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Abstract – Fermentation of a bacterium Bacillus subtilis isolated from the marine 

sediment sample collected at Gageocho, Republic of Korea in sea water based 

modified Bennett’s medium followed by double ethyl acetate (EA) extraction of 

the supernatant, sequential fractionations and purifications afforded three new 

glycosylated methoxymacrolactins (13). The characterization of these 

compounds was achieved by various spectroscopic techniques including 

HRESIMS and extensive 1D and 2D NMR data analyses. The stereoconfiguration 

was assigned based on the chemical derivatization studies and literature data 

reviews. Methoxymacrolactins were found to exhibit good antimicrobial 

properties when tested against bacteria and fungi. But, these compounds did not 

display any antiplasmodial activity against Plasmodium falciparum (D10). 

 

INTRODUCTION  

To date, a number of pharmaceutically active compounds have been isolated from marine organisms and 

associated microorganisms with varying degrees of action, such as antibacterial, antifungal, anti-tumor, 

anti-cancer, anti-viral, cytotoxic, and immunosuppressive.
1
 Drug discovery research from marine 

organisms adjacent to terrestrial sources is increasing day by day and involves interdisciplinary research 

including biochemistry, biology, ecology, organic chemistry and pharmacology.
2,3

 Moreover, as the 

emergence of drug resistant pathogens is increasing enormously, there is a continuing interest on the 

microbial products by the pharmaceutical as well as agrochemical industries in the development of new 
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therapeutic agents. Macrolactins are a group of 24-membered macrolides possessing potent antibacterial, 

antifungal and antiviral activities.
4
 Most of these macrolactins were derived as secondary metabolites 

from the marine microorganisms, while several of them were produced by some soil microorganisms as 

well. We have focused our attention on the isolation and biological activity investigation of secondary 

metabolites from the strain 109GGC020 that revealed 100% 16S rRNA sequencing similarity to B. 

subtilis. This bacterium was found to produce antibacterial, antifungal and antiviral compounds like 

peptides, macrolides, and unsaturated fatty acids.
4-8

 We found from these reviews that varieties of 

bioactive compounds have been isolated from the culture of the species B. subtilis at variable conditions 

and collected from different origins, which inspired us to advance further study on this species. And, in 

the course of our study three new glycosylated methoxymacrolactins (13) were isolated and revealed as 

good antimicrobial agents. 

 

Figure 1. Structures of methoxymacrolactins 13 and macrolactin B. 

RESULTS AND DISCUSSION 

Identification of the isolated three new compounds was done based on spectroscopic data. Methoxy- 

macrolactin 1 was isolated as an amorphous solid and the molecular formula was determined to be 

C31H46O10 on the basis of high-resolution ESIMS showing a pseudomolecular ion peak at m/z 601.2983 

[M + Na]
+
 in combination with 

1
H and 

13
C data. The IR absorption bands at 1733 cm

1
 and 3374 cm

1
 

(brd.) suggested the presence of carbonyl and hydroxyl groups, respectively. Ultraviolet absorbencies a t 

 

308 HETEROCYCLES, Vol. 87, No. 2, 2013



 

 

Table 1. NMR data of compounds 1-3 recorded in CD3OD
 

  1  2  3 

No. δC δH (mult, J, Hz) δC δH (mult, J, Hz) δC δH (mult, J, Hz) 

1 168.1  166.5  167.8  

2 117.9 5.53 (d, J = 11.5) 116.2 5.52 (d, J = 11.2) 117.6 5.56 (d, J = 11.2) 

3 145.3 6.63 (t, J = 11.5) 144.1 6.59 (t, J = 11.2) 146.1 6.62 (t, J = 11.2) 

4 129.9 7.18 (dd, J = 15.0, 11.5) 129.0 7.30 (dd, J = 15.0, 11.5) 130.3 7.35 (dd, J = 15.5, 11.3) 

5 142.2 6.30 (m) 140.4 6.09 (m) 142.3 6.20 (m) 

6 41.3 2.43 (m) 

2.57 (m) 

39.2 2.44 (m) 

2.63 (m) 

41.3 2.35 (m) 

2.62 (m) 

7 78.2 4.47 (m) 78.1 4.42 (q, J = 7.2) 80.2 4.40 (m) 

