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Abstract: In the present work, the anticariogenic activities of three pimarane-type 

diterpenes obtained by fungal biotransformation were investigated. Among these 

metabolites, ent-8(14),15-pimaradien-19-ol was the most active compound, displaying 

very promising MIC values (ranging from 1.5 to 4.0 μg mL-1) against the main 

microorganisms responsible for dental caries: Streptococcus salivarius, S. sobrinus, S. 

mutans, S. mitis, S. sanguinis, and Lactobacillus casei. Time kill assays performed with 

ent-8(14),15-pimaradien-19-ol against the primary causative agent S. mutans revealed that 

this compound only avoids growth of the inoculum in the first 12 h (bacteriostatic effect). 

However, its bactericidal effect is clearly noted thereafter (between 12 and 24 h). The 

curve profile obtained by combining ent-8(14),15-pimaradien-19-ol and chlorhexidine 

revealed a significant reduction in the time necessary for killing S. mutans compared with 

each of these two chemicals alone. However, no synergistic effect was observed using the 

same combination in the checkerboard assays against this microorganism. In conclusion, 
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our results point out that ent-8(14),15-pimaradien-19-ol is an important metabolite in the 

search for new effective anticariogenic agents. 

Keywords: Ent-pimara-8(14),15-dien-19-oic acid; microbial transformation; diterpenes; 

anticariogenic properties; antimicrobial activity 

 

1. Introduction  

Dental plaque is defined as a biofilm consisting of cariogenic bacteria adhered to the tooth surface. 

It plays an important role in the development of dental caries [1,2], one of the main oral diseases 

affecting humankind [3,4]. Streptococcus mutans is considered one of the main cariogenic 

microorganisms, due to its ability to synthesize extracellular polysaccharides from sucrose, mainly 

water-insoluble glucan, and to initiate plaque formation [5]. Other aerobic bacteria such as 

Enterococcus faecalis, Lactobacillus casei, and other species of Streptococcus are also important in 

the late phase of dental biofilm formation [1]. 

Mechanical removal of the dental plaque is the most efficient procedure to prevent caries, but the 

majority of the population does not perform this removal efficiently [6]. Moreover, professional dental 

treatment is often very expensive and not readily accessible, especially in developing countries [3]. In 

this sense, the use of chemicals as a complementary measure is necessary and has demonstrated to be 

of great value in preventing the formation of tooth surface biofilms [7].  

Nowadays, chlorhexidine (CHD) is considered the gold standard anticariogenic agent [6]; however, 

the regular use of oral care products containing this chemical are often associated with various adverse 

effects [3,8,9]. In addition, CHD is much less effective in reducing the levels of Lactobacillus species, 

which are strongly related to caries evolution [6]. All these problems, therefore, reinforce the great 

importance of finding new anticariogenic compounds. 

According to several authors [10,11], drugs derived from natural products can serve not only as new 

drugs themselves, but also as lead compounds for chemical modifications that will furnish derivatives 

with better activity and pharmacokinetic properties, new mechanisms of action, and fewer adverse side 

effects [12,13]. Recently, it has been emphasized that these modifications can be performed by fungal 

biotransformation processes, which have presented various advantages over the use of conventional 

chemical reagents [14-16]. 

Several studies have emphasized the antimicrobial activity of diverse natural compounds against 

cariogenic pathogens, and some extracts and metabolites with potential anticariogenic properties have 

been described [1,6,9,17,18]. Recently, our research group has demonstrated that the diterpene ent-

pimara-8(14),15-dien-19-oic acid (1, PA) is able to inhibit the growth of the main microorganisms 

responsible for dental caries with very promising minimal inhibitory concentration (MIC) values 

(ranging from 2.5 to 5.0 μg mL-1). In that work, we also pointed out that this metabolite could be used 

as a prototype for further modifications aiming to discover novel, safe and effective anti-caries agents [9].  

In agreement with our early findings and as part of our ongoing efforts to explore the antimicrobial 

potential of diterpenes against the pathogens responsible for dental caries, our research group has 

decided to obtain derivatives of PA by fungal biotransformation processes and to investigate their 
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anticariogenic properties. In the present work, we describe the preparation of such compounds as well 

as the effective antimicrobial activity displayed by the derivative ent-8(14),15-pimaradien-19-ol and its 

kinetic and synergistic properties against the main microorganism responsible for dental caries. 

 

2. Results and Discussion  

 

The incubation of PA (1) for 10 days with Glomerella cingulata afforded the main metabolite 2, 

while its fermentation by Mucor rouxii (7 days) yielded the derivatives 3 and 4. The chemical 

structures of the substrate (PA) and the diterpenes obtained by microbial transformation are presented 

in Figure 1. The spectral data of compounds 2 [19], 3 and 4 [20] are in agreement with those 

previously reported in the literature. 

