg/mL were found to pr

esent weaker antifungal activity than 3-O-β–D-glucopyranoside medicagenate that is

 a monodesmosidic compound. The difference of the antimycotic activity indicated

 that these monodesmosidic compounds appeared to be more active than the bisde

smosidic compounds. Since the parent aglycone is different, 3-O-[α-L-arabinopyrano

syl(1→2)-β-D-glucopyranosyl(1→2)-α-L-arabinopyranoside] hederagenin (37) and 3-O

-[α-L-rhamnopyranosyl(1→2)-β-D-galactopyranosyl(1→2)-β-D-glucopyranoside) soyasa

pogenol B (38) were not effective (MIC > 1.0mg/mL) as the medicagenic acid sa

ponins. 
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Figure 1.6 Chemical structures of representative antifungal saponins. 

 

2.5. Alkaloid 

Alkaloid is a group of natural compounds containing nitrogen atoms.   

The polycyclic alkaloid, meridine (39), was purified from the sponge Corticium sp. 

(Figure 1.7) [46]. Meridine strongly inhibited T. mentagrophytes (MIC = 6.2 μg/mL) and 

E. floccosum (MIC = 1.6 μg/mL). The mechanism of action of this agent had shown the 

inhibition of nucleic acid biosynthesis. 

A common natural alkaloid, berberine (40), was also tested in a susceptibility test of 

E. floccosum, T. mentagrophytes and T. rubrum. Finally, berberin isolated from Berberis 
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heterophylla showed a significant effect on these three fungi with MIC in range of 

12.5~25 μg/mL [47]. 

 

 

 

 

 

Figure 1.7 Chemical structures of representative antifungal alkaloids. 

 

2.6. Flavonoid 

Flavonoid is a class of polyphenolic substances. Generally, the basic skeleton of 

flavonoid is formed by two phenyl rings and a heterocyclic ring [48]. It presented various 

biological activities.  

Fisetin (41) obtained from the xylem sap of Hymenaea courbaril L (jatoba), which 

was investigated in in vitro antifungal activity against T. tonsurans T. rubrum and T. 

mentagrophytes (Figure 1.8) [5]. Fisetin exhibited significant antifungal activity against 

T. rubrum (MIC = 32 μg/mL) and T. mentagrophytes (MIC = 64 μg/mL) and moderate 

effect against T. tonsurans (MIC = 128 μg/mL). Also fisetin presented higher activity and 

lower cytotoxicity than the fresh xylem sap. 

4’-Methoxy flavone (42) was obtained from the seeds of Psoralea corylifolia [49]. It 

showed different degrees of antifungal activity against T. rubrum (MIC = 62.5 μg/mL), T. 

mentagrophytes (MIC = 62.5 μg/mL) and E. floccosum (MIC = 125 μg/mL) by the disc 

diffusion method on a Sabouraud dextrose agar. 
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Figure 1.8 Chemical structures of representative antifungal flavonoids. 

 

2.7. Quinone 

An anthraquinone from the Streptomyces sp. isolate ERI-26 (bacteria) was 

investigated for its antimycotic activity against T. mentagrophytes, T. rubrum and E. 

floccosum for the first time [50]. The compound 1,5,7-trihydroxy-3-hydroxy methyl 

anthraquinone (43) showed a considerable antifungal effects against E. floccosum and T. 

rubrum with the MIC value of 62.5 μg/mL, but presented a moderate effect against T. 

mentagrophytes with the MIC value of 250 μg/mL (Figure 1.9). 

 

 

 

 

Figure 1.9 Chemical structure of representative antifungal quinone. 

 

2.8. Phenyl derivatives 
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Espeletone (44) was obtained from the n-hexane extracts of Eupatorium 

aschenborniana (Figure 1.10). Espeletone possessed moderate inhibitory effects on the 

growth of T. mentagrophytes and T. rubrum  [51].  

A chromene, namely encecalin (45), was purified from the n-hexane extract of 

Ageratina pichinchensis var. bustamenta, which is a Mexican medicinal plant [34]. 

Encecalin exhibited a significant antifungal activity against T. rubrum (MIC = 6.2 μg/mL) 

and T. mentagrophytes (MIC = 12.5 μg/mL). 

Through a bioassay-guided isolation from Eupatorium aschenborniana, an 

analogical chromene, encecalinol (46), exhibited similar activity with encecalin except 

slightly weaker antifungal capability against T. rubrum than encecalin (MIC = 12.5 

μg/mL). Also two new benzofurane compounds were isolated from this plant, namely 

5-acetyl-3β-angeloyloxy-2β-(1-hydroxyisopropyl)-6-methoxy-2,3-dihydrobenzofurane 

(47) and 5-acetyl-3β-angeloyloxy-2β-(1-hydroxyisopropyl)-2,3-dihydrobenzofurane (48) 

[51]. The later benzofurane compound (MIC = 50 μg/mL) showed higher inhibitory 

effect than the first benzofurane compound (MICs: 100-200 μg/mL). Comparing the 

activity of these four compounds, it is can be inferred that the chromene is more active 

than the benzofuranes against T. rubrum and T. mentagrophytes. 

Oh et al. [52] investigated antifungal activities and chemical structure of a novel 

bromophenol isolated from the red alga Odonthalia corymbifera. The in vitro antifungal 

ability against T. mentagrophytes and T. rubrum of the natural bromophenol, 

4-(2-aminoethyl)-2,6-dibromophenol (49), was moderate (MIC > 100 μg/mL), while their 

synthesized derivatives (50-54) presented higher antifungal activity (MICs: 1.56-50 

μg/mL), especially 2,3-dibromo-4,5-dihydroxybenzylmethyl ether (51) (MIC = 12.5 
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μg/mL) and 2,2',3,3'-tetrabromo-4,4',5,5'-tetrahydroxydiphenylmethane (52) (MIC = 1.56 

μg/mL). The results indicated that the diphenolic backbone and the presence of one or 

more bromines on the phenol ring could affect antifungal activity. 

Two phenolic compounds, 4-O-β-D-(6-O-gentisoylglucopyranosyl) vanillic acid (55) 

and 2-O-β-D-(6-ogentisoylglucopyranosyl) gentisic acid (56), were first obtained from the 

fern Stenoloma chusanum (L.) Ching (Figure 1.10) [53]. S. chusanum is a folk medicine 

originated from China. Only vanillic acid could effectively inhibit T. rubrum, T. 

mentagrophytes and E. floccosum (MICs: 50-100 μg/mL), while gentisic acid showed no 

effect on these fungi. After hydroxylation of these two compounds, vanillic acid (57) 

showed higher inhibitory effect (MIC = 25 μg/mL) against E. floccosum than its 

glycosides and gentisic acid (58) showed significant antifungal effects against T. rubrum, 

T. mentagrophytes and E. floccosum (MICs: 50-100 μg/mL). The result demonstrated that 

simple phenolic compounds were found to have higher fungitoxic activity than their 

corresponding glycosides. 

 

 

 

 

 

 

 

 

Figure 1.10 Chemical structures of representative antifungal phenyl derivatives. 
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2.9. Others 

Identification and characterization of a diyne-furan fatty acid EV-086 (59) were reported 

from a plant in the literature (Figure 1.11). Diyne-furan fatty acid EV-086 was isolated from 

Anarrhinum bellidifolium. This antifungal capability of this fatty acid was also evalutated 

against against T. mentagrophytes and T. rubrum [54]. Diyne-furan fatty acid EV-086 showed 

considerably strong activity (MIC = 4 ng/mL). The result indicated that it was a valid 

antimycotic target for T. rubrum and T. mentagrophytes. 

A proline-rich cyclopeptide was isolated from the roots of Gypsophila Arabica [55]. The 

compound, gypsin B7 (60), displayed potential antifungal ability against T. rubrum (MIC = 

6.25 μg/mL), which showed the same effect as the positive control griseofulvin. The 

researchers also indicated that gypsin B7 can be synthesized. 

Isolation of the chloroform-methanol (1:1) extract of Eupenicillium shearii IFM54447 

(fungi) yielded a new 24-membered macrolide named eushearilide (61), which showed 

inhibitory effects on the growth of T. tonsurans, T. mentagrophytes and T. rubrum using the 

agar diffusion method. Hosoe et al. [56] found that eushearilide contained a choline 

phosphate ester moiety and non-conjugated diene according to the complete analysis of the 

IR, NMR, UV and MS spectral data. 

A phenazine-like compound was obtained from a bacteria strain, Pseudomonas 

chlororaphis isolate S105. Dermatophytes such as E. floccosum, T. mentagrophytes, T. 

rubrum and T. tonsurans can be restrained by 88.5%, 73.6%, 97.9% and 87.1%, respectively 

[57]. The P. chlororaphis culture supernatant had higher inhibition against all the tinea pedis 

dermatophytes than the phenazine-like compound. 
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Figure 1.11 Chemical structures of representative antifungal other compounds. 

2.10 Extracts and essential oils 

Plant extracts especially essential oils occupied a huge part of natural antifungal agents 

against tinea pedis. There are two unique advantages of essential oils: firstly, they have high 

safety for the use in patients; secondly, they present low risk for fungi to develop resistance 

to the essential oils [58]. The activity of an essential oil can be reasonably attributed to the 

major or most dominant compounds, and the interaction of these compounds in the essential 

oils [59]. Most of essential oils contain various monoterpenes and phenolic compounds, 

which are often responsible for the antimycotic effect on fungi that causes tinea pedis. The 

MICs of most of the essential oils generally show higher activity than the positive control. 

Khosarvi et al. investigated anti-dermatophytic properities of nine plant essential oils, 

including those from Nigella sativa, Rosmarinus officinalis, Heracleum persicum, 

Foeniculum vulgare, Menta spicata, Artemisia sieberi, Cuminum cyminum, Ziziphora 

clinopodioides and Zataria multiflora. All the essential oils showed activities against E. 

floccosum (No. 19), T. rubrum (No. 29) and T. mentagrophytes (No. 32) with MICs in the 
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range of 0.25-4 mg/mL and with MFC in the range of 0.5-8 mg/mL. The most significant 

activity was observed with A. sieberi [60]. 

The antimycotic activities of the bergamot natural essence and its distilled extracts and 

furocoumarin-free extracts on dermatophytes such as E. floccosum, T. rubrum, T. tonsurans 

and T. mentagrophytes were studied. MICs against all the strains (v/v) were evaluated for the 

furocoumarin-free extract (0.08% to 1.25%), distilled extract (0.02% to 1.25%) and natural 

essence (0.156% to 2.5%) [25].  

The essential oil of Otanthus maritimus (L.) Hoffmanns. & Link showed significant 

antifunal activity against several dermatophyte strains including E. floccosum FF9, T. 

mentagrophytes FF7 and T. rubrum CECT 2794. Their MIC (v/v) values were determined as 

0.16 µL/mL and the MLCs (minimal lethal concentration) were ranging from 0.32 to 0.64 

µL/mL. O. maritimus oil contains 40.4-57.2% chrysanthenone, 12.2-15.5% filifolone, 

10.1-12.2% cischrysantenyl acetate and 6.7-7.2% α-pinene. Likewise, the essential oil 

showed no cytotoxicity in this study [61].  

Patra et al. found that essential oils of Foeniculum vulgare showed significant activities 

against nail-infective fungi, E. floccosum, T. mentagrophytes, T. rubrum and T. tonsurans at 

the concentrations of 0.2, 0.6, 0.5 and 0.4 µL/mL, separetly. After 48 months of storage under 

the temperature of up to 80°C, there was no decrease of antifungal effects. Additionally, there 

were no toxic effects on the cells of mammalian skin exhibited by the essential oil of up to 

5% concentration. The oil also exhibited a wide range of mycocidal activity, restraining the 

hyphal growth of other fungi [62].  

Zeng et al. also investigated the antifungal effects fennel oil (Foeniculum vulgare L.), 

and further studied the mechanism of the oil against 3 fungal strains. The results revealed that 

the oil had strong antifungal activities against T. Tonsurans, T. mentagrophytes and T. rubrum, 

which exhibited better antifungal effect than the common antifungal drug amphotericin B and 
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fluconazole. The antifungal mechanism of the fennel essential oil was also investigated by 

transmission electron microscopy experiments and flow cytometry. The results showed that 

the inhibition effect was caused by damage of the intracellular organelles and plasma 

membrane. The activities of mitochondrial enzyme such as succinate dehydrogenase, malate 

dehydrogenase and ATPase could be inhibited by fennel essential oil [58].  

Oil of Melaleuca alternifolia, namely tea-tree oil exhibited antifungal activity against 58 

strains of the clinical isolated fungi. Currently, tea-tree oil is a frequently-used antimicrobial 

agent in medical treatment. The researchers found that 8 strains of T. rubrum, 9 strains of T. 

mentagrophytes, 2 strains of E. floccosum and 10 strains of T. tonsurans exhibited high 

susceptibility to tea-tree oil [63].  

There are 16 strains of antagonistic bacteria isolated form the soil samples of Iran, which 

were identified as the genera Bacillus, Pseudomonas, Acinetobacter and Streptomyces using 

16S rRNA sequence analysis. The inhibitory effect of these bacteria was evaluated aiming at 

dermatophytes. They showed activities against dermatophytes of two genera Epidermophyton 

(E. floccosum) and Trichophyton (T. mentagrophytes, T. rubrum and T. tonsurans) by using 

visual plate agar assay method. Among them, a strain of Pseudomonas chlororaphis isolate 

S105 was the strongest antagonistic bacterium with growth inhibition from 66.6 % to 99.8% 

to the dermatophytes in this study [57].  

The antifungal activities of Juniperus turbinata and J. communis ssp. alpina, J. 

oxycedrus essential oils were determined. The major componets of the essential oils was 

determined by GC and GC/MS analysis. The tested dermatophyte strains (E. floccosum, T. 

mentagrophytes and T. rubrum) were inhibited by all the essential oils. The oil extracted from 

the leaves of J. oxycedrus ssp. oxycedrus showed strongest activity, with the MIC and MFC 

values of 0.08–0.16 μL/mL. In addtion, it is shown that 5.5% α-pinene and 5.7% δ-3-carene 

exist in this oil [64]. 
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The Ocimum gratissimum L. collected from Togo prepared using steam-distilled. The 

essential oil composition was identified by GC and GC/MS technique, and result shows that 

31.24% Thymol, 15.57 % p-cymene, 12.34% γ-terpinene were the major constitutes of the 

essential oil. The in vitro antifungals assay for O. gratissimum oil was conducted in this study. 

The assay was recorded with the MICs in the range of 80-150 μL/L on the dermatophytes (T. 

mentagrophytes, T. rubrum and E. floccosum). Likewise, the MFC (minimum fungicidal 

concentration) against dermatophytes varied from 300 μL/L to 350 μL/L [65].  

Goncalves et al. investigated the essential oils of Seseli montanum subsp. peixotoanum 

(Samp.) M. Lainz and S. tortuosum L. from Portugal. They found the oils have antifungal 

capabilities against E. floccosum, T. mentagrophytes and T. rubrum  with the MICs range 

from 0.64 to 2.5 μL/mL [66].  

The chemical composition essential oil of Daucus carota subsp. halophilus was studied 

using GC and GC-MS analysis. Two samples of Daucus carota were collected during the 

period of flowering umbels (sample 1) and ripe umbel (sample 2). The antifungal activity of 

D. carota oils were tested on E. floccosum, T. mentagrophytes and T. rubrum, and sample 1 

exhibited better antifungal effect than sample 2. They reported that the high content of 

elemicin in sample 1 can enhance the antifungal ability of the oil, and there was no cytotoxic 

effect shown at the concentrations ranging from 0.16 to 0.64 µL/mL for about 24h testing 

period [67].  

The essential oil of Vitex agnus-castus L. grown in Italy was studied for their antifungal 

activity against the dermatophytes and their chemical composition. Antifungal effect of the 

leaf essential oil was the strongest, with the MIC values of 0.64 µL/mL for T. rubrum and E. 

floccosum and 1.25 µL/mL for T. mentagrophytes. GC/MS result showed that 1,8-cineole, 

sabinene, α-terpinyl acetate, α-pinene, (E)-β-farnesene, (E)-caryophyllene, manool, 

bicyclogermacrene and spathulenol are the main components in the extracts of all plant 
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organs [68].  

The inhibitory effect of essential oils from Syzygium aromaticum L. Merr. Et Perry and 

Leptospermum petersonii Bailey on the dermatophytes E. floccosum (KCCM 11667), T. 

rubrum (KCCM 60443) and T. mentagrophytes (KCTC 6077) were tested by the agar 

diffusion assay. S. aromaticum oil presented over 80% inhibition against the tested fungal 

strains at 0.2 mg/mL. Clove oil shows strong inhibitory effect on the hyphal growth of T. 

mentagrophytes and T. rubrum at 0.2 mg/mL. Eugenol was the strongest active component in 

the clove oil to inhibit the growth of T. mentagrophytes. Morphological changes (disruption 

to the expansion of the endoplasmic reticulum and destruction to the cellular wall and 

membrane) in the hyphae of T. mentagrophytes were observed using transmission electron 

microscopy after administration with 0.11 mg/mL eugenol. All of the dermatophytes tested 

except T. rubrum were sensitive to L. petersonii oil with more than 90% inhibition at 0.2 

mg/mL. And geranial was reported to be the strongest antifungal component of L. petersonii 

oil [69].  

Marongiu et al. found that the main components of Smyrnium olusatrum L. essential oils 

from Portugal and Italy were different. But Portuguese and Italian essential oils both contain 

α-pinene (31.9% vs. 1.2%) and β-phellandrene (67.3% vs. 42.7%). The oils presented 

inhibitory effects on the growth of E. floccosum, T. mentagrophytes and T. rubrum with an 

MIC value of 0.32 µL/mL [70].  

The essential oils extracted from the leaves and flowers of Calea clematidea 

Bakeristillati were collected, and their chemical composition was identified by GC and 

GC/MS. The antifungal effects of the oils were evaluated in this study. A new natural epoxy 

terpenoid, clemateol, exists in the essential oil of the leaves, while thymol methyl ether is the 

major componets in the essential oil of the flowers (80%). The oil of the leaves exhibited 

moderate antifungal effect on E. floccosum, T. tonsurans, T. menthagrophytes var i 
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nterdigitale and T. rubrum [42].  

The essential oils of Baccharis semiserrata and B. uncinella from Southern Brazil were 

studied for their antifungal activity. Baccharis uncinella oil actively inhibited T. 

mentagrophytes. Both the leaf and twig essential oils from B. semiserrata showed inhibitory 

effects against E. floccosum and T. mentagrophytes. It was found that T. rubrum could be 

inhibited by semiserrata leaf essential oil [71].  

Seseli containing numerous species played play a significant role in traditional herbs 

since ancient times. It is shown that E. floccosum and T. mentagrophytes were inhibited by 

the essential oil of Seseli annuum wild-growing in Serbia with the MICs of 25 and 12.5 

µL/mL, respectively [72].  

Apium graveolens L. (wild celery) often serves as seasoning in people's diets. Marongiu 

et al. investigated the antifungal activities of the volatile fractions of A. graveolens from Italy 

and Portugal, respectively. The oil from Italy had high content of neophytadiene and present 

stronger antifungal activity than the oil from Portugal against E. floccosum, T. 

mentagrophytes and T. rubrum with the MIC values of 0.040.64 µL/mL [73].  

The main components of Macleaya cordata (Willd) R. Br, a traditional herb against 

malignant sore and skin disease, were alkaloids. Macleaya cordata alkaloids had significant 

effect on these five kinds of skin fungi. The antifungal activity against five strains of five skin 

fungus of M. cordata alkaloids was determined. The MIC of T. rubrum and E. floccosum 

were 1.6 mg/mL, The MIC against T. mentagrophytes was 0.8 mg/mL [74].  

Purified phlorotannin obtained from three brown seaweeds, Fucus spiralis Linnaeus, 

Cystoseira usneoides (Linnaeus) M. Roberts and Cystoseira nodicaulis (Withering) M. 