8 134.2 5.62 (dd, J = 12.0, 7.0) 132.3 5.62 (dd, J = 15.5, 7.2) 133.9 5.60 (dd, J = 15.2, 8.5) 

9 129.9 6.65 (t, J = 12.0) 128.7 6.55 (dd, J = 15.5, 10.7) 130.5 6.54 (dd, J = 15.2, 11.0) 

10 131.4 6.13 (t, J = 11.5) 129.2 6.14 (dd, J = 15.0, 10.7) 130.8 6.15 (t, J = 11.0) 

11 129.2 5.58 (dd, J = 11.5, 5.0) 128.2 5.59 (dd, J = 15.0, 7.0 ) 129.9 5.63 (m) 

12 36.5 2.24 (m) 

2.60 (m) 

33.5 2.33 (m) 

2.38 (m) 

34.8 2.31 (m) 

2.43 (m) 

13 70.2 3.70 (m) 70.5 3.74 (m) 72.6 3.69 (m) 

14 42.6 1.60 (m) 

1.69 (m) 

38.8 2.27 (m) 40.8 2.26 (m) 

15 81.9 3.75 (q, J = 7.5) 130.1 5.73 (dt, J = 15.2, 7.5) 131.9 5.71 ( dd, J = 15.2, 7.5) 

16 131.9 5.30 (dd, J = 15.0, 7.5) 131.9 6.06 (dd, J = 15.2, 10.5) 133.5 6.08 (dd, J = 15.2, 8.0) 

17 135.4 6.16 (dd, J = 15.0, 10.2) 133.3 6.18 (dd, J = 15.0, 10.5) 135.4 6.17 (t, J = 9.5) 

18 131.3 6.07 (dd, J = 15.2, 10.2) 130.9 5.36 (dd, J = 15.0, 8.0) 132.8 5.32 (dd, J = 15.0, 9.5) 

19 136.5 5.68 (m) 81.9 3.61 (q, J = 8.0) 84.1 3.50 (dd, J =15.0, 7.0) 

20 33.4 2.12 (m) 

2.19 (m) 

34.3 1.50 (m) 

1.63 (m) 

35.7 1.53 (m) 

21 26.1 1.42 (m) 

1.55 (m) 

20.6 1.35 (m) 22.5 1.27 (m) 

1.37 (m) 

22 36.3 1.56 (m) 

1.66 (m) 

35.4 1.60 (m) 37.1 1.64 (m) 

23 72.1 5.02 (m) 70.4 4.99 (m) 70.7 5.04 (m) 

24 20.5 1.24 (d, J = 6.5) 19.4 1.23 (d, J = 6.5) 21.2 1.22 (d, J = 6.5) 

1′ 100.9 4.30 (d, J = 8.0) 99.9 4.33 (d, J = 8.0) 101.1 4.31 (d, J = 7.5) 

2′ 75.2 3.24 (m) 73.6 3.22 (m) 75.2 3.24 (m) 

3′ 78.3 3.34 (m) 76.7 3.35 (m) 78.3 3.34 (m) 

4′ 71.9 3.27 (m) 70.1 3.32 (m) 71.9 3.27 (m) 

5′ 78.2 3.18 (m) 76.5 3.20 (m) 78.2 3.18 (m) 

6′ 63.0 3.66 (m) 

3.87 (dd, J = 12.0, 2.0) 

61.2 3.68 (dd, J = 11.6, 5.5) 

3.86 (dd, J = 11.6, 2.5) 

62.9 3.66 (m) 

3.87 (dd, J = 12.0, 2.0) 

OCH3 56.3 3.24 (s) 54.9 3.23 (s) 56.3 3.21 (s) 

1H and 13C NMR data was assigned from the COSY, HSQC and HMBC spectra. 
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234 and 261 nm were assigned to a chromophore with extended conjugation. The 
1
H and 