 
Figure 1. Chemical structures of PA (1) and its derivatives obtained by microbial 

transformation with G. cingulata (compound 2) and M. rouxii (compounds 3 and 4). 
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According to several authors [10,11], pharmacologically active metabolites derived from medicinal 

plants can serve not only as new drugs themselves but also as prototypes suitable for optimization 

through several semi-synthetic strategies. Still according to this approach, novel compounds with 

better pharmacological properties and/or fewer adverse side effects compared with their parent 

structure [14-16] can be achieved. Nowadays, microbial transformation has been considered an area of 

great interest for promoting selective modification in biologically active natural compounds, as it 

allows for the production of derivatives that are difficult to achieve by traditional organic synthesis. 

Previous authors have investigated the microbial transformation of natural compounds by G. 

cingulata and pointed out that hydroxylation is the main reaction promoted by this fungus [21]. It has 

also been reported that this microorganism has the ability to promote the reduction of carboxylic acids 

to carbinols [22]. Analysis of the metabolites isolated in the present study showed that G. cingulata 

provided a 19.1% yield bioreduction in the carboxylic acid moiety of PA (1) to an alcohol group after 

a 10-day incubation. This finding is very interesting because chemical methodologies that promote 

carboxylic acid reduction are limited [23]. Furthermore, the yield of the biocatalytic reduction 

observed in this study was significant (19.1%), and future experiments to optimize the efficiency of 

this reaction can be performed.  

As for the other microbial biotrasformation agent, 7-day incubation of PA with M. rouxii led to two 

biotransformed diterpenes 3 and 4 (Figure 1). The structure of these metabolites indicates that 

isomerization of the endocyclic double bond and oxidation of the chemical structure of PA are the 

main reactions produced by M. rouxii. The suggested biogenetic pathway for 3 and 4 is presented in 

Scheme 1. 
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Scheme 1. Suggested biogenetic pathway of compounds 3 and 4 according to Haridy et al. [24]. 
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As mentioned before, our research group has concentrated its efforts on the evaluation of the 

antimicrobial potential of diterpenes, aiming to discover new natural anti-caries agents. In previous 

works [4,6,9], we have demonstrated that kaurenoic acid, copalic acid, and several pimarane type-

diterpenes isolated from Brazilian plants can be used as prototypes for the production of new anti-

infection agents against microorganisms responsible for this pathology. Among all the evaluated 

metabolites, PA (1, Figure 1) is one of the most active, displaying very promising MIC values [9] for 

the main pathogens responsible for dental caries. Moreover, we have observed that minor structure 

modifications drastically affect the referred antimicrobial activity [9]. In this sense, a multidisciplinary 

approach involving the discovery of novel active diterpenoids from natural products, combined with 

total or partial synthetic and biosynthetic methodologies should provide the best solution for exploring 

the anticariogenic potential of these metabolites. Additional antimicrobial studies to detail the kinetics, 

synergistic activities and mode of action of such compounds are also needed, in order to better 

understand new characteristics of this potential.  

In the present work, we have investigated the effect of three pimarane type-diterpenes, obtained by 

fungal biotransformation, against the main microorganisms responsible for human caries. The MIC 

and minimal bactericidal concentration (MBC) values displayed by these metabolites are shown in 

Table 1. 

Among all the biotransformation products, compounds 2 and 3 are the most efficient, displaying 

very promising MIC values (lower than 10 μg mL-1) against all the investigated pathogens [25,26]. It is 

interesting to note that metabolite 2 is about two or three times more effective than its biosynthetic 

precursor 1 when considering the main cariogenic microorganism (S. mutans), thus denoting the 

importance of the fungal biotransformation as a source of new bioactive compounds. It is also 

noteworthy that these MIC and MBC values are much lower than some data recently reported in the 

literature for compounds belonging to other classes of natural products, such as triterpenoids [27], 

monoterpenes [28], phenolic compounds [8], and lignans [29].  
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Table 1. In vitro antibacterial activity (Minimum Inhibitory Concentration and Minimum 

Bactericidal Concentration, μg mL-1) of the biotransformed diterpenes against  

oral pathogens. 

Compound 
Microorganism 

L. casei S. mitis S. mutans S. sanguinis S. sobrinus S. salivarius 
1* 3.0 4.0 4.5 2.5 4.0 5.0 
2 2.5 (5.0) 1.5 (3.0) 1.5 (2.5) 3.5 (7.0) 4.0 (7.0) 3.5 (7.0) 
3 5.0 (12.0) 4.0 (7.0) 6.0 (9.0) 8.0 (15.0) 7.5 (7.5) 5.0 (10.0) 
4 160.0 (**) 200.0 (**) 200.0 (**) 120.0 (200.0) 200.0 (**) 180.0 (**) 

PC 0.9 3.6 0.9 3.6 0.9 0.9 
* previously reported MIC values [9]; ** MBC values higher than 200 μg mL-1; Positive Control 
(PC) – chlorhexidine dihydrochloride; Negative control (5% DMSO solution) did not affect the 
growth of the microorganisms. 