Roberts presented antifungal activity against E. floccosum, T. mentagrophytes and T. rubrum 

with the MIC values of 3.9-31.3 mg/mL. The antifungal mechanism of the purified 

phlorotannins was investigated. Ergosterol composition of fungal cell membrane was affected 
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by the phlorotannin extracts from C. usneoides and C. nodicaulis. The levels of chitin of cell 

wall composition of the dermatophytes were reduced by the phlorotannin extracts of F. 

spiralis [75].  

Senna alata Linn is a Nigeria ornamental shrub., which is widely used in folk in the 

treatment of several skin infectious disorders. The ethanol extracts of S. alata L. leaves 

exhibited marked antifungal effects on T. mentagrophytes and E. florrcosum. The biochemical 

analysis indicated the presence of carbohydrates, saponins, tannins, anthracionones and 

alkaloids from the extract [76].  

Barlian et al. investigated the antifungal activity of green sea turtle (Chelonia mydas) 

eggshell extract. This result exhibited that 8% w/v green turtle eggshell extract could inhibit 

the growth of T. mentagrophytes, as also proven by Scanning Electron Microscopy results 

[77].  

The methanol extract of the leaves of Anogeissus accuminata showed inhibitory effects 

against T. mentagrophytes (MTCC8476) and T. rubrum (MTAA8477) (MTCC8469). The 

investigators assumed tannin and flavonoids were the bioactive constituents [78].  

Ibrahim et al. reported that 26 natural commercial essential oils showed potential 

inhibitory effects on the growth of T. rubrum, E. floccosum and T. mentagrophytes. The oils 

of Prunus armeniaca, Olea europaea, Mentha piperita and Prunus dulcis var. amara were 

the strongest antifungal agents. The mixture of these four essential oils was the most potent 

antifungal agent followed by the mixture of two-oil combined extracts and the weakest was  

pure extracted oils [79].  

The water extract of the yellow roots (Arcangelisia flava Merr) was active against T. 

rubrum [80]. The ethanol extracts of the leaves and seeds of Moringa oleifera Lam showed 

antifungal activities against E. floccosum, T. rubrum and T. mentagrophytes with the MICs 

value of 0.625-2.5 mg/mL [81].  

file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_54
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_55
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_56
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_57
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_58
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_59
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_60


111 

 

 

Shin and Lim determined the fungicidal activity of the essential oils extracted from 

several plants. The essential oils obtained from Pelargonium graveolens, Eukalyptus golbulus, 

Thymus vulgaris and Cymbopogon citratus exhibited different levels of fungicidal abilities 

against T. tonsurans, T. mentagrophytes and T. rubrum (MICs: 0.125 - 1 mg/mL)  [82].  

The essential oils extracted from the dried flowers and leaves of Myrtus communis 

showed antifungal activity against E. floccosum, M. canis and T. rubrum. Monoterpene 

derivatives are the major components of these oils: linalool (2.7 and 14.8%), linalyl acetate 

(0.5 and 9.5%), 1,8-cineole (21.9 and 13.3%), and α-pinene (50.8 and 33.6%) [83]. 

The volatile oil of Stenachaenium megapotamicum and the main constituent thymol 

showed antifungal activity, especially presenting selectivity against the filamentous fungi, 

such as E. floccosum and T. rubrum. Furthermore, the nanoemulsion containing volatile oil of 

S. megapotamicum showed significantly reduction of MIC and MFC compared with the 

activity of thymol and the pure oil [84].  

Lippia alba (Miller) N.E. Brown is a plant with aromatic flavor and has been commonly 

used in Brazilian traditional medicine. L. alba oil showed antifungal activity with MICs of 39 

and 156 mg/mL against T. rubrum and E. floccosum, respectively. Also the essential oil 

contained high content of linalool, which affected the virulence factors of dermatophytes by 

inhibiting the activity of proteases and keratinases [85].  

The ethanol extracts of the marine macroalgae, Digenea simplex (Wulfen) Agardh 

(MAC51231), Rhodophyta Hypnea musciformis (Wulfen) Lamouroux (MAC51234), 

Sargassum vulgare Agardh (MAC51236), Padina gymnospora (Kutzing) (Sonder, 

MAC51235), Phaeophyta member Dictyota dichotoma (Hudson) Lamouroux (MAC51230) 

and Ulva lactuca Linnaeus (MAC51238) (Chlorophyta) showed inhibition against fungi 

growth. Likewise, the methanol extract of H. musciformis inhibited the growth of T. rubrum, 

T. tonsurans and T. mentagrophytes (MICs: 0.031-4.0 μg/mL) [86].  
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Kuiate et al. found that the extract from the leaves of Cupressus lusitanica Mill. in 

Cameroom had antifungal properties against T. tonsurans and T. rubrum. The highest 

anti-dermatophytic activities of the extract fraction showed an MIC value at 125 µg/mL [87].  

The species from Sapindaceae family are frequently used in traditional medicine of 

many places in the world. The fruit extract of Sapindus emarginatus showed significant 

antifungal potential with the MICs at 15.6 mg/mL against dermatophyte T. rubrum, at 62.5 

mg/mL against E. floccosum [88].  

Essential oils from rosemary (Rosmarinus officinalis L.) and sage (Salvia officinalis) 

showed activity against Epidermophyton floccosum, Trichophyton mentagrophytes, T. 

tonsurans and T. rubrum [89].  

Essential oils of Callistemon lanceolatus and Cuminum cyminum showed 100% toxicity 

against T. tonsurans. The activity was sustained at the higher temperature, increased 

inoculum density and long storage period [90].  

The essential oil fraction of Angelica dahurica Bentham et Hooker f. and the main 

compound α-pinene exhibited marked inhibiting activities against Trichophyton species (T. 

rubrum, T. mentagrophytes and T. tonsurans) with the MICs between 0.12 mg/mL and 0.25 

mg/mL [91].  

Henna (Lawsonia inermis) leaf can generate an orange-red dye widely used for 

decorating hands and nails. Gozubuyuk et al. found that the henna paste showed the potent 

antifungal activity against T. rubrum, T. mentagrophytes and T. tonsurans (20 to 50 mm 

inhibition zone) [92].  

Metschnikowiaceae may show natural, strain-dependent antifungal properties, and thus 

acts as natural pesticides in the field of agriculture. Also the strain of Metschnikowia IHEM 

25107 presented inhibitory effect on T. rubrum, T. mentagrophytes and T. tonsurans [93].  

Growth inhibition of Matricatia recutita flower oil against the dermatophytes using 
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serial two-fold concentrations in the range from 2.5 to 80 mg/mL. The result revealed that the 

inhibition of T. mentagrophytes is in the range 11.40 to 96.65%, while 27.79 to 100% for T. 

rubrum and 45.73 to 100% for T. tonsurans [94].  

The following 14 compounds are found as the major constituents in various essential 

oils extracted from plants (Figure 1.12). 

Citonellol (62) and citonellal (63) have similar structures, and they differ by citonellol 

owning a hydroxy group but citonellal having an aldehyde group at the same carbon. These 

two monoterpenoids were found in the essential oils of two plants, respectively. Shin et al.[82] 

reported that there was 17.2% of citonellal in the essential oil of Pelargonium graveolens, 

which showed antifungal activity against T. rubrum, T. mentagrophytes and T. tonsurans 

with MIC values at 0.5 mg/mL. On the other hand, the essential oil of Leptospermum 

petersonii Bailey containing 21% of citonellal presented a good inhibition activity against E. 

floccosum, T. mentagrophytes and T. rubrum at 0.2 mg/mL [69]. Interestingly, both essential 

oils of P. graveolens oil and L. petersonii contained the monoterpenoid geranial at the 

concentration of 5.89% [82] and 28% [69], respectively. Geranial (64), a citronellol analog 

containing an extra double bond, showed higher antifungal activity than citonellol and 

citonellall. However, these two essential oils showed better antifungal acitivity than the 

monomers they contained. 

Thymol (65) was identified as the main components of the essential oil of six plants, 

which are Thymus vulgaris, the leaves and flowers of Stenachaenium megapotamicum, 

Nigella sativa, the aerial parts of Ocimum gratissimum L., Zataria multiflor and Ziziphora 

clinopodioides [60,65,82,84]. Thymol exhibited moderate antifungal activity against the 

dermatophytes including T. rubrum, T. mentagrophytes and T. tonsurans with MIC values at 

0.5 mg/mL [82], and against E. floccosum with an MIC value of 50 μL/L [65]. Among these 
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six essential oils, the volatile oil of S. megapotamicum presented the strongest inhibitory 

effects on the growth of T. rubrum and E. floccosum [84].  

1, 8-Cineole (66) was also a major constituent in the essential oils of seven plants, which 

are the leaves of Eukalyptus golbulus, Vitex agnus-castus L, the leaves of Myrtus communis L, 

Melaleuca alternifolia (tea-tree oil), and the aerial parts of Myrtus nivellei Batt. & Trab., 

Cuminum cyminum and Rosmarinus officinalis [63, 68, 82, 83, 89, 90]. While 1,8-cineole 

showed moderate fungicidal effects against T. tonsurans , T. mentagrophytes and T. rubrum, 

the essential oil of E. golbulus exhibited better antifungal effect than the pure 1, 8-cineole 

[82]. The essential oils of M. alternifolia, C. cyminum and R. officinalis all showed a good 

antifungal effects according to the results from the in vitro antifungal screening test [60, 63].  

The essential oils in the aerial parts of Seseli annuum and S. tortuosum L. both contained 

Z-β-ocimene (67), a monoterpenoid, presented good antifungal activity against many 

dermatophytes. The S. tortuosum oil and the S. annuum oil showed similar antifungal activity 

with the MIC and MFC at 0.64 μL/mL against E. floccosum [66, 72]. However, the S. 

tortuosum essential oil caused cytotoxic properties to human cells at the concentrations above 

0.64 μL/mL. 

The S. tortuosum oil and the essential oil obtained from Seseli montanum subsp. 

Peixotoanum both contained two other monoterpenoids, α-pinene (68) and β-pinene (69) as 

the major constituents. α-Pinene showed good antifungal activity against dermatophytes such 

as T. mentagrophytes, T. rubrum and E. floccosum, while the antifungal effect of β-pinene 

was weak [66]. The results also demonstrated that the S. tortuosum oil had better antifungal 

effects than the S. montanum oil.  

α-Pinene was also identified in the essential oil of Stachys scardica (Griseb.) Hayek by 

GC and GC–MS [95]. It is observed that the St. scardica oil showed better effect against T. 

mentagrophytes and E. floccosum than α-pinene. α-Pinene was also the main component of 

file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_63
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_61
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_39
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_42
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_45
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_51
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_45
file:///F:/HKBU-study/18-Thesis/Chapters/chapter%201/Chapter%201-part%202.doc%23_ENREF_74


115 

 

 

the antifungal essential oils or extracts from 10 plants: Cuminum cyminum, Rosmarinus 

officinalis, Baccharis uncinella D.C., leaf of B. semiserrata D.C., B. semiserrata D.C. twig, 

Vitex agnus-castus L., a fraction of the hexanic leaf extract of Cupressus lusitanica, the seeds 

of Fennel vulgare and the roots of Angelica dahurica Bentham et Hooker f [58, 60, 68, 71, 87, 

91], which indicates that α-pinene may be an important compound responsible for the 

antifungal activity in plant kingdom. 

Another significant antifungal monoterpenoid, linalool (70), was found in the essential 

oil of of Stachys recta L. [95]. Linalool is also a common constituent in the antifungal 

essential oils of some other plants. There were five plants that were reported to contain 

linalool as a major constituent. These plants are the leaves of Lippia alba (Miller) N.E. 

Brown, the leaves of Myrtus communis L, Cuminum cyminum, Rosmarinus officinalis and 

Citrus bergamia [25, 60, 83, 85, 89]. 

Benzoic acid (71) is the active substance in the essential oil from leaves of Cymbopogon 

citratus. Benzoic acid exhibited moderate antifungal effect against common dermatophytes 

such as Trychophytons with MIC values at 0.25 mg/mL [82]. But the C. citratus oil displayed 

more effective activity than benzoic acid, indicating that there may be other effective 

antifungal agents existing in the C. citratus oil. 

 

 

 

 

 

 

Figure 1.12 Structures of main constituents in essential oils. 
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Park et al. [67] reported that a simple phenylpropanoid, eugenol (72), was the major 

constituent in the antifungal essential oil extracted from Syzygium aromaticum L. Merr. Et 

Perry. By the microdilution and agar diffusion methods, the fungus T. mentagrophytes was 

completely inhibited by eugenol at 0.2 mg/mL. 

Skaltsa et al. identified two sesquiterpenes, namely β-caryophyllene (73) and 

β-caryophyllene oxide (74) from the essential oil of Stachys germanica L. ssp. Heldreichii 

(Boiss.) Hayek and Stachys euboica Rech. [95]. The two sesquiterpenes both inhibited T. 

mentagrophytes and E. floccosum in this experiment (MICs: 0.06-0.1 mg/mL). 

β-Caryophyllene was also found in four other antifungal essential oils: the leaves of 

Baccharis semiserrata D.C., the twigs of Baccharis semiserrata D.C., Baccharis uncinella 

D.C. and Vitex agnus-castus L. [68, 71, 95]. Skaltsa et al. also reported that a significant 

antifungal sesquiterpene (cadinene) (75) existed in the essential oils from Stachys scardica 

(Griseb.) Hayek and Stachys euboica Rech [95].  

 

3. Future prospects  

Natural products with biological activity is an important way to develop new drugs [96]. 

As mentioned in this chapter, many active compounds, essential oils and plant extracts with 

antifungal activity against tinea pedis dermatophytes are discovered from plants, animal and 

microorganisms. Essential oils usually used as antifungal agents in many folk medicines [63, 

68, 71, 72]. Although essential oils exhibit excellent safety, their instability and volatility still 

need to be considered. It is encouraging that some studies used pharmaceutical methods to 

enhance antifungal effect and reduce drug toxic reaction. Danielli et al. [84] mentioned that 

using nanoparticulate systems as carriers to deliver antifungal agents could stabilize and 

decrease volatility of essential oils by a suitable surfactant, along with enhancing the 

antifungal effect through the ability to carry substances passing through the cell membrane. 
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Improving the stability and reducing volatility will extend the retention time of the essential 

oil on the affected site of tinea pedis and decrease skin irritability caused by the slow release 

of drug. There are a lot of other studies, which prove that nanoemulsion is a good dosage 

form for external formula of essential oil [97, 98]. Therefore, the nanoemulsion is a potential 

pharmaceutical research direction to develop essential oils for the treatment of tinea pedis, 

and further study is needed for practical application. 

As commented earlier, there are a lot of volatile extracts (essential oils) and volatile 

compounds (monoterpene and sesquiterpene) showing the antifungal activity, so the 

extraction technique need to be designed in order to reduce the loss of the active substances 

during extraction. Carbon dioxide of supercritical extraction was used frequently to obtain 

volatile antifungal agents from natural sources. Lower temperature, low water content and 

omitting of the step of separating the extractant are three main advantages of SFE. SFE can 

also realize a purer extraction of substance due to its selectivity [47]. This potential method is 

a good choice for the extraction of volatile agents for tinea pedis. 

Mercer et al. [28] investigated that using prodrug approach to deliver the active 

compounds against tinea pedis dermatophytes could reduce the irritant side-effects caused by 

solvents required by topical application, improve pharmacodynamics and increase the 

intended target selectivity. In this study, an active antifungal coumarin was modified into an 

inactive water-soluble coumarin glycoside, and the antifungal effect could be activated by 

β–glucosidase activity when the agent was applied on the site of infected skin. This method 

can also be used for the preparation of antifungal compounds with similar properties and 

chemical structure. 

In general, a good-quality antifungal natural agent not only need to show high 

antimycotic efficacy and low toxicity, but also has to consider the problem of expiration. 

Normally, cell cytotoxicity assays and in vitro susceptibility testing is needed during an 
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investigation of an antifungal agent. However, what has to be considered is when the 

fungitoxicity agent will expire, which will provide a significant reference for the practical 

application. 

 

4. Conclusion 

 The collected literatures presented abundant informations about natural products against 

four common tinea pedis dermatophytes (T. rubrum, T. mentagrophytes, T. tonsurans and E. 

floccosum), which can provide a valuable reference for the related research of natural antifungal 

drugs in the future.  
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CHAPTER 2 

 

BIOASSAY-GUIDED ISOLATION OF ANTIBIOFILM COMPOUNDS 

FROM MICHELIA FIGO AND THE INVESTIGATION OF 

ANTIBIOFILM ACTIVITY OF TWO ALKALOIDS FROM MACLEAYA 

CORDATA 
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Abstract 

 The prevention of dental diseases is targeted at the control of dental plaque. Dental 

biofilm is a biofilm that forms on the teeth with three-dimensional structure and functional 

properties. Streptococcus mutans and Streptococcus sobrinus are the triggering factors of 

dental biofilm and are usually accompanied by biofilm maturation. The purpose of this 

chapter is to investigate the antibiofilm activity of natural products against S. mutans and S. 

sobrinus in vitro. Two biofilm models of S. mutans and S. sobrinus are suitable for the 

quantification of antiseptic activity and the comparison of commercial chemical formulations. 

In the present study, bioassay guided isolation led to separation of five compounds from 

Michellia figo that were collected at Guangdong Province. Though the fractions showed the 

inhibitory effects of biofilm formation, these five compounds did not show the antibiofilm 

effects. Moreover, chelerythrine and sanguinarine, the two alkaloids isolated from Macleaya 

cordata showed effectiveness against two known biofilm forming bacteria, S. mutans and S. 

sobrinus. Chelerythrine and sanguinarine displayed strong ability to prevent the formation of 

biofilms of S. mutans at MIC50s of 17.7 and 18.5 μM respectively. In the prevention of 

biofilms of S. sobrinus, sanguinarine showed stronger inhibitory effect than chelerythrine 

with MIC50s of 18.6 and 34.0 μM. These results highlight the promising antimicrobial 

activity of these two alkaloids and suggest avenues for future translational research on the 

treatment of dental diseases. 
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1. Background 

Biofilm is an assemblage of microbial cells that grow on living or inert surfaces and 

enclosed in an extracellular polymeric matrix (EPS) [1]. Biofilms can be generated by various 

microbial species but are initially the creation of bacterial micro-colonies that have adhered 

to a surface and embedded within in an EPS [2-4]. The National Institutes of Health (NIH) 

has reported that about 80% of human infectious diseases are caused by pathogenic biofilms 

[5]. Plant secondary metabolites are a viable source for the discovery of antibiofilm agents 

[6-8]. They are commonly generated by the plants in response to environmental influences, 

such as heat, competition for space, microorganisms, nutrition and prevention of insect attach 

[1, 9-10].  

Dental plaque is the sticky microbial biofilm forming on teeth which could be a serious 

cause of dental diseases such as dental caries and periodontal disease. Streptococcus mutans 

and S. sobrinus are the primary bacteria involved in adhesion and biofilm formation. 

Although some oral infections could be treated with various antibiotics and chemicals, side 

effects and drug resistance may occur upon the treatment of several weeks. One reason of 

drug resistance is that antibiotics cannot penetrate into the biofilm to kill bacteria. Therefore, 

the most effective strategy for treating these infections may be to discover the agents that 

could be used to prevent the biofilm formation or remove the biofilm. Natural products 

derived from plants remain a primary resource for discovery of potential new antibiofilm 

agents. In this study, more than 1,000 plant extracts and compounds were evaluated for their 

antimicrobial activity. Michelia figo (Lour.) Spreng., the plant collected from Guangdong 

Province, was found to effectively prevent dental biofilm formation.  

Michelia is a genus of flowering plants which contains more than 50 species of 

evergreen trees and shrubs. Most of them are distributed mainly in tropical and subtropical 
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areas, especially in southern China [11]. Species like M. figo is distributed in South China. 