 

Considering other classes of diterpenes, searches in the scientific literature using PubMed and 

Scifinder databases and several keywords correlating diterpenes and caries diseases reveal that ent-

pimaranes display one of the most promising antibacterial activities against oral pathogens [4,6,9, 

30-35]. A comparison of the MIC values against the main microorganism responsible for caries 

diseases obtained in the present study (S. mutans; Table 1) with those displayed by previously reported 

diterpenes [4,6,9,30-35] shows that compound 2 is only less active than totarol (Figure 2), which has a 

reported MIC value of 0.78 μg mL-1 (2.73 µM) [31]. This is a remarkable result, because very few 

natural products are known to inhibit the growth of oral pathogens [36]. All these results corroborate 

the great relevance of ent-pimarane type diterpenes, as well as that of the compound ent-8(14),15-

pimaradien-19-ol (2) in the search for new effective anticariogenic agents.  

 

Figure 2. Chemical structure of totarol. 

 

 

Although several diterpenes have been reported as being able to inhibit the growth of cariogenic 

bacteria with very promising MIC values [4,9], it is important to point out that further studies with 

these metabolites should be conducted, aiming at the future development of oral care products 

containing these natural compounds. In this context, the literature also describes additional 

experiments with the objective of investigating other features of the anticariogenic activity of 

diterpenes. For instance, time-kill curve experiments based on D´Arrigo et al. [37] and an investigation 

about a possible synergistic effect between the most efficient diterpene (compound 2) obtained in the 

present study and CHD were performed against the primary causative agents responsible for  

dental caries. 
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Time-kill assay curves were constructed for S. mutans (5 × 105 CFU mL-1) using three different 

concentrations of 2 (2.5, 5.0, and 7.5 µg mL-1 – one, two, and three-times its MBC value, respectively). 

A time-kill curve (Figure 3) was also constructed for 2 in association with CHD using their MBC 

values (2.5 and 4.0 µg mL-1, respectively), which allowed us to investigate the effect of the 

combination of these chemicals on the time necessary to achieve total elimination of  

the microorganism.  

 

Figure 3. Time-kill curves for 2 in different concentrations and its association with CHD 

in their MBC values. Positive control: CHD. 

 

The resulting time-kill curves presented in Figure 3 reveal that compound 2 alone only inhibits the 

growth of the inoculum (bacteriostatic effect) in the first 12 hours, while its bactericidal property is 

clearly noted thereafter (between 12 and 24 hours). Figure 3 also shows that this diterpene at 8.7 μM 

(2.5 µg mL-1) exhibits a time-kill curve profile that is very similar to those achieved with CHD at  

6.9 μM (4.0 µg mL-1) (p < 0.05), thus indicating that CHD, the anticariogenic gold standard, is only 

slightly more potent than 2. Moreover, in the same assay conditions, the curve profile displayed by this 

compound at 8.7 μM is also very close to that previously reported for the diterpene (-)-copalic acid 

(CA) at 23.1 μM [4]. These results allow us to conclude that 2 is about 2.5-fold more potent than CA, 

indicating that it is the most promising diterpene found by our research group so far. There were no 

statistical differences within the periods of time investigated for each concentration, leading to the 

conclusion that there were no dose-dependent responses in the experimental conditions (Figure 3).  

As for the synergistic antimicrobial test, the combinations of CHD with compound 2 did not exhibit 

any synergistic properties when the checkerboard methodology described by White et al. [38] was 

employed. According to this author, the obtained FIC index = 1.32 means “indifference”. Although 

this result clearly shows that the association of these chemicals did not improve their antibacterial 

activity, it is interesting to note that the combination of CHD with the diterpene 2 in their MBC values 

significantly reduced the time that was necessary to attain complete elimination of the main pathogen 
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responsible for caries diseases, compared with the curve profiles obtained with these chemicals alone 

(Figure 3).  

Considering the relatively short period of time that oral care active ingredients remain in the oral 

cavity as well as the very promising MIC and MBC values obtained here, the time curve profile 

resulting from the combination of 2 and CHD also reveals that the association of active diterpenes with 

CHD brings new and significant perspectives to the development of novel oral care products capable 

of reducing the level of S. mutans more rapidly and efficiently. According to these results, it is possible 

to deduce that commercial botanical sources containing large amounts of diterpenes, such as the leaves 

of Mikania glomerata and Salvia officinalis, the oleoresin of Copaifera species, among others, should 

be investigated with a view to their application in the development of oral care products such as 

toothpastes and mouthwashes.  

Analysis of the chemical structure of several diterpenes and correlation between their structures and 

their ability to inhibit the growth of S. mutans [4,6,9,30-35] clearly shows that some structural features 

are essential for the antimicrobial activity displayed by these metabolites. Recently, Urzúa et al. [39] 

have suggested that diterpenes promote bacterial lysis and disruption of the cell membrane. According 

to these authors, the structural characteristics that promote the efficient antibacterial activity include a 

lipophilic structure, capable of insertion into the cell membrane, and one strategically positioned 

hydrogen-bond-donor group (HBD; hydrophilic group), which interacts with the phosphorylated 

groups on the membrane. In this study, it was also emphasized that a second HBD introduced in the 

lipophilic region or the absence of this hydrophilic group in the skeleton led to reduction in or 

suppression of the activity.  

A careful observation of the results depicted in Table 1 reveals that compounds 2 and 3, which 

contain only one HBD at C-19, display much lower MIC values than those achieved with diterpene 4, 

which contains two HBDs in its structure. This supports the structural hypothesis previously suggested 

by Urzúa et al. [39]. In addition, a comparison of the MIC values displayed by compounds 1 and 2 

(PA) enables one to conclude that modifications to the HBD group change the antibacterial activity of 

these compounds. Moreover, MIC values can also be influenced by the position of the HBD group, as 

can be observed by the different MIC values obtained for compound 2 and the previously reported ent-

8(14),15-pimaradien-3β-ol [9]. On the basis of the considerations that minor structural differences 

among the diterpenes significantly influence their antimicrobial activity, the results described in the 

present work can also be used to promote docking and QSAR studies, in association with data from 

other diterpenes reported in the literature. This kind of studies should certainly aid the comprehension 

of the structural features involved in the anticariogenic effect displayed by these natural compounds.  

3. Experimental  

 

3.1. General 

 

Nuclear magnetic resonance (NMR) spectra were run on a Bruker DPX 400 spectrometer  

(400 MHz for 1H and 100 MHz for 13C). Samples were dissolved in CDCl3, and the spectra were 

calibrated with the solvent signals at δ 7.26 (1H) and δ 77.0 (13C). Biotransformation procedures were 

performed on a rotary shaker Cientec (CT-713). Vacuum liquid chromatography (VLC) [40] was 
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carried out using silica gel 60H (Merck, art. 7736) in glass columns with 5-10 cm i.d. Medium 

pressure chromatography (flash chromatography) [41] was conducted with silica gel 60 (Merck, art. 

9385) in a 450-25 mm glass column, using a flow rate at 5 mL/min. High performance liquid 

chromatography (HPLC) analyses were accomplished using a Shimadzu CBM-20A liquid 

chromatography controller, operating with the LCsolution software, equipped with a Shimadzu UV-

DAD detector SPD-M20A and a Shimadzu ODS column (4.6 × 250 mm, 5 µm, 100 Å). 

 

3.2. Isolation and identification of PA 

 

Compound 1 (PA, 800.0 mg) was isolated from the dichloromethane root extract of Viguiera 

arenaria as previously described by Ambrosio et al. [42]. The spectral data (1H- and 13C-NMR) of PA 

are in agreement with those previously reported in the literature [19,43].  

 

3.3. Microorganisms 

 

The strains of Glomerella cingulata and Mucor rouxii used in the biotransformation processes were 

kindly assigned by Prof. Dr. Mônica T. Pupo and Prof. Dr. Suraia Said, respectively, both from the 

Faculty of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo. These microorganisms 

were maintained as a conidial suspension on silica gel (6-12 mesh, grade 40, desiccant activated), at  

4 °C.  

 

3.4. Microbial transformation procedures 

 

The microbial transformation experiments were performed using submerged shaken liquid culture 

by two-stage fermentation procedures. Initially, an inoculum of 1.5 × 105 conidia mL-1 was aseptically 

added to two Erlenmeyer flasks (500 mL) containing 250 mL seed medium, as previously described by 

Jackson et al. [44]. Cultures were incubated with shaking on a shaker (120 rpm) at 30 °C. After  

48 hours of incubation, the resulting mycelia were harvested, rinsed, and aseptically transferred to 

three Erlenmeyer flasks (1000 mL) containing 500 mL sterile medium composed by sucrose (3.0%), 

NaNO3 (0.2%), K2HPO4 (0.05%), MgSO4·7H2O (0.05%), KCl (0.05%), and FeSO4·7H2O (0.001%). 

After 24 hours, PA (400.0 mg) dissolved in dimethylsulfoxide (DMSO; 8 mL) was equally distributed 

among the three flasks and then incubated again. Incubation was stopped after 10 and 7 days, 

respectively, for Glomerella cingulata and Mucor rouxii. After that, the cultures were filtered, and 

their aqueous layer was extracted with ethyl acetate (5 × 500 mL; EtOAc), to furnish the extracts 

codified as GcE (G. cingulata extract; 723.0 mg) and MrE (M rouxii extract; 945.0 mg) after solvent 

evaporation. Culture (culture medium containing microorganisms incubated with DMSO only) and 

substrate (sterile medium containing the same amount of PA incubated under the experimental 

condition) controls were also performed for both strains. 
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3.5. Isolation of diterpenes  

 

Initially, GcE was chromatographed over silica gel using VLC with increasing amounts of EtOAc 

in n-hexane as eluent. This procedure furnished six fractions (300 mL each): GcE1 (58.0 mg;  

n-hexane), GcE2 (76.0 mg; 20% EtOAc), GcE3 (98.4 mg; 40% EtOAc), GcE4 (123.7 mg; 60% 

EtOAc), GcE5 (115.6 mg; 80% EtOAc), and GcE6 (213.0 mg; EtOAc). Fractions GcE3 and GcE4 

were combined on the basis of their similar thin layer chromatography (TLC) profiles. Compound 2 

[ent-8(14),15-pimaradien-19-ol; 73.0 mg] was obtained from this new combined fraction through flash 

chromatography using isocratic n-hexane-EtOAc (7:3) as mobile phase, and a flow rate of 5 mL min-1. 
1H-NMR spectra analysis of fractions GcE1, GcE2, GcE5, and GcE6 did not reveal any characteristic 

signals of ent-pimarane type diterpenes.  