Most of the species of Michelia are useful as garden plants. However, different species of 

genus Michelia have been used as traditional medicines, such as M. champaca for treatment 

of fever, colic, leprosy, post-partum protection [12]. Experimentally, both of M. champaca 

and M. compressa have demonstrated significant antitumor activity in various kinds of 

experimental tumor systems [13-14]. In addtion, the aporphine alkaloid and sesquiterpene 

lactone isolated from this genus have attracted great interests due to their diversified activities 

and structures [15-18].  

M. figo, a native plant to China, is used as ornamental plant in courtyard for its strongly 

fragrant flours, which are cream-colored, purple rounded, or light-purple, and floral scent. In 

our previous study, the leaf extracts of M. figo showed inhibition on dental bacteria. In the 

current study, we focus on the identification of the anti-dental microbial lead compounds of 

this plant.  

Macleaya cordata is a common medicinal plant in southern part of China. It is a specie 

of flowering plant in the poppy family, and widely used as folk medicine in China. M. 

cordata contains a great variety of alkaloids and shows wide spread biological activities such 

as anti-inflammation, antimicrobial and insecticidal activities [19]. Chelerythrine and 

sanguinarine are the major alkaloids of M. cordata. In our study, we have deternined their 

antibiofilm activity against dental bacteria.  
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2. Purpose of the research 

Most antimicrobial research was focused on planktonic bacterial cells. Nonetheless, 

most bacterial cells are grown in biofilms in natural environments, and the biofilm formation 

causes most severe microbial infections. In addition, it is ofen very hard to treat clinically 

severe biofilm related infections in people with existing antibiotics. For this reason, there is a 

great need to discover novel antibiofilm drugs with determined mechanism of action. One 

aim of this thesis has been to develop the high throughput screening methods which could be 

used for discovery of novel antibiofilm lead compounds. We will use dental bacterium S. 

mutans and S. sobrinus as model strains.  

The specific objectives of this research project were to: 

1. To set up the biomass based crystal violet (CV) staining screening assay in a 96-well 

plate system, applied to the high throughput screening of natural products bank. 

2. Apply the optimized assays to identify antibiofilm lead compounds from plant 

natural products. 

3. To determine the antibiofilm targets of the active lead compounds. 

4. To elucidate the mechanism action of the active anti-fungal compounds. 
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3. Materials and methods 

3.1 Materials   

BHI (Brain Heart Infusion) Broth and TSA (Tryptic Soy Agar) were obtained from 

Thermo scientific (Thermo fisher, USA). Crystal violet (1% w/v), dimethylsulfoxide 

(DMSO), penicillin G were from Sigma–Aldrich (sigma, USA). Chlorhexidine was 

purchased from Dalian Meilun Biological Technology co., LTD (Meilun, China). 

The 96-well polystyrene micro well plates were from SPL (SPL, South Korea). Bio-Rad 

microplate reader (Bio-Rad, USA). 

 

Compound and extract libraries 

Chelerythrine (MC1) and sanguinarine (MC2) were provided by Prof. ZENG Jianguo 

from Hunan Agricultural University and kept in the compound and extract libraries of Dr. 

ZHANG Hongjie’s group at Hong Kong Baptist University, Hong Kong. The antibiofilm 

activity of these compounds and extracts is evaluated the following screening assays. 

 

Bacterial strains 

The bacteria strains Streptococcus mutans (ATCC 35668) and Streptococcus sobrinus 

(ATCC 33478) were obtained from the Prince Philip Dental Hospital, Hong Kong University, 

Hong Kong. 

3.2 Methods 

3.2.1 Biofilm assay 

Bacterial culture 

Bacterial strains were preserved at -80°C in BHI broth with 20% (v/v) glycerol to 
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provide a stable inoculum throughout the research. Fresh cultures were started from the 

frozen BHI-glycerol stocks and growth at 37C with shaking for 200 rpm overnight, followed 

by diluting the pre-cultures 1000 times in fresh BHI and incubation, with shaking at 200 rpm 

and the temperature of 37C until an OD600 of 0.4–0.6 was reached. The final bacterial cells 

concentration was adjusted to give OD600 = 0.5 for the following assays. 

 

Optimization of culture conditions for streptococcus biofilm formation in 96 well plates 

Bacteria in exponential growth period easily increase biofilm formation. 96 well plates 

were filled with 190 µL of the diluted cultures each well and incubated for 24 h to generate 

the biofilm. The optimized culture conditions were tested by different bacterial 

concentrations of the culture (OD600 from 0.1 to 0.7) and culture time (from 2 to 36 h). 

Crystal violet is used to quantify the biofilm biomass in the plate.  

 

The crystal violet staining protocol [19] 

Three wells of a sterile 96-well microtiter plates were filled with 10 μL tested agents and 

190 μL of bacterial suspension each. The wells, contained bacterial suspension without tested 

agents served as a negative control. The 96-well microtiter plates were covered with lids and 

cultured at 37C for 24 h. At the end of 24 h, the planktonic cells and BHI broth were 

removed, and each well was washed 3 times with 200 μL of PBS. The plates were strongly 

turned over to remove all non-adherent bacteria. The remaining attached biofilms were fixed 

with 0.2 mL of methanol each well, and after 20 min, plates were emptied and left to air dry. 

Then, the plates were stained for 5 min with 0.2 mL of 1% crystal violet and used for biofilm 

staining each well. Excess stain was then removed by rinsing the plate under running tap 

water. The plates were allowed to dry, and the crystal violet-stained biofilm was redissolved 

with 200 µL of 95% ethanol per well and shaken for 10 min. The OD value was recorded at 



136 

 

 

570 nm by using a microplate reader. The percentage of biofilm inhibition was calculated 

using the following formula: 

 

All tested compounds were prepared in DMSO as stocks (4 mg/mL or 2 mg/mL) and 

kept at ‒20°C. Stocks were further diluted in ddH2O to reach a final working concentration of 

20 μg/mL or 10 μg/mL and a DMSO final concentration of 5‰ (v/v). Some plant extracts 

were prepared at 20 mg/mL in DMSO and the final working concentration in the biofilm 

assay was 100 μg/mL. The in vitro biofilm screening assays can be classified in two modes: 

prevention of biofilm formation and destruction of mature biofilms. For the biofilm formation 

prevention assay, agents were added at the beginning of the biofilm culture and analysis 

carried out after 24 hours of incubation. For the biofilm disruption assay, the planktonic 

suspension was carefully removed after 24 h of incubation and fresh BHI broth containing the 

test agent was added to the existing biofilm and incubated for another 24 h under the same 

conditions. 

Agents that displayed more than 50% inhibition were selected for further testing stage. 

In the second stage, the minimal inhibitory concentration (MIC) and half of the minimal 

inhibitory concentration (MIC50) were determined for the active agents.  

 

Determination of the MIC and MIC50 [20] 

The MIC values, which represent the lowest concentration of antimicrobial agents which 

completely inhibits growth of the organism in microdilution wells, were determined by a 

microdilution method [21]. Bacterial cells from exponentially growing cultures (OD600 = 0.5) 

were prepared. Stock plant extracts or compounds were dissolved in DMSO so that the final 
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working concentrations in 96 well plates were at 5‰ DMSO and solvent controls were run at 

the same concentrations. Each well of the microplate contained 190 μL of the diluted 

bacterial suspension in BHI broth (pre-cultures diluted 1:200 in BHI broth) and 10 μL of the 

diluted samples. The Penicillin G and chlorhexidine were used as positive controls, and 5‰ 

DMSO was served as negative control. According the different screening assay, the tested 

agents were added before or after the biofilm formation. After culture, the plates were 

performed the staining based on the crystal violet staining protocol. The MIC was taken to 

the well, where 80% inhibition was calculated. And MIC50 will be calculated by the 

Graphpad Prism 5. The MIC values were done in triplicate.  

 

Morphological and density changes in biofilms  

After incubation, biofilms were washed softly twice with PBS and fixed with 250 μL 

methanol each well for 20 min. Then, the plates were allowed to dry and stained with 1% 

crystal violet (150 μL/well) for 10 min. Excess stain was rinsed off under running tap water 

and the plates were allowed to dry. The biofilms were observed by macroscopy and by 

optical microscopy. 

 

Observation of biofilms by confocal laser scanning microscopy (CLSM) [22] 

S. mutans or S. sobrinus was grown in 8-well Nunc chamber slides with cover slide 

(Nunc, Denmark) for 24 h at 37C with BHI broth and 2% sucrose supplementation. After 

incubation, aspirate the suspension from corner of each chamber and add 190 μL fresh BHI 

along wall of chamber so as not to create shear forces within the chamber which could disrupt 

the biofilm. The grown biofilm was then incubated with 10 μL chelerythrine, sanguinarine or 

Penicillin G for additional culture of 24 h. Biofilms were then washed with PBS and stained 

with LIVE/DEAD BacLightTM Bacterial Viability Kit from Molecular Probes Inc. 
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(Invitrogen, USA) as previously described by Jurcisek [22]. The staining solution, which 

contains propidium iodide (PI) and SYTO9 for analysis of viability, was mixed in equal 

quantities and applied to the chambers for 15 min. After staining, the biofilms were gently 

rinsed with mounting medium and sealing with nail polish. The slides were then immediately 

examined via the Leica TCS SP8 confocal system (Leica, Germany). Biofilms were observed 

using a 63× oil-immersion objective. Excitation wavelengths were 488 and 543 nm, and 

emission detected with 500 to 550 nm and 598 to 660 nm. The details of the image analysis 

procedure are also described elsewhere [23].  

 

3.2.2 Isolation of the active M. figo extracts  

Plant Collection  

 A total of 100 kg whole plants of M. figo were collected from Guangdong Province of 

China in April 2014 (Figure 2.1). The identification of the plant was performed by KU 

Chuenfai in School of Chinese Medicine, Hong Kong Baptist University and Dr. ZHEN 

Yuzhong in Hanshan Normal University. A voucher specimen (#SHB 00010) is available for 

inspection at Department of Pharmacy, Shenzhen University and the Phytochemistry 

Laboratory, School of Chinese Medicine, Hong Kong Baptist University. 

The plants were placed in the shade to dry for three weeks. 11 kg dry leaves and more 

than 20 kg stems were acquired respectively. Then the leaves and stems were crashed to 

obtain 10.5 kg coarse powder. 

 

Plant Extraction 

Cold-soaked extract method was used for 10.5 kg coarse powder of the leaves in 75 L 

95%(V/V) ethanol at room temperature for 72 hours, and extracted 3 times. And the extracts 

were concentrated under vacuum distillation. After concentration, the extracts were freeze 
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dried in ultra-low freeze dryer. After removal of the solvent under reduced pressure, 2 kg of 

crude extracts were obtained.  

 

Figure 2.1 The photo of M. figo. 

 

Fractionation of the Extracts 

Two kilograms of extracts were chromatographed on a silica gel column, eluted first 

with mixtures of petroleum ether/dichloromethane (non-polar) and then with different ratio 

solvent to obtain twelve fractions (F1-F12) (Figure 2.2 and Table 2.1). The crude extracts 

and all fractions were submitted to the anti-dental biofilm investigations. 

 

 

Figure 2.2 Flow charts of the fractionation process of M. figo. *: Table 2.1 lists the solvent 

system used in the fractionation process.  
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Table 2.1 Solvents used in the fractionation process. 

Fraction number Solvent 

F1 Petroleum ether:CH2Cl2 (1: 1) 

F2 CH2Cl2 

F3 CH2Cl2: Acetone (9: 1) 

F4 CH2Cl2: Acetone (8: 2) 

F5 CH2Cl2: Acetone (7: 3) 

F6 CH2Cl2: MeOH (95: 5) 

F7 CH2Cl2: MeOH (9: 1) 

F8 CH2Cl2: MeOH (85: 15) 

F9 CH2Cl2: MeOH (8: 2) 

F10 CH2Cl2: MeOH (7: 3) 

F11 CH2Cl2: MeOH (1: 1) 

F12 MeOH 

      

Isolation of active fraction F10 

 The aim of the work was to isolate the constituents from the leaves of M. figo leaves 

and to evaluate the antimicrobial effect and, if any, to characterize the mechanism profile. 

The study on anti-dental bacterial activity of M. figo could be at least in part responsible for 

the ethno-pharmacological interest growing up from the application of the drug in the 

traditional medicine.  

 Antibiofilm evaluation of the fractions determined that fraction F10 inhibited biofilm 

formation by more than 90% at the concentration of 100 μg/mL. A small portion of F10 (5.0 

g) was rapidly fractionated to seven subfractions (Fa1-Fa7) over a ODS (50 mm×120 cm i.d., 

247 g of chromatorex DM1020T, 100-200 mesh; Fuji Silysia Chemical) column eluting with 

gradient methanol/water (2:8→8:2) solutions. Reversed-phase preparative HPLC separation 

was carried out on a Waters 600E Delivery System pump, equipped with a Waters 996 
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photodiode detector, and a Shimadzu C18 column (120 Å, 15 μm, 300 × 40 mm2) or a 

Shimadzu PRC-C-18 column (120 Å, 12 μm, 250 × 50 mm2). Compound MF1 (15.4 mg) 

was obtained from Fa4 (100 mg) by preparative HPLC using MeOH-H2O (35:65, 10 mL/min) 

as the mobile phase. Fa6 (100 mg) was separated by preparative HPLC on a reversed-phase 

C18 column eluted with MeOH-H2O (45:55, 10 mL/min) to yield compound MF2 (10.6 mg). 

NMR for identification 

1H and 13C NMR spectra were recorded on a Bruker NMR spectrometers (400 MHz 

1H-NMR, 100 MHz for 13C-NMR). MF1 and MF2 were dissolved in deuterium dimethyl 

sulfoxide, separately. Chemical shifts (δ) were expressed in ppm with reference to the solvent 

signals (DMSO-d6: 
1H: 2.50 ppm, 13C: 39.50 pm), and coupling constants (J) are reported in 

Hz. All NMR data were obtained by using standard pulse sequence supplied by the vendor.  

 

3.2.3 Chelerythrine and sanguinarine  

Chelerythrine (MC1) and sanguinarine (MC2) were isolated from the whole plant of 

Macleaya cordata by the research group of Prof. ZENG Jianguo at Hunan Agricultural 

University. The structures were showed in Figure 2.3. 

 

Figure 2.3 The structures of chelerythrine (MC1) and sanguinarine (MC2). 

 

3.2.4 Cytotoxicity Assay 
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The active fraction, MF1 and MF2, chelerythrine (MC1) and sanguinarine (MC2) were 

evaluated in cytotoxicity assay in 293T cells. Cytotoxicity assays involving 293T cells were 

performed using sulforhodamine B (SRB) assay with slight modifications from the reported 

method [24]. Briefly, 293T cells were cultured in Dulbecco modified Eagle’s medium 

(DMEM, Life Technologies) supplemented with 10 % (v/v) fetal bovine serum (FBS, Life 

Technologies). Tested agents were prepared using 10% aqueous DMSO as solvent. Cells 

were seeded at 5000 cells/well in 96-well plates in 190 µL. On the same day, one plate was 

fixed in situ with 50 μl of cold trichloroacetic acid (TCA) to represent blank control at the 

time of drug addition (day 0). Then 10 μL of 10% aqueous DMSO was used as control group. 

After 72 h incubation, the cells were fixed to plastic substratum by the addition of 50 μL cold 

50% TCA at 4°C for 30 min and washed with tap water four times, and air-dried. The cells 

were then stained with 100 μL of 0.4% sulforhodamine B in 1% aqueous acetic acid for 30 

min, unbound dye was removed by washing four times with 1% aqueous acetic acid. The 

plates were allowed to dry at room temperature, then the bound dye was solubilized with 10 

mM unbuffered Tris base (pH 10, 200 μL/well), and the plates were placed on a plate shaker 

for 15 min at room temperature until the dye was completely solubilized. The optical density 

(OD) at 515 nm was recorded using microplate reader. The average data were expressed as a 

percentage with respect to that of untreated cells (control). Percentage growth inhibition was 

calculated as:  

 

 

3.2.5 Statistical Analysis 

Statistical analysis was performed with a t-test or one-way ANOVA with GraphPad 

Prism 5. 𝑃 < 0.05 were considered statistically significant. 
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4. Results 

4.1 Identification of MF1 and MF2 

Further investigations in 1H-NMR and 13C-NMR experiments of MF1 and MF2, 

showed that the NMR data of MF1 matched with the reported NMR data for artabotryside B, 

and the NMR data for MF2 matched with those of acteoside [25-26]. The 1H-NMR chemical 

shifts and the coupling constants (J) of the two compounds are presented in Tables 2.2 and 

2.3. We therefore determined, MF1 and MF2 as artabotryside B and acteoside, respectively 

(Figure 2.4). The NMR spectra of MF1 and MF2 were exhibited in Figures S1-4.  

 

 

 

Figure 2.4 The structures of MF 1 and MF2 isolated from M. figo. 
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Table 2.2 1H-NMR (400 MHz) and 13C-NMR (100 MHz) data of artabotryside B (MF1) in deuterated 

DMSO. 

Moiety C/H δC δH (J in Hz) 

2 156.5 – 

3 133.1 – 

4 177.4 – 

5 156.3 – 

6 99.1 6.15 d (1.9) 

7 165.7 – 

8 93.9 6.38 d (1.9) 

9 161.2 – 

10 103.4 – 

1' 120.6 – 

2' 130.7 8.00 d (8.9) 

3' 115.5 6.89 d (8.9) 

4' 160.1 – 

5' 115.5 6.89 d (8.9) 

6' 130.7 8.00 d (8.9) 

rha-1 99.1 4.83 d (1.2) 

2 70.4 

3.61-3.19 
3 70.6 

4 71.9 

5 69.0 

6 17.8 1.14 d (6.2) 

ara-1 106.3 5.74 s 

2 86.3 4.29 dd (3.0,0.7) 

3 75.5 3.84 dd (5.9, 3.0) 

4 86.2 
3.61-3.19 

5 60.5 

All experiments were run in deuterated DMSO– δ values in ppm and coupling constant (J) in parenthesis 

are shown. 

 

 

 

 



145 

 

 

Table 2.3 1H and 13C-NMR data for acteoside (MF2). 

Moiety C/H δC δH (J in Hz) 

Phenyl ethanol 1 129.1 – 

2 115.8 6.62 d (1.9) 

3 143.5 – 

4 145.0 – 

5 116.3 6.63 d (8.1) 

6 119.5 6.49 dd (8.1, 1.9) 

7 35.0 2.70 m 

8 70.4 
3.88 m 

3.59 m 

Caffeic acid 1' 125.5 – 

2' 114.7 7.02 d (1.9) 

3' 145.5 – 

4' 148.4 – 

5' 115.4 6.76 d (8.2) 

6' 121.4 6.98 dd (8.2, 1.9) 

7' 146.9 7.46 d (15.9) 

8' 113.6 6.19 d (15.9) 

9' 165.7 – 

Glucose 1'' 102.3 4.35 d (7.8) 

2'' 74.5 

3.72-3.07 

3'' 79.0 

4'' 68.7 

5'' 74.5 

6'' 60.7 

Rhamnose 1''' 101.2 5.03 d (1.1) 

2''' 70.2 

3.72-3.07 
3''' 70.5 

4''' 71.6 

5''' 69.1 

6''' 18.1 0.96 d (6.2) 

All experiments were run in deuterated DMSO–δ values in ppm and coupling constant (J) in parenthesis 

are shown. 
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4.2 Antibiofilm assay 

The prevention of dental biofilm formation of the isolated compounds was tested using 

the assay described previously. Chelerythrine (MC1) and sanguinarine (MC2) were the 

representative and major active alkaloids commonly seen in M. cordata. And the results are 

shown in Table 2.4. The overall results showed that S. mutans and S. sobrinus were inhibited 

by MC1 and MC2. MC1 and MC2 displayed the ability to prevent the formation of biofilms 

of S. mutans at MIC50s of 17.7 and 18.5 μM, respectively. In the prevention of biofilms of S. 

sobrinus, sanguinarine showed stronger inhibitory effect than chelerythrine with MIC50s of 

18.6 and 34.0 μM (Figure 2.5). 