The fractionation of MrE was performed as described above, and the VLC chromatography gave 

additional ten fractions (MrE1-MrE10). On the basis of its TLC profile, fraction MrE3 (96.0 mg) was 

further fractionated by flash chromatography (n-hexane-EtOAc 8:2). TLC analysis of the sub-fraction 

MrE3.3 (55.0 mg) showed a main spot, which was later purified by classic chromatography and 

isocratic n-hexane/ EtOAc-CHCl3 (7:1:2) mobile phase, to give compound 3 (ent-pimara-7,15-dien-19-

oic acid; 11.3 mg). A sample of MrE4 (49.4 mg) was analyzed by reversed phase HPLC using an 

analytical Shimadzu ODS column (MeCN-H2O 9:1 + 0.1% H3PO4; flow rate 1 mL min-1; UV 

detection at 210 nm), and compound 3 was also identified as the main constituent of this fraction. 

Fractions MrE5 and MrE6 were combined on the basis of their similar HPLC profile, and this new 

combined fraction (MrE5; 179.8 mg) was chromatographed using classic chromatography (n-hexane-

EtOAc 7:3 + 1% acetic acid). Approximately 20.0 mg of the sub-fraction MrE5.2 (84.3 mg) was 

further purified by reversed phase HPLC using an analytical column. After repeated injections  

(50 μL; MeOH-H2O 9:1; flow rate 1 mL min-1; UV detection 210 nm) of samples containing 0.5 mg 

each, compound 4 (8.5 mg; 7-keto ent-pimara-8,15-dien-19- oic acid) was purified. 

 

3.6. Bacterial strains and antimicrobial testing 

 

The lowest concentration of the compound capable of inhibiting microorganism growth (MIC, 

(MIC, minimal inhibitory concentration) and the lowest concentration of the compound at which 

99.99% or more of the initial inoculum was killed (MBC, minimal bactericidal concentration) were 

determined in triplicate by using the microdilution broth method in 96-well microplates [9]. The 

strains of the microorganisms used in this work were obtained from the American Type Culture 

Collection (ATCC): Enterococcus faecalis (ATCC 4082), Streptococcus salivarius (ATCC 25975), 

Streptococcus sobrinus (ATCC 33478), Streptococcus mutans (ATCC 25275), Streptococcus mitis 

(ATCC 49456), Streptococcus sanguinis (ATCC 10556), and Lactobacillus casei (ATCC 11578). 

Samples were dissolved in dimethyl sulfoxide (DMSO; Synth) at 1 mg mL-1, followed by dilution 

in tryptic soy broth (Difco), and concentrations ranging from 200.0 to 1.0 g mL-1 were achieved. The 

final DMSO content was 5% (v/v), and this solution was used as negative control. The inoculum was 

adjusted for each organism, to yield a cell concentration of 5 × 105 colony forming units (CFU) per 

mL, according to guidelines of the Clinical Laboratory Standards Institute. One inoculated well was 

included, to allow control of the adequacy of the broth for organism growth. One non-inoculated well, 
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free of antimicrobial agent, was also employed, to ensure medium sterility. Chlorhexidine 

dihydrochloride (CHD) was used as positive control. The microplates (96 - wells) were sealed with 

plastic film and incubated at 37 °C for 24 h. After that, resazurin (30 L) in aqueous solution (0.02%) 

was added to the microplates, to indicate microorganism viability [9]. Before addition of resazurin and 

in order to determine MBC, an aliquot of the inoculum was aseptically removed from each well 

presenting no apparent growth and then plated onto tryptic soy agar supplemented with 5% sheep 

blood. The plates were incubated as previously described.  

 

3.7. Time-kill curves 

 

Time-kill assays were performed in triplicate based on D’Arrigo et al. [37] against Streptococcus 

mutans, which is considered one of the primary causative agents of dental caries [1]. Compound 2 was 

chosen for the time-kill curve assays because it displayed the highest antimicrobial activity. 

Tubes containing compound 2 at final concentrations of 2.5, 5.0, and 7.5 µg mL-1 (respectively one, 

two, and three-times the MBC of 2 for S. mutans) were inoculated with the tested microorganism, 

resulting in a start bacterial density of 5 × 105 CFU mL-1, and then incubated at 37 °C. Samples were 

removed for determination of viable strains at 0, 0.5, 6, 12, 18, and 24 hours after incubation, followed 

by dilution, when necessary, in sterile fresh medium. The diluted samples (50 µL) were spread onto 

tryptic soy agar plate supplemented with 5% sheep blood, incubated at 37 °C, and counted after 48 h. 

Time-kill curves were constructed by plotting log10 CFU mL-1 versus time. The assays were performed 

in triplicate for each concentration and also for the positive (CHD, 4 µg mL-1) and negative controls 

(suspension of S. mutans without added compound 2). CHD was used at its MBC value (4 µg mL-1). 