Fraction 10 of the plant extract of M. figo was found to inhibit 90% growth of S. mutans 

at 100 μg/mL. Therefore, the further isolation of the fraction was carried out to identify the 

active compound. Two compounds were identified from this fraction. However, no inhibitory 

effects of these two compounds were found against the formation of biofilms. Further 

separation is thus needed to identify the active compounds in M. figo. 
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Table 2.4 Results of the samples on prevention of biofilm formation. 

Compound code 
Final Concentration 

(μg/mL) 

Percentage of inhibition (mean±sd) 

S. mutans S. sobrinus 

Penicillin G 10 83.4 ± 4.2 80.2 ± 16.8 

Chlorhexidine 20 83.2 ± 2.1 85.3 ± 5.7 

Fraction SHB10-F10 

(M. figo) 
100 90.2 ± 2.3 35.8 ± 14.4 

Artabotryside B (MF1) 50 29.33 ± 3.11 10.09 ± 1.75 

Acteoside (MF2) 50 17.36 ± 7.07 1.38 ± 0.80 
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Figure 2.5 Quantification of biofilm formation of S. mutans and S. sobrinus with 

chelerythrine (MC1) and sanguinarine (MC2). Data are mean ± SEM (n = 3) biologically 

independent experiments (each consisting of three repeats). 
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4.3 Morphological and density changes in biofilms influened by chelerythrine and 

sanguiarine 

In the current study, we further determined whether chelerythrine (MC1) and 

sanguiarine (MC2) could influence the morphology of S. mutans and S. sobrinus biofilms. 

The macroscopic and microscopic analyses of the biofilms under different treatments were 

performed (Figure 2.6 and Figure 2.7). A dense and compact biofilm was observed in the 

non-treatment groups. Interestingly, many damaged and uncomplete biofilms were appeared 

in the biofilms of the Penicillin G group, MC1 or MC2 groups. The total biofilm area in the 

MC1 or MC2 groups was markedly smaller than those in the control groups. 

 

Figure 2.6 Morphology of biofilm of S. mutans observed by macroscopy (MACS) and 

light microscopy (MICS) (200× Magnification). S. mutans exponential-phase cultures were 

diluted 1:200 in fresh medium and incubated in 48-well plates (380 μL/well) at 37C for 4 h, 

and then biofilms were treated with Penicillin G, chelerythrine (MC1) and sanguinarine 

(MC2) at the final concentration of 20 μg/mL for 24 h outlined in the figure. Fixation, 

washing and staining were then performed according the methods mentioned above.  
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Figure 2.7 Morphology of biofilm of S. sobrinus observed by macroscopy (MACS) and 

light microscopy (MICS) (200× Magnification). S. sobrinus exponential-phase cultures were 

diluted 1:200 in fresh medium and incubated in 48-well plates (380 μL/well) at 37C for 4 h, 

and then biofilms were treated with Penicillin G, chelerythrine (MC1) and sanguinarine 

(MC2) at the final concentration of 20 μg/mL for 24 h outlined in the figure. Fixation, 

washing and staining were then performed according the methods mentioned above. 

 

4.4 Observation of biofilms by CLSM (confocal laser scanning microscope) 

To confirm the activity of chelerythrine (MC1) and sanguinarine (MC2) against bacteria 

in biofilms, biofilms of S. mutans and S. sobrinus were fluorescently stained and examined 

with CLSM, respectively (Figures 2.8 and 2.9). In the control group, both S. mutans and S. 

sobrinus were heavily colonized, forming a packed and thick biofilms. Interestingly, a 

number of dead bacterial cells were appeared in the MC1 and MC2-treated group. In the 

comparison of CLSM findings with macroscopy and light microscopy, small micropores 

were also appeared in the biofilms treated with MC1 and MC2. In addition, more dead 

bacterial cells were detected in biofilms treated with MC1 and MC2, than those in the S. 

mutans biofilms treated with penicillin G only. However, the biofilms of S. sobrinus was 

easily to damage during the process of washing and staining. And less dead cells in the 

biofilms of S. sobrinus were observed in the treated groups. 
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Figure 2.8 Representation of three-dimensional (3D) images of biofilms. (A–D) Mature 

biofilms, untreated (A) or exposed for 24 h to 20 μg/mL Penicillin G (B), 20 μg/mL 

chelerythrine (MC1) (C) and 20 μg/mL sanguinarine (MC2) (D). Biofilms of S. mutans in 

chamber slides were visualized using CLSM with the application of Live/Dead stain. Viable 

bacterial cells were green fluorescent, and dead bacterial cells were red fluorescent. 

Compared with control (DMSO), many micropores could be observed in the biofilms treated 

with C (MC1) and D (MC2). For 3D reconstruction of biofilm images, CLSM images were 

processed with the Leica software.  
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Figure 2.9 Representation of three-dimensional (3D) images of biofilms. (A–D) Mature 

biofilms, untreated (A) or exposed for 24 h to 20 μg/mL Penicillin G (B), 20 μg/mL 

chelerythrine (MC1) (C) and 20 μg/mL sanguinarine (MC2) (D). Biofilms of S. sobrinus in 

chamber slides were visualized using CLSM with the application of Live/Dead stain. Viable 

bacterial cells were green fluorescent, and dead bacterial cells were red fluorescent. 

Compared with control (DMSO), many micropores could be observed in the biofilms treated 

with B (Penicillin G), C (MC1) and D (MC2). For 3D reconstruction of biofilm images, 

CLSM images were processed with the Leica software.  
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4.5 Cytotoxicity Assay 

Another purpose of this study was to examine the compounds or extracts induced 

cytotoxicity in human 293T kidney cells. Chelerythrine (MC1) and sanguinarine (MC2) 

produced about 90% lethality of 293T cells at 20 μg/mL. The results indicated that MC1 and 

MC2 had a strong cytotoxicity in 293T cells (Table 2.5). However, no evidence of 

cytotoxicity was found in any of the compounds isolated from the leaves of M. figo at the 

doses tested using SRB cytotoxicity assay in the kidney 293T cells. 

 

Table 2.5 Cytotoxicity values for selected active samples.  

Sample name 
Final concentration 

(μg/mL) 

% Cytotoxicitya (mean±sd) 

293T cells 

Taxol 20 ng/mL 95.4 ± 1.4 

Chelerythrine (MC1) 20 95.3 ± 4.8 

Sanguinarine (MC2) 20 96.2 ± 5.7 

M. figo extracts 100 80.1 ± 2.4 

Fraction SHB10-F10 

(M. figo) 
100 74.4 ± 13.8 

Artabotryside B (MF1) 50 2.8 ± 6.8 

Acteoside (MF2) 50 3.5 ± 7.4 

a: Cytotoxicity of samples in 293T cells.  

 

5. Discussion 

Nowadays, many people in the world are suffering from biofilm infections such as 

dental infections and chronic infection of wound. Chronic infectious diseases related to 

biofilms are difficult to treat because of the biofilms caused resistance to antibiotics [27]. 

Dental plaque is a yellowish biofilm that builds up on the teeth, which can cause typical oral 

diseases, such as caries, gingivitis and periodontitis. Biofilm bacterium in the biofilms have 

very strong resistibility against antibiotics for various reasons. On one side, bacterium could 

regularly swap antibiotic-resistance genes each other within the biofilm community. On the 
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other hand, the extracellular polymeric substance (EPS) was a big barrier for the diffusion of 

antimicrobial agents. In addtion, antimicrobial substances present in the biofilm may be 

inactivated by adsorption into the matrix, high metal ion concentration and low pH 

circumstance [28-31]. Because of these attributes, biofilm bacteria show up to about 1000 

times more resistant to antibiotics than corresponding planktonic bacteria [32]. Therefore, 

there is an imperative need to develop effective biofilm prevention or destruction agents.  

It’s a good strategy to overcome the drug resistance by developing new lead compounds 

with the capability of preventing biofilm formation or destroying formed biofilm. 

Plant-derived natural products serve as potential candidates for the discovery of new 

antimicrobial drugs. In a search for plant-derived antibiofilm compounds, we have evaluated 

more than 1000 plant extracts and compounds for their antibiofilm activity, including M. figo. 

M. figo displayed very good inhibitory effects against biofilm formation of dental bacteria. 

The plant is also used as a traditional Chinese medicine in treating microbial infectious. Thus, 

the fresh leaves and stems of M. figo were collected for further phytochemical investigation 

in order to identify the antibacterial compounds. Bioassay-guided separation led to the 

isolation of two compounds from the active fraction F10. However, none of them displayed 

antibiofilm activity. 

In the current work, we discovered that some compounds from another plant (M. cordata) 

showed potent prevention activity against biofilm formation. As demonstrated in Figures 2.6 

and 2.7, an obvious visual reduction of the stained biofilm was observed in the wells 

pre-treated with chelerythrine (MC1) and sanguinarine (MC2). The two compounds were 

able to prevent the formation of biofilms of S. mutans with MIC50s of 17.7 and 18.5 μM, 

respectively. In the prevention of biofilms of S. sobrinus, MC2 showed stronger inhibitory 

effect than MC1 with MIC50s of 18.6 and 34.0 μM.  

Active agents with the capability of preventing biofilm formation are of great useful as a 
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precautionary measure such as applied to medical devices; however, compounds that destroy 

mature biofilms can be as well of importance to treat the existing biofilm infections in 

combination with traditional antibiotic therapy. For these reasons we also prompted to verify 

if our compounds and extracts were also able to disperse existing biofilms. However, all of 

them failed to disperse the mature biofilms.  

One of the mechanisms of drug resistance to antibiotics in biofilm is the failing of the 

antibiotics to penetrate into biofilm, as the polymeric matrix retards the diffusion [33]. Slow 

growth of bacterial cells in biofilm also contributed one reason in increased drug resistance 

[33]. Deep-lying bacterial cells within biofilms are grown slowly in low nutrient and oxygen 

conditions. Cells in the resting state are more tolerant to antibiotics as most commercial 

antibiotics mainly interfere biosynthesis, occurring in actively growing bacteria [34]. In 

addition, intercellular communication among bacteria, called quorum sensing (QS), was 

contributed to the virulence and pathogenic properties of bacteria. QS could regulate the 

expression of QS-controlled virulence genes by binding to the cognate receptor. Moreover, 

QS plays a key role in bacterial population density and biofilm formation [35].  

Our study is the first report describing the inhibitory effects of chelerythrine (MC1) and 

sanguinarine (MC2) against biofilm formation in vitro. Compared with the control groups, 

MC1 and MC2 could strongly inhibit the formation of S. mutans and S. sobrinus biofilms. 

Furthermore, the results showed that the mature S. mutans biofilms treated with MC1 and 

MC2 at 20 μg/mL contained a higher rate of dead bacteria than the other two groups. In 

addition, both MC1 and MC2 could significantly decrease the density of biofilms of S. 

mutans and S. sobrinus, and associated many large micropores treated at 20 μg/mL. 

The mechanism of the antibiofilm actions by chelerythrine (MC1) and sanguinarine 

(MC2) is very complicated. In this study, MC1 and MC2 displayed mild capacity to break 

down the matrix and generated many larger micropores in the biofilms of S. mutans and S. 
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sobrinus in comparison with than penicillin G, the study reveals that MC1 and MC2 may 

significantly improve antimicrobial activity if they are used in a combination of other 

antibiotics. However, both MC1 and MC2 cannot penetrate into the biofilm of S. sobrinus to 

kill the bacterium. Further research is needed to clarify the mechanisms of antibiofilm actions 

of the compounds against dental bacterium. 

 

6. Conclusion and expected findings 

The overall purpose of this research was to build a high throughput biofilm assays 

suitable for screening, and to discover antimicrobial lead compounds from plants. For this 

purpose, an evaluation platform on biomass amenable for antibiofilm screening was 

developed. With the primary screening assay, we first investigated the effects of the agents 

from our established natural products library on biofilm biomass of dental bacteria. Next, the 

penetration effects of the active compounds against mature biofilm couldb be studied using a 

Live/Dead assay kit. The active compounds would then be involved in the subsequent study 

on the EPS and QS to find the true target, and their impacts on biofilm viability, biomass and 

matrix would also be identified. 

A total of more than 1,000 plant compounds and extracts were evaluated at the primary 

screening stage. In the study, chelerythrine (MC1), sanguinarine (MC2) and M. figo extract 

showed the inhibitory effects on biofilm formation against dental bacterium.  

In the mature biofilm study, chelerythrine (MC1), sanguinarine (MC2) displayed 

moderate ability to destroy the biofilm matrix and resulted in micropores in the biofilm of S. 

mutans, which may significantly improve the antimicrobial activity when they are used in a 

combination of other antibiotics. These two bioactive compounds reduced the biovolume of 

the extracellular polysaccharides and bacterial cells in the S. mutans biofilm, but there was no 
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difference with regard to biofilm thickness. Taken together, our findings support the view that 

chelerythrine (MC1) and sanguinarine (MC2) disrupt biofilm integrity and may have created 

porosity in the biofilm, as biomass decreased but thickness was unaltered. These results 

highlight the promising antimicrobial activity of these two alkaloids and suggest avenues for 

their future translational research on the treatment of dental caries. 
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8. Supplementary data 

 
Figure S1 1H NMR (400 MHz) spectrum of 1 in deuterated DMSO. 

 

 
Figure S2 13C NMR (100 MHz) spectrum of 1 in deuterated DMSO. 
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Figure S3 1H NMR (400 MHz) spectrum of 2 in deuterated DMSO. 

 

Figure S4 13C NMR (100 MHz) spectrum of 2 in deuterated DMSO. 
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CHAPTER 3 

 

BIOASSAY-GUIDED ISOLATION AND STRUCTURAL 

MODIFICATION OF THE ANTI-TB RESORCINOLS FROM ARDISIA 

GIGANTIFOLIA 

 

This chapter was mainly from a paper published as follows, for which the license for 

reproduction in this thesis has been obtained. 

Guan, Y. F. 1; Song, X. 1; Qiu, M. H.; Luo, S. H.; Wang, B. J.; Hung, N. V.; Cuong, N. M.; Soejarto, D. D.; 

Fong, H. H. S.; Franzblau, S. G.; Li, S. H.; He, Z. D.*; Zhang, H. J.*, Bioassay-Guided Isolation and 

Structural Modification of the Anti-TB Resorcinols from Ardisia gigantifolia. Chemical Biology & Drug 

Design 2016, 88, 293-301. (1Co-first author, * corresponding author) 
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Abstract 

Tuberculosis (TB) is a highly contagious disease mainly caused by Mycobacterium 

tuberculosis H37RV. Antitubercular (anti-TB) bioassay-guided isolation of the CHCl3 extract 

of the leaves and stems of the medicinal plant Ardisia gigantifolia led to the isolation of two 

anti-TB 5-alkylresorcinols, 5-(8Z-heptadecenyl) resorcinol (1) and 5-(8Z-pentadecenyl) 

resorcinol (2). We further synthesized 15 derivatives based on these two natural products. 

These compounds (natural and synthetic) were evaluated for their anti-TB activity against M. 

tuberculosis H37RV. Resorcinols 1 and 2 exhibited anti-TB activity with MIC values at 34.4 

μM and 79.2 μM in MABA assay, respectively, and 91.7 μM and 168.3 μM in LORA assay, 

respectively. Among these derivatives, compound 8 was found to show improved anti-TB 

activity than its synthetic precursor (2) with MIC values at 42.0 μM in MABA assay and 

100.2 μM in LORA assay. The active compounds should be regarded as new hits for further 

study as a novel class of anti-TB agents. The distinct structure–activity correlations of the 

parent compound were elucidated based on these derivatives. 
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1. Introduction 

Tuberculosis (TB) is a highly contagious bacterial disease most commonly manifesting as 

a pulmonary infection and mainly caused by M. tuberculosis [1]. The World Health 

Organization (WHO) estimates that there were about 11 million prevalent cases of TB in 2013, 

equivalent to 159 cases per 10 million populations and lead up to 1.5 million deaths [2]. 

The drugs used for treating TB are more than 40 years old and are far from ideal. 

Drug-resistant TB (DR-TB) poses a major threat for the control of TB worldwide. In 2013, 

there were an estimated 480,000 new cases of multi-drug-resistant TB (MDR-TB) worldwide 

and approximately 210,000 deaths [2]. In the heavy MDR-TB burden countries, the average 

duration of hospital stay ranged from 7 to 240 days, with a median of 90 days [2]. Two new 

drugs have been approved for the treatment of MDR-TB under specific conditions: bedaquiline 

and delamanid in 2012 [3]. However, these two drugs are the first compounds to be approved 

for use in TB treatment in nearly 40 years, and the only ones ever to be released specifically for 

the treatment of MDR-TB [4]. This demands our continuous efforts to discover new anti-TB 

therapeutic agents that improve the treatment of multi-drug-resistant and extensively 

drug-resistant strains and shortens the total duration of treatment.  

Plant compounds, known for their enormous numbers and their remarkable structural 

diversity, are considered an excellent source for exploration of drug lead compounds, and 

have received considerable attention as potential anti-TB agents [5-6]. Ardisia gigantifolia 

Stapf (Primulaceae; previously, Myrsinaceae) collected from Vietnam for the present research 

(see below) is a shrub growing in the shade and wet places of valley and hillsides and is widely 

distributed in Southeast Asia including Vietnam, Thailand, Malaysia, Indonesia and Southern 

provinces of China [7-8]. The whole plant of this species has been used in folk medicine to 

eliminate blood stasis, disperse swelling, improve blood circulation, and also as an analgesic 
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[9]. This plant was investigated as part of our International Cooperative Biodiversity Group 

(ICBG) project, which was designed to address the related issues of biodiversity conservation, 

economic growth, and promotion of health through the discovery of anticancer, anti-HIV, 

antimalarial, and anti-TB natural products through collaboration with institutions in Vietnam, 

Laos, and the United States [10]. This plant was found to be one of the first anti-TB plant leads 

in our efforts to discover anti-TB agents from plants of the tropical forests of Vietnam and 

Laos. The current paper describes the isolation, structure elucidation, derivatization of the 

active natural products and biological evaluation of the pharmacological activities of these 

compounds.  

2. Experiment 

General Experimental Procedures 

NMR spectra were recorded on a Bruker DPX-300 MHz or a Bruker DPX-400 MHz 

spectrometer. Chemical shifts (δ) were expressed in ppm with reference to the solvent signals 

(CDCl3; 
1H: 7.24 ppm; 13C: 77.00 pm), and coupling constants (J) were reported in Hz. All 

NMR experiments were obtained by using standard pulse sequences supplied by the vendor. 

Column chromatography was carried out on silica gel (200–400 mesh, Natland International 

Corporation). Reversed-phase flash chromatography was accomplished with RP-18 silica gel 

(40–63 μm, EM Science). Thin-layer chromatography was performed on Whatman 

glass-backed plates coated with 0.25 mm layers of silica gel 60. HR-TOF-MS spectra were 

recorded on a Micromass QTOF-2 spectrometer. All reagents were purchased from 

Sigma-Aldrich Chemical Co. and used without further purification. All solvents were reagent 

grade or HPLC grade. 

Plant Material  
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Leaf and stem sample (SVA0214) of Ardisia gigantifolia was recollected in Cuc Phuong 

National Park, Nho Quan District, Ninh Binh Province, Vietnam, on October 21, 2001, from 

the same location where the original primary active sample (SV0214) was collected on 

March 20, 1999. The exact location was forest floor at northeast side of Bong at 500 m 

altitude, in a primary forest on a steep slope, 20o 21’ 13” N, 105o 35’ 48” E. It is a shrub 3 m 

tall, with the upper leaf surface dark green, lower surface greenish purple, the peduncle green, 

turning purple toward the tip, bearing purple flower buds with white top set on a purple 

pedicel. A voucher herbarium specimen of the recollected sample (Soejarto et al. 11809) and 

that of the primary sample (Soejarto et al. 10628) have been deposited at each of the 

following institutions: Cuc Phuong National Park Herbarium (CPNP) in Nho Quan, Ninh 

Binh, Vietnam; Herbarium of the Department of Botany (HN) of the Vietnam Academy of 

Science and Technology, Hanoi, Vietnam; and at the J. D. Searle Herbarium of the Field 

Museum (F), Chicago, USA. 

Extraction and Isolation 

The dried and milled leaves and stems (5.2 kg) were extracted with CHCl3 (3) to yield 

an extract (37.9 g), which was subsequently defatted with n-hexane and partitioned with 

CHCl3. The CHCl3-soluble fraction (33.0 g) was chromatographed over a silica gel column 

(400 g) and eluted by gradient elution with petroleum ether/EtOAc and EtOAc/MeOH to 

obtain 8 fractions (F1-F8). Fraction F2 (5.15 g) demonstrated 91 % inhibition against M. 

tuberculosis H37Rv at 50 µg/mL, and was further chromatographed on a silica-gel column 

(100 g) by gradient elution with CHCl3 and increasing concentration of Me2CO to yield 6 

fractions (F9-F14). Fraction F11 demonstrated anti-TB activity against M. tuberculosis H37Rv 

with an MIC value of 12.5 µg/ml. This fraction (0.72 g) was subjected to flash column 

chromatography on a C-18 reverse phase (RP-18, 30 g) column. Subsequent gradient elution 
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with H2O and increasing concentration of MeCN yielded 5-(8Z-heptadecenyl) resorcinol (1, 

0.15 g) and 5-(8Z-pentadecenyl) resorcinol (2, 0.26 g) (Figure 3.1).  

 

Figure 3.1 Chemical structures of 1 and 2. 

Preparation of the Derivatives (3-14) of Compounds 1 and 2 

To a solution of compound 1 or 2 (5.0-8.0 mg) and corresponding selected acyl chloride 

or p-toluenesulfonyl chloride (TsCl) (3 eq) in CH2Cl2 (3 mL), triethylamine (TEA) (8 eq) and 

catalytic amount of 4-dimethylaminopyridine (DMAP) at 0 oC were added. The resulting 

reaction mixture was stirred at room temperature overnight. Volatile components in the 

reaction mixtures were removed by evaporation under reduced pressure, and the resulting 

residue was purified by silica gel column chromatography to afford ester derivatives 3-14, 

respectively.  

Preparation of Compounds 15-16 [11] 

To a stirred suspension consisting of compound 14 (5.0 mg), silver acetate (AgOAc) (4.0 

mg) and water (1.6 mg) in glacial acetic acid (5 mL), iodine (2.4 mg) was added. The 

resultant yellow mixture was stirred for 24 hr at room temperature and then filtered through a 

cotton wool plug to remove insoluble material. The filtrate was poured into CH2Cl2 (20 mL) 

in a separatory funnel, which was washed successively with H2O (2×5 mL) and saturated 
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aqueous sodium bicarbonate (NaHCO3) (5 mL). The aqueous layers were combined and 

extracted with CH2Cl2 (20 mL). The resulting organic layer was added to the original CH2Cl2 

and further washed with brine (7 mL) and then dried with sodium sulfate (Na2SO4). Removal 

of the solvent under reduced pressure gave an orange residue. 

A solution of the orange residue, potassium carbonate (K2CO3, 5.5 mg) in MeOH and 

H2O (5 mL, VMeOH : VH2O = 10:1) was stirred at room temperature overnight. The solvent was 

removed under reduced pressure, and the residue was subjected to silica gel column 

chromatography to give diols 15-16.  

Preparation of compound 17 [12] 

Sodium periodate (NaIO4, 1.29 g, 6.0 mmol) was dissolved in 2.5 mL of hot water 

(~70 °C).  To this hot solution, silica gel (230-400 mesh, 5 g) was added with vigorous 

swirling and shaking to afford a free-flowing powder.  

To a vigorously stirred suspension of this silica gel-supported NaIO4 reagent (9 mg) in 

CH2Cl2 (2 mL), a solution of diol 16 (3 mg) in CH2Cl2 (3 mL) was added. The mixture was 

stirred for 30 min and then filtered through a sintered glass funnel. The retained silica gel was 

thoroughly washed with CH2Cl2 (3×10 mL) and added to the filtrate. In vacuo removal of the 

organic solvent from the filtrate afforded aldehyde 17. 

 Compound 3, Amount, 2.5 mg; yield, 85%; colourless gum; 1H NMR (Figure S1) (400 

MHz, CDCl3) δ: 8.04 (4H, d, J = 9.1 Hz), 6.93 (3H, brs), 6.69 (4H, d, J = 9.1 Hz), 5.38-5.30 

(2H, m), 3.08 (12H, s), 2.64 (2H, t, J = 7.6 Hz), 2.05-1.97 (4H, m), 1.68-1.59 (2H, m), 

1.38-1.22 (20H, m), 0.88 (3H, t, J = 7.0 Hz); 13C NMR (Figure S2) (100 MHz, CDCl3) δ: 

165.3, 153.6, 151.5, 145.1, 132.0, 131.2, 129.9, 129.8, 118.9, 115.9, 113.2, 110.7, 110.6, 40.0, 

35.8, 31.9, 31.8, 31.0, 29.7, 29.5, 29.4, 29.3, 29.0, 27.2, 22.6, 14.1; HRTOF positive ESIMS 
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m/s 641.4316 [M+1]+, (calcd for C41H57N2O4, 641.4313). 

Compound 4, Amount, 3.0 mg; yield, 90%; colourless gum; 1H NMR (Figure S3) (400 

MHz, CDCl3) δ: 8.04 (4H, d, J = 8.9 Hz) ,6.93 (3H, brs), 6.69 (4H, d, J = 9.0 Hz), 5.38-5.32 

( 2H, m), 3.08 (12H, s), 2.64 (2H, t, J = 7.9 Hz), 2.05-1.97 (4H, m), 1.68-1.61 (2H, m), 

1.33-1.28 (16H, m), 0.88 (3H, t, J = 7.0 Hz); 13C NMR (Figure S4) (100 MHz, CDCl3) δ: 

165.3, 153.7, 151.6, 145.0, 132.0, 129.9, 118.9, 115.9, 113.3, 110.7, 40.0, 35.8, 31.8, 31.0, 

29.8, 29.7, 29.4, 29.3, 29.2, 29.0, 27.2, 22.7, 14.1; HRTOF positive ESIMS m/s 613.3973 

[M+1]+, (calcd for C39H53N2O4, 613.4000). 

Compound 5, Amount, 2.0 mg; yield, 70%; colourless gum; 1H NMR (Figure S5) (400 

MHz, CDCl3) δ: 7.15 (2H, dd, J = 4.0, 1.8 Hz ), 6.91 ( 3H, brs), 6.88 (2H, dd, J = 2.2, 2.2 Hz), 

6.19 (2H, dd, J = 4.1, 2.5 Hz ), 5.36-5.32 (2H, m), 3.96 (6H, s), 2.63 (2H, t, J = 7.6 Hz), 

2.08-1.93 (4H, m), 1.69-1.58 (2H, m), 1.38-1.22 (20H, m), 0.88 (3H, t, J = 6.2 Hz); 13C NMR 

(Figure S6) (100 MHz, CDCl3) δ: 159.3, 150.8, 145.3, 130.6, 129.9, 121.4, 119.2, 119.0, 

113.3, 108.3, 36.9, 35.7, 31.7, 31.0, 29.7, 29.6, 29.5, 29.4, 29.3, 29.0, 27.2, 22.6, 14.1; 

HRTOF positive ESIMS m/s 561.3660 [M+1]+, (calcd for C35H49N2O4, 561.3687). 

Compound 6, Amount, 1.8 mg; yield, 75%; colourless gum; 1H NMR (Figure S7) (400 

MHz, CDCl3) δ: 7.16 (2H, dd, J = 4.0, 1.8 Hz), 6.91 (3H, brs), 6.88 (2H, dd, J = 2.2, 2.2 Hz), 

6.19 (2H, dd, J = 4.0, 2.5 Hz), 5.35 (2H, m), 3.96 (6H, s), 2.63 (2H, t, J = 7.5 Hz), 2.08-1.96 

(4H, m), 1.69-1.59 (2H, m), 1.41-1.10 (16H, m), 0.88 (3H, t, J = 7.0 Hz); 13C NMR (Figure 

S8) (100 MHz, CDCl3) δ: 159.3, 150.8, 145.2, 130.6, 129.9, 129.8, 121.4, 119.2, 119.0, 113.3, 

108.3, 36.9, 35.7, 31.7, 30.9, 29.7, 29.3, 29.2, 29.0, 27.2, 22.6, 14.1; HRTOF positive ESIMS 

m/s 533.3376 [M+1]+, (calcd for C33H45N2O4, 533.3374). 

Compound 7, Amount, 1.5 mg; yield, 65%; colourless gum; 1H-NMR (Figure S9) (400 
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MHz, CDCl3) δ: 9.40 (2H, d, J = 1.5 Hz), 8.87 (2H, dd, J = 4.8, 1.5 Hz), 8.51-8.40 (2H, m), 

7.48 (2H, dd, J = 8.0, 4.8 Hz), 7.05 (1H, d, J = 1.9 Hz), 7.03 (2H, brs), 5.38-5.30 (2H, m), 

2.69 (2H, t, J = 7.8 Hz), 2.04-1.98 (4H, m), 1.71-1.62 (2H, m), 1.40-1.21 (20H, m), 0.88 (3H, 

t, J = 7.1 Hz); 13C NMR (Figure S10) (100 MHz, CDCl3) δ: 163.5, 154.1, 151.4, 150.7, 146.0, 

137.6, 129.9, 129.8, 125.4, 123.5, 119.3, 112.7, 35.8, 31.7, 30.9, 29.7, 29.6, 29.5, 29.4, 29.3, 

29.2, 29.0, 27.2, 22.6, 14.1; HRTOF positive ESIMS m/s 557.3367 [M+1]+, (calcd for 

C35H45N2O4, 557.3374). 

Compound 8, Amount, 2.0 mg; yield, 60%; colourless gum; 1H NMR (Figure S11) (400 

MHz, CDCl3) δ: 9.39 (2H, s), 8.87 (2H, d, J = 4.8 Hz), 8.46 (2H, d, J = 8.0 Hz), 7.49 (2H, dd, 

J = 7.8, 4.9 Hz), 7.05 (1H, brs), 7.03 (2H, brs), 5.47-5.20 (2H, m), 2.69 (2H, t, J = 7.8 Hz), 

2.10-1.94 (4H, m), 1.74-1.56 (2H, m), 1.42-1.18 (16H, m), 0.87 (3H, t, J = 6.3 Hz); 13C NMR 

(Figure S12) (100 MHz, CDCl3) δ: 163.5, 154.1, 151.3, 150.7, 146.0, 137.6, 130.0, 129.7, 

125.4, 123.5, 119.3, 112.7, 35.7, 31.7, 30.9, 29.7, 29.3, 29.2, 29.1, 28.9, 27.2, 27.1, 22.6, 14.1; 

HRTOF positive ESIMS m/s 529.3061 [M+1]+, (calcd for C33H41N2O4, 529.3062). 

Compound 9, Amount, 2.4 mg; yield, 85%; colourless gum; 1H NMR  (Figure S13) 

(400 MHz, CDCl3) δ: 8.88 (4H, d, J = 5.1 Hz), 8.01 (4H, d, J = 5.9 Hz), 7.03 (1H, brs), 7.02 

(2H, brs), 5.42-5.26 (2H, m), 2.68 (2H, t, J = 7.8 Hz), 2.12-1.91 (4H, m), 1.71-1.58 (2H, m), 

1.37-1.23 (20H, m), 0.88 (3H, t, J = 6.5 Hz); 13C NMR (Figure S14) (100 MHz, CDCl3) δ: 

163.4, 150.9, 150.7, 146.2, 136.6, 129.9, 129.8, 123.2, 119.3, 112.5, 35.8, 31.8, 30.9, 29.7, 

29.5, 29.4, 29.3, 29.2, 29.0, 27.7, 27.2, 22.6, 14.1; HRTOF positive ESIMS m/s 557.3371 

[M+1]+, (calcd for C35H45N2O4, 557.3374). 

Compound 10, Amount, 1.2 mg; yield, 30%; colourless gum; 1H-NMR  (Figure S15) 

(400 MHz, CDCl3) δ: 8.86 (2H, d, J = 5.7 Hz), 8.00 (2 H, dd, J = 4.4, 1.6 Hz), 6.62 (1H, dd, J 

= 1.8, 1.8 Hz), 6.61 (1H, dd, J = 2.0, 2.0 Hz), 6.56 (1 H, dd, J = 2.2, 2.2 Hz), 5.38-5.32 (2H, 
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m), 5.22 (1 H, brs), 2.58 (2H, t, J = 7.6 Hz), 2.04-1.98 (4H, m), 1.66-1.59 (2H, m), 1.36-1.23 

(16H, m), 0.88 (3H, t, J = 6.9 Hz); HRTOF positive ESIMS m/s 424.2836 [M+1]+, (calcd for 

C27H38NO3, 424.2846). 

Compound 11, Amount, 3.0 mg; yield, 95%; colourless gum; 1H-NMR (Figure S16) 

(400 MHz, CDCl3) δ: 8.20 (4H, d, J = 7.6 Hz), 7.64 (2H, dd, J = 7.4, 7.4 Hz), 7.52 ( 4H, dd, J 

= 7.7, 7.7 Hz), 7.00 (1H, d, J = 1.7 Hz), 6.99 (2H, brs), 5.45-5.26 (2H, m), 2.67 (2H, t, J = 7.9 

Hz ), 2.06-1.96 (4H, m), 1.69-1.62 (2H, m), 1.37-1.23 (20H, m), 0.88 (3H, t, J = 6.5 Hz); 

13C-NMR (Figure S17) (100 MHz, CDCl3) δ: 164.9, 151.2, 145.6, 133.6, 130.2, 129.9, 129.4, 

128.6, 119.1, 112.9, 35.8, 31.7, 31.0, 29.7, 29.5, 29.4, 29.3, 29.0, 27.2, 22.6, 14.1; HRTOF 

positive ESIMS m/s 577.3301 [M+Na]+, (calcd for C37H46NaO4, 577.3288). 

Compound 12, Amount, 8 mg; yield, 90%; colourless gum; 1H-NMR  (Figure S18) 

(400 MHz, CDCl3) δ: 8.20 (4H, dd, J = 7.1, 1.4 Hz), 7.67-7.60 (2H, m), 7.51 (4H, dd, J = 7.4, 

7.4 Hz), 7.00 (1H, d, J = 2.0 Hz), 6.99 (2H, d, J = 2.0 Hz), 5.40-5.30 (2H, m), 2.69 (2H, t, J = 

7.7 Hz), 2.07-1.95 (4H, m), 1.70-1.61 (2H, m), 1.41-1.21 (16H, m), 0.87 (3H, t, J = 6.9 Hz); 

HRTOF positive ESIMS m/s 527.3145 [M+1]+, (calcd for C35H43O4, 527.3156). 

Compound 13, Amount, 2.2 mg; yield, 85%; colourless gum; 1H NMR  (Figure S19) 

(400 MHz, CDCl3) δ: 7.64 (4H, d, J = 8.2 Hz), 7.31 (4H, d, J = 8.1 Hz), 6.69 ( 2H, brs), 6.45 

(1H, brs), 5.46-5.28 (2H, m), 2.69-2.40 (8H, m), 2.10-1.94 (4H, m), 1.40-1.20 (22H, m), 0.88 

(3H, t, J = 6.1 Hz); 13C NMR (Figure S20) (100 MHz, CDCl3) δ: 149.4, 146.0, 145.6, 131.9, 

129.9, 129.8, 128.4, 121.1, 114.1, 35.3, 31.7, 30.7, 29.7, 29.5, 29.4, 29.3, 29.0, 27.2, 22.6, 

21.7, 14.1; HRTOF positive ESIMS m/s 677.2931 [M+Na]+, (calcd for C37H50NaO6S2, 

677.2941). 

Compound 14, Amount, 7.5 mg; yield, 90%; colourless gum; 1H NMR (Figure S21) 
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(400 MHz, CDCl3) δ: 7.64 (4H, d, J = 8.3 Hz), 7.32 (4H, d, J = 8.0 Hz), 6.70 (2H, d, J = 2.2 

Hz), 6.45 (1H, dd, J = 2.2, 2.2 Hz), 5.41-5.30 (2H, m), 2.46-2.42 (8H, m), 2.10-1.95 (4H, m), 

1.43-1.10 (18H, m), 0.88 (3H, t, J = 7.0 Hz); HRTOF positive ESIMS m/s 627.2800 [M+H]+, 

(calcd for C35H47O6S2, 627.2809). 

Compound 15, Amount, 1.1 mg; yield, 25%; colourless gum; 1H-NMR (Figure S22) 

(400 MHz, CDCl3) δ: 7.72 (2H, d, J = 8.3 Hz), 7.31 (2H, d, J = 8.0 Hz), 6.54 (1H, d, J = 1.8 

Hz), 6.34 (2H, d, J= 1.7 Hz), 5.61 (1H, brs), 3.67-3.56 (2H, m), 2.50-2.39 (5H, m), 2.01-1.85 

(2H, m), 1.52-1.41 (4H, m), 1.36-1.19 (16H, m), 0.88 (3H, t, J = 6.8 Hz); HRTOF positive 

ESIMS m/s 529.2585 [M+Na]+, (calcd for C28H42O6NaS, 529.2594). 

Compound 16, Amount, 3.5 mg; yield, 35%; colourless gum; 1H-NMR (Figure S23) 

(400 MHz, CDCl3) δ: 7.65 (4H, d, J = 8.3 Hz), 7.32 (4H, d, J = 8.1 Hz), 6.72 (2H, d, J = 2.1 

Hz), 6.44 (1H, dd, J = 2.2, 2.2 Hz), 3.64-3.57 (2H, m), 2.48-2.41 (8H, m), 1.87-1.78 (2H, m), 

1.46-1.38 (4H, m), 1.33-1.18 (16H, m), 0.88 (3H, t, J = 6.7 Hz); HRTOF positive ESIMS m/s 

683.2679 [M+Na]+, (calcd for C35H48NaO8S2, 683.2683). 

Compound 17, Amount, 1.5 mg; yield, 95%; colourless gum; 1H-NMR (Figure S24) 

(400 MHz, CDCl3), δ: 9.77 (1H, t , J = 1.8 Hz), 7.65 (4H, d, J = 8.4 Hz), 7.30 (4H, d, J = 8.0 

Hz), 6.72 (2H, d, J = 2.2 Hz), 6.43 (1H, dd, J = 2.2, 2.2 Hz), 2.46-2.41 (10H, m), 1.64-1.60 

(2H, m), 1.42-1.36 (2H, m), 1.31-1.23 (6H, m); 13C NMR (Figure S25) (100 MHz, CDCl3) δ: 

202.8, 149.5, 145.8, 145.7, 132.0, 129.9, 128.5, 121.2, 114.1, 43.9, 35.3, 30.6, 29.1, 29.0, 

28.7, 22.0, 21.8; HRTOF positive ESIMS m/s 545.1657 [M+H]+, (calcd for C28H32O7S2, 

545.1662). 