In a second set of experiments, which aimed to investigate the effect of the combination of 2 with 

CHD on the time necessary to promote complete elimination of S. mutans, a time-kill curve was 

performed with these chemicals. CHD and 2 were used at their MBC values, and the same protocol 

described above was employed in this assay. 

 

3.8. Synergistic antimicrobial activity 

 

Checkerboard assays were accomplished according to the protocol previously described by White et 

al. [38]. The objective was to investigate the in vitro antimicrobial efficacy of the combination of CHD 

with 2. The synergy tests were evaluated in triplicate, and concentrations of each compound (1/32 to 3 

times their MIC values) were combined in standard MIC format against 5 × 105 CFU mL-1 of S. 

mutans. To evaluate the synergistic effect between these chemicals, the fractional inhibitory 

concentration (FIC) index values were calculated on the basis of the equation previously established in 

the literature [38]. FIC index values were analyzed as follows: FIC index values ≤ 0.5, synergism; FIC 

index values > 4, antagonism. Indifference was defined as 0.5 < FIC index ≤ 4 [38]. 

 

4. Conclusions  

 

Our results allow us to conclude that G. cingulata and M. rouxii were able to promote the 

biotransformation of PA, leading to the formation of three metabolites. Considering all the aspects of 
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the anticariogenic activity reported in this work, ent-8(14),15-pimaradien-19-ol was shown to be two 

or three times more active than its biosynthetic precursor when considering the main cariogenic 

microorganism (S. mutans). This reinforces the use of microbial biotransformation as an important 

strategy to promote modification on natural metabolites in the search for new bioactive compounds. 

 

Acknowledgements 

 

This study was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP 

2007/54762-8, 2008/53518-9, 2008/55562-5). The authors wish to thanks Mônica T. Pupo for fungi 

assignment and Márcio L. A. Silva for HPLC availability.  

 

References 

 

1. Chung, J.Y.; Choo, J.H.; Lee, M.H.; Hwang, J. Anticariogenic activity of macelignan isolated 

from Myristica fragrans (nutmeg) against Streptococcus mutans. Phytomedicine 2006, 13,  

261-266. 

2. Xie, Q.; Li, J.; Zhou, X. Anticaries effect of compounds extracted from Galla chinensis in a 

multispecies biofilm model. Oral Microbiol. Immunol. 2008, 23, 459-465. 

3. More, G.; Tshikalange, T.E.; Lall, N.; Botha, F.; Meyer, J.J.M. Antimicrobial activity of 

medicinal plants against oral microorganisms. J. Ethnopharmacol. 2008, 119, 473-477. 

4. Souza, A.B.; Martins, C.H.G.; Souza, M.G.M.; Furtado, N.A.J.C.; Heleno, V.C.G.; Sousa, J.P.B.; 

Rocha, E.M.P.; Bastos, J.K.; Cunha, W.R.; Veneziani, R.C.S.; Ambrósio, S.R. Antimicrobial 

activity of terpenoids from Copaifera langsdorffii Desf. against cariogenic bacteria. Phytother. 

Res. 2010, In Press. 

5. Koo, H.; Vacca Smith, A.M.; Bowen, W.H.; Rosalen, P.L.; Cury, J.A.; Park, Y.K. Effects of Apis 

mellifera propolis on the activities of streptococcal glucosyltransferases in solution and adsorbed 

onto saliva-coated hydroxyapatite. Caries Res. 2000, 34, 418-426. 

6. Ambrosio, S.R.; Furtado, N.A.J.C.; De Oliveira, D.C.R.; Da Costa, F.B.; Martins, C.H.G.; De 

Carvalho, T.C.; Porto, T.S.; Veneziani, R.C.S. Antimicrobial activity of kaurane diterpenes 

against oral pathogens. Z. Naturforsch. 2008, 63c, 326-330. 

7. Furiga, A.; Lonvaud-Funel, A.; Dorignac, G.; Badet, C. In vitro anti-bacterial and anti-adherence 

effects of natural polyphenolic compounds on oral bacteria. J. Appl. Microbiol. 2008, 105,  

1470-1476. 

8. Greenberg, M.; Dodds, M.; Tian, M. Naturally occurring phenolic antibacterial compounds show 

effectiveness against oral bacteria by a quantitative structure-activity relationship study. J. Agr. 

Food Chem. 2008, 56, 11151-11156. 

9. Porto, T.S.; Rangel, R.; Furtado, N.A.J.C.; De Carvalho, T.C.; Martins, C.H.G.; Veneziani, 

R.C.S.; Da Costa, F.B.; Vinholis, A.H.C.; Cunha, W.R.; Heleno, V.C.G.; Ambrosio, S.R. 

Pimarane-type Diterpenes: Antimicrobial activity against oral pathogens. Molecules 2009, 14, 

191-199. 



Molecules 2010, 15                            

 

 

8564

10. Vuorela, P.; Leinonen, M.; Saikku, P.; Tammela, P.; Rauha, J.P.; Wennberg, T.; Vuorela, H. 

Natural products in the process of finding new drug candidates. Curr. Med. Chem. 2004, 11, 

1375-1389. 