Anti-TB Activity Bioassays 

The microplate Alamar Blue assay (MABA) is widely used to determine inhibition of 
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actively growing M. tuberculosis under aerobic conditions [13], while the Low Oxygen 

Recovery Assay (LORA) is used to  identify compounds with activity against 

non-replicating M. tuberculosis under hypoxic conditions [14]. Extracts, fractions, purified 

compounds and derivatives were subjected to in vitro assays. Primary screening was 

conducted at 100 μg/mL against M. tuberculosis H37Rv (ATCC 27294) using the Microplate 

Alamar Blue Assay (MABA) and Low Oxygen Recovery Assay (LORA), according to the 

procedures described by Collins [13] and Cho [14], respectively. Samples showing ≥90% 

inhibition in the primary screening were considered active and then re-tested at lower 

concentrations against M. tuberculosis H37Rv in order to determine the actual MIC. The MIC 

is defined as the lowest concentration effecting a reduction in fluorescence or luminescence 

of 90% with respect to untreated controls.  

3. Results and Discussion 

Isolation of Resorcinols 1 and 2 

The CHCl3 extract made from the initially collected leaves and stems of Ardisia 

gigantifolia demonstrated anti-TB activity with an MIC value of 25 g/mL. A larger quantity 

of the leaf and stem samples was subsequently recollected from the same location to isolate 

the active compounds. The dried sample (5.2 kg) was milled and extracted with CHCl3, 

followed by in vacuo evaporation to afford a dried extract (37.9 g). Through bioassay-guided 

fractionation of the CHCl3 extract by repeated column chromatography on silica gel, fraction 

F11 was identified as the anti-TB fraction, with an MIC value of 12.5 g/mL against M. 

tuberculosis H37Rv. Further separation of F11 using RP-18 silica gel led to the isolation of the 

anti-TB compounds 5-(8Z-heptadecenyl) resorcinol (1) and 5-(8Z-pentadecenyl) resorcinol (2) 

(Figure 1).  
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Compounds 1 and 2 were obtained as colorless gums and showed very similar NMR 

data (Table 3.1), suggesting that they have similar structures. Both compounds contain an 

aromatic ring, a C-C double bond, multi-methylenes and a methyl as evidenced by the 1H and 

13C-NMR spectral data. Compound 1 was shown to have 14 methylenes, two methylenes 

more than 2 according to the analysis of the HR-TOF-MS (1: [M-H]- m/z 345.2789, calcd. 

345.2799, C23H37O2; 2: [M-H]- m/z 317.2483, calcd. 317.2486, C21H33O2) and the NMR data. 

The coupling patterns in the downfield region [1: H 6.18 (1H, brs, 4-H), 6.24 (2H, brs, 2, 

6-H); 2: H 6.17 (1H, brs, 4-H), 6.25 (2H, brs, 2, 6-H)] showed that both compounds have a 1, 

3, 5-substituted benzene ring. Compounds 1 and 2 were determined to be a 5-alkylresorcinols 

with a double bond in the side chain, based on the above data. In comparison with the 

literature data, 1 and 2 were thus identified as 5-(8Z-heptadecenyl) resorcinol and 

5-(8Z-pentadecenyl) resorcinol, respectively [11, 15-17]. 
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Table 3.1 1H (300 MHz) and 13C (75 MHz) NMR data for compounds 1 and 2 (in CDCl3, δ in ppm, J in 

Hz). 

a Multiplicities in parentheses represent: brs (broad singlet), d (doublet), m (multiplicity), t 

(triplet). 
b Multiplicities represent: s (quaternary carbon), d (CH), t (CH2), and q (CH3). 

 

 

 1 2 

Position δH (mult) a δC (mult) b δH (mult) a δC (mult) b 

1  156.9 s  156.4 s 

2 6.18 (1H, brs) 100.2 d 6.17 (1H, brs) 100.2 d 

3  156.9 s  156.4 s 

4 6.24 (2H, brs) 108.1 d 6.25 (2H, brs) 108.1 d 

5  146.2 s  146.2 s 

6 6.24 (2H, brs) 108.1 d 6.25 (2H, brs) 108.1 d 

1 2.35(2H, t, 7.5) 35.84 t 2.45 (2H, t, 7.5) 35.84 t 

2 1.56 (2H, brs) 31.79 t 1.54 (2H, brs)  31.79 t 

3 1.27 (102H, m) 29.31 t 1.29 (82H, m) 29.29 t 

4 1.27 (102H, m) 29.77 t 1.29 (82H, m) 29.41 t 

5 1.27 (102H, m) 29.77 t 1.29 (82H, m) 29.74 t 

6 1.27 (102H, m) 31.06 t 1.29 (82H, m) 29.74 t 

7 2.01 (22H, m) 27.23 t 1.29 (82H, m) 31.05 t 

8 5.35 (21H, m) 129.9 d 2.01 (22H, m) 27.24 t 

9 5.35 (21H, m) 129.9 d 5.34 (21H, m) 130.0 t 

10 2.01 (22H, m) 27.23 t 5.34 (21H, m) 129.8 t 

11 1.27 (102H, m) 31.06 t 2.01 (22H, m) 27.24 t 

12 1.27 (102H, m) 29.77 t 1.29 (82H, m) 29.41 t 

13 1.27 (102H, m) 29.77 5 1.29 (82H, m) 31.94 t 

14 1.27 (102H, m) 29.56 t 1.29 (82H, m) 22.67 t 

15 1.27 (102H, m) 31.94 t 0.88 (3H, t, 6.2) 14.5 q 

16 1.27 (102H, m) 22.67 t   

17 0.88 (3H, t, 6.2) 14.5 q   
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Preparation of Resorcinols 1 and 2 Derivatives 

In an attempt to improve the biological activity of the isolated natural resorcinols, we 

initiated a structural modification effort. To that end, 15 derivatives were prepared by 

esterification of the phenolic hydroxyl groups and hydroxylation of the double bonds of 

compounds 1 and 2. As depicted in Scheme 1, the phenolic hydroxyl groups of the 

resorcinols were esterified with aromatic acyl chlorides including heterocyclic carbonyl 

chlorides to afford ester derivatives 3-14 in 30-95% yield. The diester 9 was prepared by 

treatment of 1 with 3 equivalents of isonicotinic acid chloride, but the monoester 10 was 

obtained by treatment of the resorcinol with 1.2 equivalents of isonicotinic acid chloride in a 

yield of 30%. 
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Scheme 1. Synthesis of the derivatives (3-14) of 1 and 2 through esterification. 
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Scheme 2. Synthesis of the diol and aldehyde derivatives of compound 2 through 

hydroxylation of the double bond. Reagents and reaction conditions: a. AgOAc, I2, VAcOH / 

VH2O = 20:1; b. K2CO3, CH3OH/H2O; c. NaIO4·SiO2, CH2Cl2. 

 

As shown in Scheme 2, compound 14 was subjected to a Woodward-Prevost reaction 

[14], followed by the subsequent hydrolysis using K2CO3, to yield derivatives 15-16. 

Compound 15 was obtained due to the deprotection of the intramolecular hydroxyl groups in 

the presence of K2CO3. Further oxidative cleavage of the diol group of 16 with NaIO4 gave 

aldehyde 17. 

Anti-TB Activity  

The source plant extract was identified as an anti-TB lead through our screening effort, 

and compounds 1-2 were subsequently isolated through bioassay-directed separation by 

determining MICs against replicating and non-replicating M. tuberculosis H37Rv using the 

MABA and LORA, respectively. Compound 1 showed MIC values of 34.4 μM against 

replicating cultures and 91.7 μM against non-replicating cultures, and 2 had MIC values of 

79.2 μM against replicating cultures and 168.3 μM in against non-replicating cultures (Table 

3.2).  



179 

 

 

Table 3.2 Anti-TB activity of compounds 1-17. a 

Compound 

Inhibition   

MABA at  

100 μg/mL 

Inhibition   

LORA at  

100 μg/mL 

MIC MABA 

(μM) 

MIC LORA 

(μM) 

1 – – 34.4 91.7 

2 – – 79.2 168.3 

3 0% 0% > 300 > 300 

4 4% 0% > 300 > 300 

5 0% 6% > 300 > 300 

6 15% 13% > 300 > 300 

7 88% 64% > 300 > 300 

8 – – 42.0 100.2 

9 87% 61% > 300 > 300 

10 – – 236.1 216.2 

11 0% 9% > 300 > 300 

12 10% 36% > 300 > 300 

13 16% 38% > 300 > 300 

14 26% 46% > 300 > 300 

15 89% – > 300 > 300 

16 42% 49% > 300 > 300 

17 18% 11% > 300 > 300 

Rifampin   0.06 0.24 

Isoniazid   0.47 >256 

Metronidazole   >512 31.2 

Capreomycin   3.51 3.73 

Streptomycin   0.57 0.88 

a  Minimum inhibitory concentration (MIC), determined under aerobic (MABA) or hypoxic (LORA) 

conditions against M. tuberculosis H37Rv. Each value is the mean of at least three independent 

determinations. 
 

In addition to the natural occurring resorcinols (1 and 2), we prepared 15 synthetic 

derivatives of these molecules for assessment of anti-TB potentials. The synthetic compounds 

were evaluated for their anti-TB activities against M. tuberculosis H37Rv in vitro (Table 3.2). 

While most of the derivatives displayed little or no inhibitory activity against the bacteria at 

the concentration of 100 μg/mL, derivative 8 showed equivalent activity to that of compound 
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1 with the MIC values at 42.0 μM in MABA assay and 100.2 μM in LORA assay. Through 

analysis of the activity data of Table 3.2, distinct structure–activity relationships (SARs) have 

been observed for these resorcinol compounds. Based on the SAR analysis, we obtained 

some preliminary conclusion: 1) Although the esterification approach did not significantly 

boost the activity, the slight improvement of the anti-TB activity of 8 in comparison with its 

parent compound (2) indicated that the phenolic hydroxy groups may be used as the 

functional groups to synthesize other derivatives; 2) Presence of the double bond in the side 

chain is essential to retain the anti-TB activity for this type of compounds. This effect was 

observed when the double bond was hydrolyzed as in the cases of compounds 15-16; 3) the 

C2 symmetrical structure may not be important for the anti-TB activity as evidenced by the 

cases of compounds 9 and 10. 

Although the 15 resorcinol derivatives synthesized did not produce a significant 

improvement in the anti-TB activity of compounds 1 and 2, the activity profiles of compound 

8 verified that the anti-TB activity was marginally enhanced by our present synthetic 

approach. Further, since 8 contains nitrogen, it can be made water soluble by preparing it as a 

salt compound, which is worthy for further study as a novel anti-TB agent. 

There have been only two anti-TB drug introduced in the past 40 years and the rapid 

acquisition of drug resistance to the existing drugs necessitates development of new, effective 

and affordable anti-TB drugs [4]. Plant-derived anti-TB compounds provide a great potential 

for discovery of novel anti-TB agents due to their exceptionally wide diversified structure 

classes, including terpenoids, alkaloids, phenolic compounds and so on [18]. Our 

bioassay-guided fractionation of the leaves and stems of the medicinal plant A. gigantifolia 

led to the isolation of two active resorcinols (1 and 2), which demonstrated inhibitory activity 

against M. tuberculosis (H37RV) in vitro with MIC values at 34.4 μM and 79.2 μM in MABA 
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assay respectively, and 91.6 μM and 168.2 μM in LORA assay respectively. Hence medicinal 

plants remain an important resource to find new therapeutic agents. 

4. Conclusions  

In conclusion, anti-TB bioassay-guided fractionation of the CHCl3 extract of the leaves 

and stems of A. gigantifolia led to the isolation of two 5-alkylresorcinols. Further, 15 

synthetic derivatives were prepared from these two lead compounds. These compounds 

(natural and synthetic) were evaluated for their anti-TB activity against M. tuberculosis 

H37RV. The distinct structure–activity correlations were elucidated based on these derivatives. 

Derivative 8 showed equivalent activity to those of the compound 1, and it displayed 

improved anti-TB activity as compared with its parent compound (2). Since 8 is a nitrogen 

containing compound, it can be made as a water soluble salt, which is considered as valuable 

in drug development for the improvement of bioavailability. The compound should be 

regarded as a lead compound for synthesis of additional resorcinol derivatives in the search of 

novel anti-TB agents. 
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6. Supplementary data 

 

Figure S5. 1H NMR (400 MHz, CDCl3) spectrum of compound 3 

 

 

Figure S6. 13C NMR (100 MHz, CDCl3) spectrum of compound 3 
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Figure S7. 1H NMR (400 MHz, CDCl3) spectrum of compound 4 

 

 

Figure S8. 13C NMR (100 MHz, CDCl3) spectrum of compound 4 
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Figure S9. 1H NMR (400 MHz, CDCl3) spectrum of compound 5 

 

 

Figure S10. 13C NMR (100 MHz, CDCl3) spectrum of compound 5 
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Figure S11. 1H NMR (400 MHz, CDCl3) spectrum of compound 6 

 

 

Figure S12. 13C NMR (100 MHz, CDCl3) spectrum of compound 6 
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Figure S13. 1H NMR (400 MHz, CDCl3) spectrum of compound 7 

 

Figure S14. 13C NMR (100 MHz, CDCl3) spectrum of compound 7 
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Figure S15. 1H NMR (400 MHz, CDCl3) spectrum of compound 8 

 

 

Figure S16. 13C NMR (100 MHz, CDCl3) spectrum of compound 8 
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Figure S17. 1H NMR (400 MHz, CDCl3) spectrum of compound 9 

 

 

Figure S18. 13C NMR (100 MHz, CDCl3) spectrum of compound 9 
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Figure S19. 1H NMR (400 MHz, CDCl3) spectrum of compound 10 

 

 

Figure S20. 1H NMR (400 MHz, CDCl3) spectrum of compound 11 
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Figure S21. 13C NMR (100 MHz, CDCl3) spectrum of compound 11 

 

 

Figure S22. 1H NMR (400 MHz, CDCl3) spectrum of compound 12 
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Figure S23. 1H NMR (400 MHz, CDCl3) spectrum of compound 13 

 

 

Figure S24. 13C NMR (100 MHz, CDCl3) spectrum of compound 13 
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Figure S25. 1H NMR (400 MHz, CDCl3) spectrum of compound 14 

 

 

Figure S26. 1H NMR (400 MHz, CDCl3) spectrum of compound 15 
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Figure S27. 1H NMR (400 MHz, CDCl3) spectrum of compound 16 

 

 

Figure S28. 1H NMR (400 MHz, CDCl3) spectrum of compound 17 
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Figure S29. 13C NMR (100 MHz, CDCl3) spectrum of compound 17 
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Figure S30. HRTOFMS spectrum of compound 1 

 

 

Figure S31. HRTOFMS spectrum of compound 2 
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Figure S32. HRTOFMS spectrum of compound 3 

 

 

Figure S33. HRTOFMS spectrum of compound 4 
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Figure S34. HRTOFMS spectrum of compound 5 
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Figure S35. HRTOFMS spectrum of compound 6 
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Figure S36. HRTOFMS spectrum of compound 7 
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Figure S37. HRTOFMS spectrum of compound 8 
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Figure S38. HRTOFMS spectrum of compound 9 
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Figure S39. HRTOFMS spectrum of compound 10 
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Figure S40. HRTOFMS spectrum of compound 11 
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Figure S41. HRTOFMS spectrum of compound 12 
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Figure S42. HRTOFMS spectrum of compound 13 
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Figure S43. HRTOFMS spectrum of compound 15 



209 

 

 

 

Figure S44. HRTOFMS spectrum of compound 16 
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CHAPTER 4 

 

ANTIFUNGAL ACTIVITIES OF TWO NATURAL ALKALOIDS 

AGAINST TRICHOPHYTON RUBRUM ON IN VITRO AND IN VIVO 

GUINEA PIG MODEL OF DERMATOPHYTOSIS 
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Abstract 

Dermatophytosis, also named as athlete's foot disease which is commonly caused by 

Trichophytons, is one of public health problems that affects about 20% of the world’s 

population. Increasing serious resistance to the existing antifungal drugs, together with a 

narrow fungicidal range of such drugs, emphasizes the need to search for novel antifungal 

drugs. Natural products are attractive resources for developing new fungicides owing to their 

wide range of biological activities. This research was conducted to verify the antifungal 

activity of the alkaloids, chelerythrine (MC1) and sanguinarine (MC2) from Macleaya 

cordata, against Trichophyton rubrum and to further assess their possible mechanism of 

theantifungal action in guinea pigs infected with T. rubrum. Susceptibility assays against T. 

rubrum were performed as described in M38-A2 (CLSI). Both MC1 and MC2 showed 

significant fungicidal effects, with median minimum inhibitory concentration (MIC50) values 

at 2.84 and 2.26 μM, respectively. Mechanistic study for the antifungal efficacy showed that 

MC1 and MC2 were potent inhibitors of ergosterol biosynthesis in vitro by reducing the 

amount of ergosterol without affecting the expression of 1,3-β-glucan. As for the in vivo 

experiment, guinea pigs were inoculated with T. rubrum and the course of infection was 

evaluated clinically by lesions. Inoculation leaded to lesions in all guinea pigs, with a clinical 

course consisting of an incubation period, an inflammatory and a phase of lesion resolution. 

The examination of skin tissue sections stained by HE and PAS revealed that MC1 and MC2 

could reduce the severity of acanthosis, hyperkeratosis, spongiosis and dermal edema 

compared with the model group. Taken together, chelerythrine (MC1) and sanguinarine 

(MC2) may represent potential lead compounds in the search for novel dermatophytosis 

therapeutic drugs. 
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1. Introduction 

Pathogenic fungi causes various kinds of infections, including skin, mucosal, and 

allergic infections, and most of them are not typically life-threatening [1]. However, invasive 

fungal infections (IFI) can affect the important splanchnic organs, sometimes deadly in 

immunodeficiency patient such as cancer and AIDS patients [1]. There are many infectious 

diseases caused by the fungi. Dermatophytosis (also named as tinea pedis, athlete's foot and 

Hong Kong foot) is a widely spread, difficult to manage disease, which is a typical fungal 

infection of the skin that leads to signs and symptoms such as itching, scaling, and redness of 

affected areas [2]. The disease is commonly caused by dermatophytes and is typically 

transmitted on the warm and damp surfaces around pools, public showers and bathrooms [3]. 

Trichophyton rubrum is one of the major dermatophytes which is most commonly associated 

with athlete’s foot disease [3-4]. The fungus grows best in moist skin areas like between the 

toes. There may be oozing or crusting blisters, pain, swelling and inflammation in the 

affected area [5]. Although dermatophytes tend to affect the feet, it can infect or spread to the 

other parts of the body, such as the groin, and the name of the condition changes according to 

the infected location, such as tinea corporis on the body [1].  

There is a long felt need for a practical and efficacious topical treatment of athlete's foot 

disease that can be prescribed over the counter. The topical medicines for athlete's foot 

disease include the form of spray, ointment, powder, cream, aerosol solution or gel. Common 

active compositions in these remedies include miconazole nitrate and tolnaftate [4]. These 

drugs have limited success as resistance to treatment and recurrence is common. It’s very 

common in clinic that pooled relative risks of failure for topical treatments for fungal 

infections. Previous study found even the best anti-fungal topical drugs allylamines had on 

average a 30% failure to cure [6]. Other anti-fungal topical drugs like azoles, undecenoic acid, 
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and tolnaftate are less effective. Moreover, allylamines are much more expensive than other 

treatments such as azoles. Thus, despite there are the topical anti-fungal drugs available on 

the market, there is absolutely a need for an inexpensive effective treatment for athlete's foot 

disease.  

During the clinical treatment, only two classes of natural chemicals (griseofulvin and 

polyenes), one class of semi-synthetically derived natural product (echinocandins), and four 

classes of synthetic chemicals (allylamines, azoles, flucytosines, and phenylmorpholines) 

have been identified as viable drugs for medical treatment against fungal infections [7]. The 

difficulties in antifungal drug development also stem from the fact that pathogenic fungi are 

eukaryotic as are mammalian cells. Hence, searching for the antifungal agents, having no 

serious side-effects proves to be very difficult to achieve [8]. This is also one reason that is 

why only few classes of chemical compounds represent the major portion of antifungal drugs. 