11. Newman, D.J. Natural products as leads to potential drugs: An old process or the new hope for 

drug discovery? J. Med. Chem. 2008, 51, 2589-2599. 

12. Ambrosio, S.R.; Tirapelli, C.R.; Da Costa, F.B.; De Oliveira, A.M. Kaurane and pimarane-type 

diterpenes from the Viguiera species inhibit vascular smooth muscle contractility. Life Sci. 2006, 

79, 925-933. 

13. Tirapelli, C.R.; Ambrosio, S.R.; Da Costa, F.B.; De Oliveira, A.M. Diterpenes: a therapeutic 

promise for cardiovascular diseases. Recent Pat. Cardiovasc. Drug Discov. 2008, 3, 1-8. 

14. Chou, B.H.; Yang, L.M.; Chang, S.F.; Hsu, F.L.; Lo, C.H.; Lin, W.K.; Wang, L.H.; Liu, P.C.; 

Lin, S.J. Fungal transformation of isosteviol lactone and its biological evaluation for inhibiting the 

AP-1 transcription factor. Phytochemistry 2009, 70, 759-764. 

15. Marquina, S.; Parra, J.L.; Gonzalez, M.; Zamilpa, A.; Escalante, J.; Trejo-Hernandez, M.R.; 

Alvarez, L. Hydroxylation of the diterpenes ent-kaur-16-en-19-oic and ent-beyer-15-en-19-oic 

acids by the fungus Aspergillus niger. Phytochemistry 2009, 70, 2017-2022. 

16. De Carvalho, T.C.; Polizeli, A.M.; Turatti, I.C.C.; Severiano, M.E.; De Carvalho, C.E.; 

Ambrosio, S.R.; Crotti, A.E.M.; De Figueiredo, U.S.; Vieira, P.C.; Furtado, N.A.J.C. Screening of 

filamentous fungi to identify biocatalysts for lupeol biotransformation. Molecules 2010, 15,  

6140-6151. 

17. Koo, H.; Rosalen, P.L.; Cury, J.A.; Park, Y.K.; Bowen, W.H. Effects of compounds found in 

propolis on Streptococcus mutans growth and on glucosyltransferase activity. Antimicrob. Agents 

Chemother. 2002, 46, 1302-1309. 

18. Tomczyk, M.; Pleszczynska, M.; Wiater, A. Variation in total polyphenolics contents of aerial 

parts of Potentilla species and their anticariogenic activity. Molecules 2010, 15, 4639-4651. 

19. Matsuo, A.; Uto, S.; Nakayama, M.; Hayashi, S.; Yamasaki, K.; Kasai, R.; Tanaka, O. (-)-

Thermarol, a new ent-pimarane-class diterpene diol from Jungermannia thermarum (Liverwort). 

Tetrahedron Lett. 1976, 28, 2451-2454. 

20. Herz, W.; Kulanthaivel, P. Ent-pimaranes, ent-kauranes, heliangolides and other constituents of 3 

Helianthus species. Phytochemistry 1984, 23, 1453-1459. 

21. Miyazawa, M.; Uemura, T.; Kameoka, H. Biotransformation of sesquiterpenoids, (+)-

aromadendrene and (-)-alloaromadendrene by Glomerella cingulata. Phytochemistry 1995, 40, 

793-796. 

22. Tsuda, Y.; Kawai, K.; Nakajima, S. Asymmetric reduction of 2-methyl-2-aryloxyacetic acids by 

Glomerella cingulata. Agr. Biol. Chem. Tokyo 1984, 48, 1373-1374. 

23. He, A.M.; Li, T.; Daniels, L.; Fotheringham, I.; Rosazza, J.P.N. Nocardia sp carboxylic acid 

reductase: Cloning, expression, and characterization of a new aldehyde oxidoreductase family. 

Appl. Environ. Microb. 2004, 70, 1874-1881. 

24. Haridy, M.S.A.; Ahmed, A.A.; Doe, M. Microbiological transformation of two labdane 

diterpenes, the main constituents of Madia species, by two fungi. Phytochemistry 2006, 67,  

1455-1459. 



Molecules 2010, 15                            

 

 

8565

25. Rios, J.L.; Recio, M.C. Medicinal plants and antimicrobial activity. J. Ethnopharmacol. 2005, 

100, 80-84. 

26. Gibbons, S. Phytochemicals for bacterial resistance - Strengths, weaknesses and opportunities. 

Planta Med. 2008, 74, 594-602. 

27. Rivero-Cruz, J.F.; Zhu, M.; Kinghorn, A.D.; Wu, C.D. Antimicrobial constituents of Thompson 

seedless raisins (Vitis vinifera) against selected oral pathogens. Phytochem. Lett. 2008, 1,  

151-154. 

28. Botelho, M.A.; Nogueira, N.A.P.; Bastos, G.M.; Fonseca, S.G.C.; Lemos, T.L.G.; Matos, F.J.A.; 

Montenegro, D.; Heukelbach, J.; Rao, V.S.; Brito, G.A.C. Antimicrobial activity of the essential 

oil from Lippia sidoides, carvacrol and thymol against oral pathogens. Braz. J. Med. Biol. Res. 