As it was mentioned earlier, several therapeutic antifungal drugs in the market were 

derived from natural sources [9], which suggests natural products as prominent candidates for 

discovery and development of antifungal drugs. Macleya cordata has been used as a folk 

medicine for centuries. The plant is a specie of flowering plant in the poppy family, and is a 

widely distributed in Hunan, Guizhou, Guangxi and Yunnan provinces, China. M. cordata has 

long been used as traditional Chinese medicine for its analgesic and anti-inflammatory 

properties. Chelerythrine (MC1) and sanguinarine (MC2) are the major active constituents of 

M. cordata, which displayed a broad range of bioactivities, such as antibacterial activity, 

anti-inflammation, adrenolytic effects, anticancer and so on [10]. Previous research 

demonstrated that MC1 and MC2 have significant activities against fungi including plant 

fungal pathogens and yeasts [11]. However, the anti-T. rubrum activity of the two compounds 

has not been reported until now.      

Based on our antifungal screening platform, we found that both Chelerythrine (MC1) 
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and sanguinarine (MC2) showed distinct inhibitory effects on the growth of T. ruburm. The 

purpose of the current research was to determine the anti-T. rubrum effects of MC1 and MC2 

in vitro and in vivo. Guinea pigs infected with T. rubrum are commonly used as 

dermatophytosis animal models to estimate the efficacy of antifungal agents and for studying 

host defense mechanisms [12-14]. Thus, we attempted to assess the therapeutic effects of 

topical application of MC1 and MC2 in guinea pig dermatophytosis models.  

 

2. Materials and methods 

Materials. (i) Guinea pigs. Female guinea pigs (mean body weight, 250 g) were obtained 

from Guangdong Medical Laboratory Animal Center (Guangdong, China). 

(ii)Dermatophyte isolates. T. rubrum ATCC-MYA4438 isolate was cultured on potato 

dextrose agar (PDA; sigma, USA) plates and incubated at 28C.  

(iii) Antifungal agents. Chelerythrine (MC1) and sanguinarine (MC2) was isolated and 

identified by our laboratory from Macleaya cordata (Willd.) R. Br. The structures of 

chelerythrine and sanguinarine were shown in Figure 4.1. Miconazole was purchased from 

Sigma-Aldrich (St. Louis, USA), and micafungin was purchased from Dalian Meilun (Dalian, 

China). 

 

Figure 4.1 The structures of chelerythrine and sanguinarine. 

 

The modification of the liquid antifungal assay. To evaluate the antifungal activity, T. 
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rubrum was cultured for 2 weeks at 28C on PDA to produce conidia. A mixed suspension of 

conidia and hyphae fragments were obtained by covering the fungal colonies with sterile 

saline (0.85%) and gently rubbing the colonies with the inoculation loop. Then, the 

suspension was filtered with a sterile four layers of lens paper to remove the hyphae and 

centrifuged at 1000g for 10 min to collect the conidia [15]. These conidia were washed twice 

by agitation in sterile saline. The concentration of conidia or spore was adjusted with sterile 

saline to 1 × 104 cells/mL by hemocytometer counts. The antifungal susceptibility testing was 

performed as outlined in document M38-A2 [16], with minor changes. The medium used was 

RPMI 1640 with L-glutamine buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic 

acid (MOPS), and was supplemented with 2% glucose (m/v). The prepared conidia or spore 

suspension was seeded on 96-well plates that had been previously added with serial two-fold 

dilutions of chelerythrine (MC1) and sanguinarine (MC2) (190 μL of cell suspension and 10 

μL of tested agents in each well, and three replicates were used for each treatment). 

Miconazole was served as a positive control in the assay. The 96-well plates were then 

incubated at 28±2 C for 7 days. The optical density (OD) reading was measured by 

microplate reader at 510 nm. The fungal growth inhibition is determined using the formula: 

 

Ac was an average of OD value of the negative controls, and At was an average of OD value 

of the tested agents. The median inhibitory concentration (MIC50) was calculated by 

Graphpad prism 5. The minimal inhibitory concentration (MIC) is the antifungal 

concentration at which at least 80% decrease in absorbance is detected compared with the 

control in the absence of drug. Three replicate determinations for each treatment group were 

conducted in each experiment. 
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Microscopic examination of fungal morphology. The examination on the morphological 

alterations caused by chelerythrine (MC1) and sanguinarine (MC2) in T. rubrum was 

performed in triplicate in 96 well plates. The spores were prepared in a sterile 0.85% saline 

solution. The suspensions were then diluted in broth and planted in the wells that had been 

previously added with the samples diluted at a working concentration of 1.25 μg/mL. 10 μL 

of miconazole in 10% DMSO aqueous solution (the positive control) with 190 μL of 

suspension and 10 μL of 10% DMSO (the negative control) with 190 μL of suspension were 

included in the experiment. The plate was cultured at 28C for three days. After incubation, 

hyphae were fixed in lacto-phenol–cotton blue stain and observed under the optical 

microscope at 400× to examine morphological alterations. The microscopic structural 

alterations in the test were recorded and compared with the normal growth in the control 

groups.  

 

Cell membrane ergosterol. Conidia were collected with sterile saline from recent cultures 

on PDA at a density of 1×104 CFU/mL. The fungal culture conditions for sterol extraction 

were carried out with the methods described by Pinto with minor changes [17]. In brief, cell 

suspensions (200 μL, 1×104 cells/mL) were inoculated in 20 mL of medium with different 

concentrations of chelerythrine (MC1) and sanguinarine (MC2), together with miconazole as 

a positive control and DMSO aqueous solution as a negative control (without test compound). 

The culture tubes were then incubated at 30°C for 3 days with shaking at 200rpm. At the end 

of culture, fungal hypha was harvested by centrifugation at 3000g for 10 min, washed with 

PBS, dried and weighted. Cell pellets were separately transferred to sterile glass tubes 

contained 15 mL of 10% alcoholic KOH solution, followed by vigorous vortical agitation. 

The mixture was then incubated into an 80°C water bath for 90 min. The tubes were cooled to 

room temperature, and sterols were extracted with petroleum ether (boiling range 30-60°C). 
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The free sterols in the phase of petroleum ether were transferred to clean glass tubes and 

heating to dry. The extracted sterols were subsequently dissolved into 1 mL of methanol and 

analysed by HPLC [18]. In brief, the chromatography was performed with an Agilent 1100 

HPLC system with DAD detector (Angilent, USA). The C18 column (3.5 µm, 3 mm × 150 

mm) was used for the ergosterol analysis. The mobile phase was 100% of HPLC grade 

methanol (Merck, USA), and the flow rate was at 0.4 mL/min with an injection volume of 10 

μL. The fungal ergosterol content was quantified by the absorbance recorded in the 

chromatograms, and comparison with external standards, at 282 nm.  

 

Quantification of 1,3-β-glucan levels in cell wall. 1,3-β-glucan was quantified with aniline 

blue assay as described previously [4, 19-20]. In brief, 1 × 106 conidia of T. rubrum were 

used to inoculate into 25  mL o f  RPMI 1640 medium and incubated in the presence or 

absence of fixed concentrations of different agents for 72 hours at 30°C and 220 rpm. 

Hyphae and cells were collected by centrifugation at 3000g for 10 min, washed three times 

with 0.1 M NaOH solusion, and lyophilized for 48 hours. Five milligrams of lyophilized 

hyphal mat from each group were resuspended in 250 µL of 1 M NaOH and sonicated for 1 

min, subsequently incubated at 52°C water bath for 30 min. Then, three 50 µL volumes from 

each sample were aliquoted into the 1.5 mL centrifuge tubes. A volume of 185 µL of aniline 

blue mix (0.067% aniline blue, 0.35N HCl, 0.98 M glycine-NaOH, pH 9.5) was 

subsequently added to each tube, followed by an additional 52°C water bath for 30 min. 

After the incubation, the suspension from each tube was transferred to the 96-well 

fluorescence plate and fluorescence readings were acquired from an EnVision® Multi-mode 

Plate Reader (PerkinElmer, USA) at 405-nm excitation and 460-nm emission. Values are 

expressed as the percentage in relative fluorescence units of the untreated control. Final 

results were obtained from three independent experiments.  
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Skin-irritation testing (Draize patch test). The compounds were tested for primary skin 

irritation using Draize patch test with modifications in nude mice [21]. The protocol for the 

animal study was approved by the Institutional Animal Care and Use Committee of Hong 

Kong Baptist University. For this study, nude mice weighing 20g were used. Both of them 

were dissolved in sterile water at 1 mg/mL and applied on the back skin of nude mice by 

uniform spreading within area of 4 cm2 once daily for 10 days. The skin was recorded for any 

visible changes such as erythema (redness) or edema (swelling) every day.  

 

In vivo antifungal assay 

Preparation of inocula.  T. rubrum was grown on PDA at 28C for 14 days. The conidia 

were harvested by carefully scraping the surface of the PDA plate with 10 mL sterile saline.  

The suspension was mixed and then filtered through four layers of sterile lens paper to 

remove hyphae and agar debris. The conidia filtrate was collected and centrifuged, following 

by washing twice with saline. The conidia were counted and adjusted to 1 × 108 conidia/mL 

using a hemacytometer, which were used to inoculate the animals.  

  

Guinea pig dermatophytosis model.  Female guinea pigs with an average weight of 250 g 

were housed in the air-conditioned room (temperature 22 ± 2°C), and were divided into eight 

groups comprising six animals in each group (see Table 4.1). Dermatophytosis was induced 

by a minor modification of the method described by Ghannoum et al.[22-23]. In brief, 

animals were anaesthetised by intramuscular administration of an anaesthetic chloral hydrate. 

The back of the animal was clipped and shaved, and two areas of 2.5 cm×2.5 cm (6.25 cm2) 

were then gently abraded using sterile fine-grit sandpaper. 100 μL of conidia suspension (1 

× 108 cells/mL) was applied using a aseptic pipette-tip and rubbed thoroughly on the 

abraded skin. Topical treatments with tested agents were then applied once a day to the 
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infected area by day 11 of post-infection, and treatments were continued for 10 days as 

shown in Table 4.1. This animal experiment was approved by the laboratory animal ethics 

committee of Shenzhen University, China [Approval number: SYXK (Yue) 2014-0140]. 

Analyses consisted of a clinical evaluation [24] and subsequent mycological evaluation were 

used to determine the status of dermatophytosis model by direct microscopic examination of 

scrapings from a potassium hydroxide (KOH) preparation revealing hyphae [25-26].  

 

Table 4.1 The characteristics of chelerythrine (MC1) and sanguinarine (MC2) treated groups 

in a guinea pig model of dermatophytosis. 
Group (n = 6) Treatment 

Negative control (NC) 
The animals received a vehicle containing 100 μL 

of saline plus 0.1 mL of distilled water. 

Model group (infected and received vehicle) 
The model animals received a vehicle 

containing 100 μL of saline. 

Miconazole (positive control) 
The positive control animals received 0.2 

mg/cm2/d. 

(MC1 or MC2) Low dosage Animals received the agent of 0.1 mg/cm2/d. 

(MC1 or MC2) Middle dosage 0.2 mg/cm2/d 

(MC1 or MC2) High dosage 0.4 mg/cm2/d 

 

Clinical assessment of the lesions. The lesions of each animal were clinically followed up 

daily by the same person. Clinical assessment of each animal is acquired with a 

semi-quantitative score according to the clinical signs in comparison with negative group 

based on the previous methods [23]. Briefly, each infected area of the skin was scored as 

follows: 0 = normal; 1= few slightly erythema; 2 = well-defined redness, swelling with 

bristling hairs, bald patches, scaly areas; 3 = large areas of marked redness, incrustation, 

scaling, bald patches, ulcerated in places; 4 = partial damage to the integument; and 5 = 

extensive damage to the integument. The summated scores for the two sites on each guinea pig 

(maximum score = 10) were calculated and used in the clinical evaluation of the therapeutic 
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efficacy of the agents. The following formula is used to calculate the percent efficacy for all 

treatment groups. Clinical efficacy %= 100- (T ×100 ⁄ C), where, T = total score of treatment 

group and C = total score of negative control. The total score for each group signifies the 

average clinical score for animals in the same group.   

 

Pathological examination: hematoxylin and eosin and Periodic Acid-Schiff staining. 

Skin biopsy specimens were collected under anesthesia from the guinea pigs inoculated with 

T. rubrum after 10 days treatment. After rinsing three times with phosphate-buffered saline 

(PBS), half of specimens were fixed overnight in 4% paraformaldehyde at 4°C for 

hematoxylin and eosin section (H&E), and the other half of specimens were fixed overnight 

in Carnoy's solution for Periodic Acid-Schiff section (PAS). Afterward, the epidermis was cut 

from the insert with a surgical scalpel and immersed in sterile PBS, and then the tissues were 

washed and processed for dehydration using graded ethanol, vitrification by xylene, 

immersion, and embedding in paraffin. Slices with 5 μm thicknesses were cut from the 

embedded tissues and dealt with H&E and PAS staining for light microscopic examination. 

The normal skin tissues harvested from normal group were processed with H&E and PAS 

staining at the same time for comparison. 

 

Statistical analysis. All data were expressed as the mean ± SEM. Statistical analyses were 

performed with GraphPad Prism 5. P values were calculated by analysis of variance 

(ANOVA). A significant difference was established at a P value <0.05. 

 

3. Results 

In Vitro antifungal susceptibility testing.  
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The antifungal activity of the two alkaloids were evaluated against T. rubrum in vitro. 

Their potency was quantitatively assessed by MIC and MIC50 which are shown in Table 4.2. 

Chelerythrine (MC1) and sanguinarine (MC2) exhibited good inhibitory effects on the 

growth of T. rubrum spore germination with MIC50 values of 2.84 and 2.26 μM, respectively. 

As T. rubrum was a dermatophytic fungus, the result indicated that chelerythrine (MC1) and 

sanguinarine (MC2) should be eligible drug candidates against dermatophytosis with their 

potential applications. 

 

Table 4.2 Antifungal activity of MC1, MC2 and miconazole against T. rubrum.  

Compounds MIC* (μM) MIC50
# (μM) 

Chelerythrine (MC1) 13.0 2.84 

Sanguinarine (MC2) 13.6 2.26 

Miconazole 6.0 1.71 

*Minimal inhibitory concentration (MIC), #50% of minimal inhibitory concentration (MIC50). 

Microscopic examination of fungal morphology.  

The hyphae under light microscope at 400× magnification after exposure to 

chelerythrine (MC1) and sanguinarine (MC2), showed some morphological abnormalities. 

Both MC1 and MC2 induced similar morphological changes in fungal hyphae at 1.25 μg/mL. 

As shown in Figure 4.2, compared with normal control, the hyphae were aberrant including 

clearly thinner, lightly colored and numerous branches of hyphae. 
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Figure 4.2 Light microphotographs of T. rubrum growing on broth without or with 

chelerythrine (MC1) and sanguinarine (MC2) during 72 h incubation at 28C (Lacto-phenol 

cotton blue stain, 400×). (A) Control experiment showing typical forms of species and and 

presence of chlamydospores. (B) Modifications on hyphae development induced by 

miconazole (1.25 μg/mL). (C and D) T. rubrum showed morphological changes after treated 

with MC1 (C) and MC2 (D) at 1.25 μg/mL, including aberrant including clearly thinner, 

lightly colored and numerous branches of hyphae.   

 

Ergosterol detection. 

Ergosterol (tR 6.2-6.9 min) was detected at their maximum absorption wavelength (282 

nm), and it was identified by the external standard. Ergosterol was well separated, without 

interferences, in all tested compounds. Both chelerythrine (MC1) and sanguinarine (MC2) 
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are active against T. rubrum, and miconazole is known as an inhibitor of ergosterol 

biosynthesis. A typical of chromatograms is showed in Figure 4.3. Ergosterol levels in T. 

rubrum were significantly lower than that of control, MC1 and MC2 group.  And 4 μM of 

miconazole exhibited lower ergosterol level than that of the control in T. rubrum. T. rubrum 

was more sensitive to MC2 as well, showing lower ergosterol contents than in the treatment 

of MC1 at 8 μM, which is consistent with their antibacterial ability in vitro. 

 

Figure 4.3 HPLC chromatograms obtained from the extracts of hyphae of T. rubrum.  

Detection of 1, 3-β-glucan.  

1, 3-β-Glucan is a main constituent of fungal cell wall. Quantification of 1, 3-β-glucan 

content was performed by fluorometric aniline blue staining method. No changes were found 
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in the measurable 1,3-β-glucans in T. rubrum after treatment with MC1 or MC2 (Figure 

4.4). The treatment with micafungin (4 µg/mL) for 72 h decreased the 1,3-β-glucan 

content to about 60% level of the control.  

 

Figure 4.4 Measurement of cell wall 1,3-β-glucan content of T. rubrum in the prensence of 

chelerythrine (MC1) and sanguinarine (MC2) at the concentration of 4 μM. Micafungin (4 

μM) was used as a positive control which cause decreased baseline levels of 1,3-β-glucan. 

The aqueous DMSO was served as negative control. The data are from three independent 

experiments measured in triplicate, and presented as means ± sd.  

 

Skin irritation test.  

The two alkaloids (MC1 and MC2) have no clinically observable skin irritation with the 

the skin irritation test. Table 4.3 showed visual Draize scores for erythema and edema during 

the 10 days of continuous exposure to the tested agents. No signs of erythema and edema 

were observed in any tested nude mice during the observation period. This indicated safety of 

chelerythrine (MC1) or sanguinarine (MC2) for skin application. The photographs depicted 

in Figure 4.5 showed absence of signs of irritation such as no dermal reaction or erythema. 
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Table 4.3 Primary irritation intensity of chelerythrine (MC1) and sanguinarine (MC2) after 10 days 

treatment. 

Day 

Reaction 

MC1 MC2 

Erythematic Edema Erythematic Edema 

1 1 1 1 1 

2 1 1 1 1 

3 1 1 1 1 

4 1 1 1 1 

5 1 1 1 1 

6 1 1 1 1 

7 1 1 1 1 

8 1 1 1 1 

9 1 1 1 1 

10 1 1 1 1 

Average 1 1 1 1 

Intensity Nonirritant Nonirritant Nonirritant Nonirritant 
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Figure 4.5 Photographs of primary skin irritation (open Draize patch test with little 

modication) studies of chelerythrine (MC1) (left) and sanguinarine (MC2) (right) at 1 mg/mL 

in nude mice. 

 

Efficacy of once-daily chelerythrine (MC1) and sanguinarine (MC2) in a guinea pig 

model of dermatophytosis. 

 All guinea pigs affected showed an array of clinical signs on day 10 after infection. As 

anticipated, no significant differences in symptoms of infection were observed among 

infected groups on day 10 when drug treatment was initiated. A potassium hydroxide (KOH) 

microscopic examination of skin scraping also revealed hyphae and spores (data are not 

shown here). Agents were applied topically once daily to the infected area, starting on day 11 

after infection and continued for 10 days as shown in Table 4.1. On day 21, representative 

pictures of infected areas were taken. Comparison of the appearance of infected area among 

groups with different degree of skin lesions was shown in Figure 4.6. 

All animals were carefully observed once daily after fungal inoculation. All signs of skin 

lesions should be recorded and assessed in all groups of guinea pigs every day. In the affected 

groups, the severity of the lesions progressively increased and reached a maximum 

approximately 10 days post-infection. Skin lesion scores began to decrease after treatment 

with miconazole, and all dose groups of chelerythrine (MC1) and sanguinarine (MC2). After 

10 days treatment, statistically significant differences in the lesion scores were observed 

among the vehicle group and the groups receiving miconazole, different dose of MC1 and 

MC2 (0.1, 0.2 and 0.4 mg/cm2) (P<0.001). The clinical efficacy percentage for each 

treatment group compared with normal controls was shown in Table 4.4. The lesion scores 

dropped rapidly at groups of the low dosage of MC1 (0.1 mg/cm2, 0.55 ± 0.16; P < 0.05), 

middle dosage of MC1 (0.5 ± 0.1; P < 0.05) and high dosage of MC1 (0.5 ± 0.16; P < 0.05) 

in comparison with the model group. Similarly, lesion scores were significantly different from 
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that of the model group (P < 0.05) among the different dosage groups of MC2. The lesion 

scores in low dosage of MC2 (0.1 mg/cm2, 0.55 ± 0.14; P < 0.05), middle dosage of MC2 

(0.5 ± 0.09; P < 0.05) and high dosage of MC2 (0.5 ± 0.1; P < 0.05) were obviously lower 

than that of model group. Both of MC1 and MC2 groups showed the similar lesion scores 

with miconazole group. In addition, MC1 and MC2 groups demonstrated higher clinical 

efficacies (ranging from 89% to 94%) that of the model group (P < 0.001). 

Typical skin lesions in all groups are shown in Figure 4.6. The animals in the model 

group exhibited patchy hair loss, abundant skin scales and visible skin ulcer (Figure 4.6B). 

Instead, animals received miconazole showed the fresh hair growth, without obvious signs of 

infection (Figure 4.6C). The skin of animals treated with chelerythrine (MC1) and 

sanguinarine (MC2) (0.1, 0.2 and 0.4 mg/cm2) looked healthy and smooth with no redness, 

swelling, and scarring (Figure 4.6D - I). These symptomatological findings indicate that both 

MC1 and MC2 showed therapeutic effects on the dermatophyte infection even at very low 

dose (0.1 mg/cm2). 
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Table 4.4 Therapeutic effect of chelerythrine (MC1) and sanguinarine (MC2) in a guinea pig model of 

dermatophytosis. 

Treatment 

Administration 

period (days 

after infection) 

Number of 

infection 

site 

Score of lesion 

on the 

infection site 

Clinical efficacy 

(%) 

Negative control  

10 12 

NA NA 

Model group  7.6 ± 0.33 NA 

Miconazole 0.5 ± 0.13* 93.42 ± 1.66 

MC1 

Low 0.55 ± 0.16* 89.47 ± 2.16 

Middle  0.5 ± 0.1* 93.41 ± 1.38 

High  0.5 ± 0.16* 93.42 ± 2.20 

MC2 

Low 0.55 ± 0.14* 90.79 ± 1.81 

Middle  0.5 ± 0.09* 93.42 ± 1.17 

High  0.5 ± 0.1* 93.43 ± 1.16 

Guinea pigs were randomly divided into 9 groups, with 6 animals in each group. Guinea pigs 

in negative control group were uninfected and received saline. Animals in model group were 

infected and received saline. *P<0.05 versus model group. NA, not applicable.  
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Figure 4.6 Appearances of the inoculation sites of the guinea pigs in different treatment 

groups. Groups of six guinea pigs were treated once daily for 10 days with miconazole (C, 

0.2 mg/cm2/d), chelerythrine (MC1) (D-F) and sanguinarine (MC2) (G-I) (D and G, low 

concentration 0.1 mg/cm2/d; E and H, middle concentration 0.2 mg/cm2/d; F and I, high 

concentration 0.4 mg/cm2/d), or vehicle (B) after infection. (A) normal control.  

 

Histopathological evaluation.  

With the microscopic examination of the sections stained with H&E and PAS, 

histopathological changes were detected. Figure 4.7 displayed the H&E staining results of skin. 

Negative control group presented normal histology of epidermis and dermis. While, diseased 

model group showed severe proliferation of epidermis with hyperkeratosis, in which the 



230 

 

 

stratum corneum thickens. The dermis presents typical inflammatory infiltrates. The 

miconazole group also exhibited mild thickening and proliferation of the epidermis with a low 

inflammatory response in dermis. With application of 0.1, 0.2 and 0.4 mg/cm2 of chelerythrine 

(MC1) in group D to F guinea pigs, no significant proliferation of the epidermis and stratum 

corneum hyperkeratosis was observed. Similarly, groups G, H and I [0.1, 0.2 and 0.4 mg/cm2 of 

sanguinarine (MC2), respectively] showed mild thickening of epidermis and mild stratum 

corneum hyperkeratosis.  

    In the skin of the model group treated with the medium, strong PAS positive reaction was 

observed in the basement membrane of the epidermis, hair follicles and sebaceous gland. The 

number of dermal cells and hydropic alterations also increased, which was consistent with 

H&E stain. While, moderate PAS positive reaction was observed in the back skin of 

miconazole and all doses of MC1 and MC2 animals. However, hyphae or spores could be 

rarely visualized by the special staining with PAS, as a result of exclusion by increased skin 

turnover and spontaneously healing [27]. The intensity of the positive reaction was decreased 

after 10 days treatment of chelerythrine and sanguinarine (Figure 4.8).  After treatment, the 

intensity of the positive reaction became more or less similar to that of the control group. The 

pathological features were consisted with HE staining, during which this model can be used to 

research the histopathologic changes including proliferation and keratinization of skin 

involved in T. rubrum infection. 
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Figure 4.7 Skin tissues from guinea pigs under different treatments showing the 

inflammatory scale and the thickness of epidermis layer. H&E stain, 100 ×. Note the normal 

skin morphology 10 days after the different topical application. (A) normal control; (B) 

model group treated with medium; (C) Miconazole, 0.2 mg/cm2/d; (D-F) Chelerythrine 

(MC1), 0.1, 0.2 and 0.4 mg/cm2/d, respectively; (G-I) Sanguinarine (MC2), 0.1, 0.2 and 0.4 

mg/cm2/d, respectively. In the skin of the model group treated with the medium, the number 

of dermal cells, and hydropic alterations (arrows, B), increased. 
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Figure 4.8 Guinea pig skin photomicrography after 10-day topical treatment. PAS stain, 100 

×. (A) normal control; (B) model group treated with medium; (C) Miconazole, 0.2 mg/cm2/d; 

(D-F) Chelerythrine (MC1), 0.1, 0.2 and 0.4 mg/cm2/d, respectively; (G-I) Sanguinarine 

(MC2), 0.1, 0.2 and 0.4 mg/cm2/d, respectively. In the skin of the model group treated with 

the medium, strong PAS positive reaction was observed in the basement membrane of the 

epidermis, hair follicles and sebaceous gland (arrows). The number of dermal cells and 

hydropic alterations also increased, which was consistent with H&E stain. Moderate PAS 

positive reaction was observed in the back skin of treated group animals. 
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4. Discussion 

Plant-derived natural products with chemical complexity and broad bioactivities provide 

considerable drug leads and candidates, thereby constituting a large resource for developing 

novel drugs. Previous studies reported Macleaya cordata extracts as a promising source of 

antifungal agents [11, 28]. Chelerythrine (MC1) and sanguinarine (MC2) are the main active 

constituents of these extracts [29]. As was previously noted for five dermatophytes including 

T. rubrum, Tian et al. reported that Macleaya cordata alkaloids containing these two 

compounds had potent intrinsic antifungal activity against the five strains that cause athlete’s 

foot disease [30]. Thus, the use of the two major compounds from the extracts to characterize 

the in vitro activity against T. rubrum. The potencies of chelerythrine (MC1) and 

sanguinarine (MC2) in inhibiting fungal growth are 2.84 and 1.71 μM compared to potency 

of positive drug miconazole at 1.71 μM MIC50. According to our observation, both MC1 and 

MC2 have capacity to induce morphological changes in T. rubrum. Therefore, the present 

study has provided evidence of the effectiveness of MC1 and MC2 against dermatophytes, 

forming the theoretical basis for their clinical usages. Moreover, we have noticed that the 

induction of the morphological changes of fungi by both MC1 and MC2 within a short 

period (3 days). This might be another advantage for the two tested agents. 

Not many natural alkaloids have been verified their antifungal therapeutic targets. In the 

case of azoles, the action target has been identified as the ergosterol in cell membrane [31]. 

The putative mechanism of some antifungal alkaloids pointed the cell membrane as a 

possible target [32]. In addtion, one of the often described targets of antifungal drugs is 

ergosterol biosynthesis [33]. Due to the antifungal profiles of the plant steroidal alkaloids 

[32], it could be hypothesized that chelerythrine (MC1) and sanguinarine (MC2) act by the 

inhibition of ergosterol biosynthesis. The results obtained from the ergosterol detection 
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(Figure 4.3) corroborates this hypothesis. As expected, miconazole, MC1 and MC2 showed 

a reduction in the ergosterol content. Before this period, only two classes of antifungal drugs, 

the lipopeptides and papulacandins, have been identified to inhibit 1,3-β-glucan synthase [34]. 

No study has been found reporting inhibitory effect alkaloids on 1,3-β-glucan synthase. In 

this study, both MC1 and MC2 showed no inhibitory effects on the synthesis of 1,3-β-glucan 

in fungi. This result will also help in the discovery of other target as antifungal agents. 

Considering the strong in vitro activity, it was hypothesized that MC1 and MC2 would 

show theraputic effects in guinea pig model of dermatophytosis, if administered externally 

once daily. However, the skin irritation assessment is essential for ensuring the safety external 

use of  these potential agents [35]. The present investigation was conducted to evaluate skin 

irritation potential after continuous application of MC1 and MC2 for 10 days. Our current 

experimental results indicated that MC1 and MC2 may be considered non-irritating to the 

skin of nude mice in case of continuous exposure. Thus, they may have potential in the 

application of external use in dermatophytosis. 

An appropriate model to simulate host dermatophyte infection is the prerequisite to 

study the pathogenesis of dermatophytosis [36]. Over the past few decades, teams of 

researchers have attempted to build an animal model for dermatophytosis for the evaluation 

of drug therapeutic efficacy, and to elucidate its pathogenic mechanism. Guinea pigs are 

widely used as dermatophyte animal models of infection due to their outstanding 

characteristics, such as good reproducibility, high susceptibility, and easy handling [37]. The 

symptoms of guinea pigs infected with T. rubrum are strikingly similar to humans and lead to 

a better understanding of human disease which may aid antifungal drug development [37].   

There are three different clinical stages of T. rubrum infection in guinea pigs which 

include the incubation period (0-5 days post-infection), the established lesion stage of 

inflammation (5-20 days post-infection) and a resolution phase (20-30 days of evolution), 
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similar to that of dermatophyte guinea pig model infected by other dermatophytes [38-43]. In 

examining once-daily dosing regimens, external application of MC1 and MC2 was indeed 

highly effective to inhibit fungal growth and improving the clinical signs of infection. 

Specifically, both compounds showed clinical efficacies that were indistinguishable between 

its various doses, suggesting that even lower doses may be equally effective. 

However, guinea pig models have several defects and limitations wherein some clinical 

symptoms and the pathological process have not been similar to that of humans [44]. In 

addition, hyphae or spores were only appeared in stratum corneum of the epidermis and 

epithelium of the follicular infundibulum in the initial stage. Moreover, hyphae were excluded 

before and after the 20th day post-infection as part of spontaneous remission [37]. Such 

disappearance of hyphae in stratum corneum of the epidermis was understood due to the 

exclusion by increased self-renewal of skin [27]. In this study, PAS staining, which is one of the 

most commonly used methods in dermatopathology, was used to highlight fungal cell walls 

[45]. In the skin, PAS-positive stain reveals cells with cytoplasmic deposits of glycogen, 

glycoproteins, and mucopolysaccharides. Epithelial cells of skin, particularly the outer root 

sheath cells of hair follicles are PAS positive due to their large, glycogen-rich cells. The rate of 

glycogen metabolism varies in the hair cycle. Growing hair follicles require more energy 

compared with resting hair follicles; therefore, the outer root sheath of hair follicles in the 

anagen phase store considerable amounts of glycogen [45-46]. Thus, it can be an indicator of 

the function recovery of hair follicles. In the skin, PAS stains also allow the recognition of the 

basement membrane, which may be altered in epithelial lesions, such as lichen planus [47]. In 

this study, although hyphae already disappeared when the tissue was collected, PAS stains 

could be used as the marker for acanthosis or proliferation and keratinization of skin. And both 

H&E and PAS stains showed the similar therapeutic effects of chelerythrine (MC1) and 

sanguinarine (MC2) on instauration of the impaired epidermis of the infected guinea pigs. 
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5. Conclusion 

In conclusion, our results indicate that the plant alkaloids chelerythrine (MC1) and 

sanguinarine (MC2) possess strong antifungal properties with possible mechanism that 

probably mediates the action of fungal ergosterol inhibitors. Further in the in vivo study, we 

found that MC1 and MC2 also exhibited excellent therapeutic effects in an animal model of 

dermatophytosis if applied topically. These two alkaloids exhibit markedly antifungal effects 

and wide application safety, presenting a good developmental prospective as novel antifungal 

drugs. However, development of MC1 or MC2-based pharmaceutical preparation for the 

treatment of dermatophytosis-related complications, still requires further research to clarify 

the precise mechanisms of action that mediates their actions both in vitro and in vivo. 
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1. General discussion 

Western medicine has been used successfully to cure infectious diseases for centuries. 

However, antibiotic resistance may come to the forefront, and in which demand for new 

drugs far outstrips supply [1-2]. Overcoming antibiotic resistance is one of the major issues 

for the present centrury [3]. Morover, the high cost of health care to poor communities in 

some world regions is also another causing to search for new and inexpensive medicinal 

plants based drugs [2]. The application of folk medicines in long human history is also one of 

the most important factors which improve the widespread use and research of medicinal 

plants in some Asian counties [2]. Cultural acceptability, financial capacity, safety and 

effectiveness have greatly promoted the development of traditional medicine research in 

many regions of the world. 

 In combination of multidisciplinary efforts, the present thesis discusses the antibiofilm, 

anti-TB, antifungal, phytochemical investigations of Michelia figo, Macleaya cordata and 

Ardisia gigantifolia. This is the first time to report the effect of the fractions and compounds 

from M. figo as well as the alkaloids, chelerythrine (MC1) and sanguinarine (MC2), from M. 

cordata on the inhibitory effects of biofilm formation. The antifungal activity of chelerythrine 

(MC1) and sanguinarine (MC2) were also presented. 

 

2. Conclusions  

Despite the multiplicity of reports on the wide uses of medicinal plants to treat a variety 

of diseases, knowledge on natural products from medicinal plants to manage microbial 

infectious in particular is not well documented. Hence, a detailed account of the 

ethnobotanical, antibiofilm, antifungal, mechanism of action and phytochemical 

investigations of commonly used plants, has been reported and published in this thesis. A 



243 

 

 

summary of the major findings and recommendations is presented below: 

 In the pilot study, a total of more than 1,000 compounds and extracts were screened 

by the high throughput antibiofilm screening. The inhibition activity on biofilm 

formation was observed for the chelerythrine (MC1), sanguinarine (MC2) and 

fraction F10 of the M. figo extracts. Subsequent bioassay-guided isolation resulted 

in the identification of two compounds, which include artabotryside B and acteoside. 

However, these two compounds did not show the antimicrobial activity. From the 

observation using laser confocal microscopy, chelerythrine (MC1) and sanguinarine 

(MC2) displayed moderate capability to destroy the matrix and generate micropores 

in biofilms of S. mutans. They reduced the biovolume of EPS and bacterial cells in 

the biofilm. However, due to the cytotoxicity of these two compounds, the 

application in oral cavity may be limited. Taken together, our findings support the 

view that chelerythrine (MC1) and sanguinarine (MC2) disrupt biofilm integrity 

and may have created porosity in the biofilm. These results highlight the promising 

antimicrobial activity of these two alkaloids and suggest avenues for future 

translational research on the treatment of dental caries. 

 

 Anti-TB bioassay-guided isolation of the CHCl3 extract of the leaves and stems the 

medicinal plant Ardisia gigantifolia led to the isolation of two anti-TB 

5-alkylresorcinols, 5-(8Z-heptadecenyl) resorcinol (1) and 5-(8Z-pentadecenyl) 

resorcinol (2). Further, 15 synthetic derivatives were synthesized based on these two 

compounds. Resorcinols 1 and 2 exhibited anti-TB activity with MIC values at 34.4 

μM and 79.2 μM in MABA assay, respectively, and 91.7 μM and 168.3 μM in 

LORA assay, respectively. Among these derivatives, the synthesized compound 8 

was found to show improved anti-TB activity than its parent compound (2) with 
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MIC values at 42.0 μM in MABA assay and 100.2 μM in LORA assay. Since 8 is a 

nitrogen containing compound, it can be made as a water soluble salt, which is 

considered as valuable in drug development for the improvement of bioavailability. 

For practical purposes, the active compounds should be regarded as new hits for 

further study as a novel class of anti-TB agents. 

 

 This study displayed the antifungal activity of chelerythrine (MC1) and sanguinarine 

(MC2), two alkaloids from M. cordata, against T. rubrum and further assessed the 

possible mechanism of antifungal action of the two compounds. MC1 and MC2 

showed significant fungicidal effects, with MIC50 values at 2.84 and 2.26 μM, 

respectively. Our results indicate that the antifungal activity of MC1 and MC2 are 

probably mediated by an inhibition in ergosterol expression without affecting the 

synthesis of 1,3-β-glucan. No obvious morphology changes were found after 

treatment of MC1 and MC2. We also established a guinea pig model for the 

purpose to evaluate therapeutical modalities for dermatophytosis. Both alkaloids 

showed excellent therapeutic efficacy in the dermatophytosis animal model if 

applied topically. They significantly reduced lesion and redness score caused by T. 

rubrum infection, which has similar therapeutic effects to miconazole treatment. 

The histopathologic evaluation of the skin biopsies revealed that MC1 and MC2 

could reduce the severity of acanthosis, hyperkeratosis, spongiosis and dermal 

edema compared with model group. In addition, MC1 and MC2 have the 

advantages with safety and convenient application, low toxicity and skin irritation, 

and therefore present a good developmental prospective as new antifungal drugs. 

Although the mechanism that mediates anti-fungal actions was not fully clarified, 

MC1 and MC2 could still represent as promising lead compounds in the search for 
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new antifungal therapeutic agents. 

 

3. Future prospects 

The results of the antibiofilm and antifungal investigations of the chelerythrine (MC1) 

and sanguinarine (MC2) have not only provided basic understanding for their claimed 

traditional uses of M. cordata but have also served as lead compounds for the discovery of 

new antimicrobial drugs. The value of this research therefore lies not only in serving to 

promote the value of the medicinal plants containing the two active natural alkaloids, but also 

in the need for antimicrobial lead compounds.  

In the bioactivity evaluation for antibiofilm, MC1 and MC2 displayed the ability to 

prevent the formation of biofilms of S. mutans with MIC50s of 17.7 and 18.5 μM, respectively. 

MC2 displayed antibiofilm activity with the MIC value of 18.6 μM, while MC1 displayed 

inhibitory effect against S. sobrinus biofilm formation with the MIC value of 34.0 μM. Besides, 

in the evaluation for the anti-T. rubrum acitivity, these two compounds exhibited high in vitro 

and in vivo activities. In order to further study the antibiofilm and antifungal effects of this type 

of alkaloids, and fully reveal the action mechanism and structure-activity relationship, three 

aspects for follow-up research are proposed. 

1) In order to understand the structure-activity relationship of these two alkaloids, 

diversified derivatives of chelerythrine (MC1) and sanguinarine (MC2) should be 

synthesized through structural modification and antimicrobial activity evaluation. 

2) To explore the in vivo inhibitory effects of MC1 and MC2 against dental biofilm in 

animal models, as well as to explore the structure-activity relationship of their derivatives 

will be clarified. 
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3) Further researches will be performed to elucidate the mechanisms of antifungal actions 

of MC1 and MC2. In addion, pharmacokinetic and toxicology studies will also be studied to 

advance this type of compounds to preclinical and clinical studies. 

Thus, it can be expected that the presented findings might offer valuable clues for 

further antimicrobial drug discovery and development of natural products from medicinal 

plants. 
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