2007, 40, 349-356. 

29. Silva, M.L.; Coimbra, H.S.; Pereira, A.C.; Almeida, V.A.; Lima, T.C.; Costa, E.S.; Vinholis, 

A.H.; Royo, V.A.; Silva, R.; Filho, A.A.; Cunha, W.R.; Furtado, N.A.J.C.; Martins, C.H.; 

Carvalho, T.C.; Bastos, J.K. Evaluation of Piper cubeba extract, (-)-cubebin and its semi-

synthetic derivatives against oral pathogens. Phytother. Res. 2007, 21, 420-422. 

30. Kubo, I.; Himejima, M.; Tsujimoto, K.; Muroi, H.; Ichikawa, N. Antibacterial activity of crinitol 

and its potentiation. J. Nat. Prod. 1992, 55, 780-785. 

31. Kubo, I.; Muroi, H.; Himejima, M. Antibacterial activity of totarol and its potentiation. J. Nat. 

Prod. 1992, 55, 1436-1440. 

32. Osawa, K.; Yasuda, H.; Maruyama, T.; Morita, H.; Takeya, K.; Itokawa, H.; Okuda, K. An 

investigation of diterpenes from the leaves of Rabdosia trichocarpa and their antibacterial activity 

against oral microorganisms. Chem. Pharm. Bull. (Tokyo) 1994, 42, 922-925. 

33. Liu, X.T.; Pan, Q.; Shi, Y.; Williams, I.D.; Sung, H.H.; Zhang, Q.; Liang, J.Y.; Ip, N.Y.; Min, 

Z.D. Ent-rosane and labdane diterpenoids from Sagittaria sagittifolia and their antibacterial 

activity against three oral pathogens. J. Nat. Prod. 2006, 69, 255-260. 

34. Liu, X.T.; Shi, Y.; Yu, B.; Williams, I.D.; Sung, H.H.; Zhang, Q.; Liang, J.Y.; Ip, N.Y.; Min, Z.D. 

Antibacterial diterpenoids from Sagittaria pygmaea. Planta Med. 2007, 73, 84-90. 

35. Bernardes, W.A.; Lucarini, R.; Tozatti, M.G.; Souza, M.G.; Silva, M.L.; Filho, A.A.; Martins, 

C.H.; Crotti, A.E.; Pauletti, P.M.; Groppo, M.; Cunha, W.R. Antimicrobial activity of Rosmarinus 

officinalis against oral pathogens: relevance of carnosic acid and carnosol. Chem. Biodivers. 2010, 

7, 1835-1840. 

36. Saleem, M.; Nazir, M.; Ali, M.S.; Hussain, H.; Lee, Y.S.; Riaz, N.; Jabbar, A. Antimicrobial 

natural products: an update on future antibiotic drug candidates. Nat. Prod. Rep. 2010, 27,  

238-254. 

37. D'Arrigo, M.; Ginestra, G.; Mandalari, G.; Furneri, P.M.; Bisignano, G. Synergism and 

postantibiotic effect of tobramycin and Melaleuca alternifolia (tea tree) oil against 

Staphylococcus aureus and Escherichia coli. Phytomedicine 2010, 17, 317-322. 

38. White, R.L.; Burgess, D.S.; Manduru, M.; Bosso, J.A. Comparison of three different in vitro 

methods of detecting synergy: time-kill, checkerboard, and E test. Antimicrob. Agents Chemother. 

1996, 40, 1914-1918. 

39. Urzúa, A.; Rezende, M.C.; Mascayano, C.; Vasquez, L. A structure-activity study of antibacterial 

diterpenoids. Molecules 2008, 13, 882-891. 



Molecules 2010, 15                            

 

 

8566

40. Pelletier, S.W.; Chokshi, H.P.; Desai, H.K. Separation of diterpenoid alkaloid mixtures using 

vacuum liquid chromatography. J. Nat. Prod. 1986, 49, 892-900. 

41. Still, W.C.; Kahn, M.; Mitra, A. Rapid chromatographic tecnique for preparative separations with 

moderate resolution. J. Org. Chem. 1978, 43, 2923-2925. 

42. Ambrosio, S.R.; Schorr, K.; Da Costa, F.B. Terpenoids of Viguiera arenaria (Asteraceae). 

Biochem. Syst. Ecol. 2004, 32, 221-224. 

43. Mihashi, S.; Yanagisawa. I; Tanaka, O.; Shibata, S. Further study on diterpenes of Aralia spp. 

Tetrahedron Lett. 1969, 21, 1683-1686. 

44. Jackson, M.; Karwowski, J.P.; Humphrey, P.E.; Kohl, W.L.; Barlow, G.J.; Tanaka, S.K. 

Calbistrins, novel antifungal agents produced by Penicillium restrictum. 1. Production, taxonomy 

of the producing organism and biological activity. J. Antibiot. 1993, 46, 34-38. 

 

Sample Availability: Samples of the compounds are not available. 

 

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