13
C NMR 

resonances (Table 1) with 
1
H

1
H COSY and HSQC data revealed the presence of twelve sp

2
 olefinic 

methines, six sp
3
 methylenes, an sp

3
 methyl, four oxygenated methines, a methoxy, a lactone carbonyl 

carbon and a sugar moiety. These data analysis suggested that compound 1 belongs to the macrolactin 

family
4 

and possesses structural similarities to macrolactin B but differs from the molecular formula of 

macrolactin B by the addition of –CH3. In addition, the geometries of 1 were also found different from 

macrolactin B in the coupling constant values of olefinic protons. A methoxy group was figured out by a 

distinct singlet observed at δH 3.24 which was supported by the associated carbon resonated at δC 56.3 

deduced from HSQC spectra. The attachment of the methoxy group was confirmed by the HMBC 

correlation of the methoxy proton at δH 3.24 to the carbon resonated at δC 81.9 (C-15). Additionally, an 

anomeric proton at δH 4.30 (H-1′) and carbon signals at δC 63.0, 78.2, 71.9, 78.3, 75.2 and 100.9 revealed 

the presence of β-glucopyranose moiety in 1.
9-11

 The position of the glucopyranosyl moiety at C-7 was 

confirmed by the HMBC correlation between the anomeric proton at δH 4.30 (H-1′) and the carbon at δC 

78.2 (C-7). The presence of the hydroxy group at C-13 was also corroborated by HMBC correlations and 

by 
1
H–

1
H COSY correlations (Figure 2). The point of cyclization of the ester in macrolactone ring of 1 

was indicated by the chemical shift of H-23 at δH 5.02, which was clearly coupled to the H3-24 methyl 

group and supported by an HMBC correlation (Figure 2) of H-23 with a carbonyl carbon at δC 168.1 

(C-1). The connectivity of all other carbons and protons were established by COSY, HMBC and ROESY 

data. The configurations of the carbon-carbon double bonds (Z and E form) of 1 were assigned based on 

their 
1
H coupling constant values observed in CD3OD and ROESY correlations (Figure 4). The 

geometries of the conjugated dienes at C-2, C-4, C-8, C-10, C-16 and C-18 were determined to be Z, E, Z, 

Z, E and E, respectively on the basis of the coupling constants (J2,3 = 11.5 Hz; J4,5 = 15.0 Hz; J8,9 = 12.0 

Hz; J10,11 = 11.5 Hz; J16,17 = 15.0 Hz; and J18,19 = 15.2 Hz) and ROESY correlations (H-2/H-3; H-3/H-5; 

H-8/H-9; H-10/H-11, H-9/H-12; H-16/H-18; H-17/H-19). The absolute configuration of 1 at selected 

stereocenters C-7 and C-13 was determined by acid hydrolysis, followed by Mosher’s MTPA method
12-15

 

and assigned based on proton resonances of the S–MTPA and R–MTPA diester derivatives. A consistent 

distribution of positive and negative ΔδH values (ΔδH = δS  δR) around C-7 and C-13 allowed the 

assignment of S-configuration for C-7 and C-13 positions (Figure 3). Long range 
1
H-

1
H correlations 

between H-13 and H-15 and also between H-12 and H-15 were observed in ROE experiment, which were 

highly indicative of the syn relationship between H-13 and H-15 (Figure 3. (1c)). Consequently, the 

configuration of C-15 was considered to be R.
15,16

 The absolute configuration of glucopyranose moiety 

was ascribed to possess D-form by comparing the optical rotation value [0.5 mg, [α]
23

D +32 (c 0.3, H2O)] 

and TLC analysis (Rf  = 0.48) with an authentic sample.
17
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Figure 2. Key COSY and HMBC correlations of 1-3. 

The molecular formula of methoxy-macrolactin 2 was established as C31H46O10 based on high-resolution 

ESIMS (m/z 601.2982 [M + Na]
 +

) in combination with 
1
H and 

13
C data. The IR absorption bands at 1685 

cm
1

 and 3341 cm
1

 suggested the presence of carbonyl and hydroxyl moieties, respectively. The 
1
H and 

13
C NMR chemical shifts were found close to those of 1. The major differences between 1 and 2 were 

observed at the positions of the methoxy group and sp
2
 methines in 2. The long range HMBC correlation 

of the methoxy proton at δH 3.23 (-OCH3) to the oxygenated methine carbon at δC 81.9 confirmed that the 

methoxy group was attached at C-19. Furthermore, the sp
2
 methine carbons resonated at δC 130.1, 131.9, 

133.3 and 130.9 were located at C-15, C-16, C-17 and C-18, respectively constituting 
1
H

1
H COSY and 

HMBC correlations. Based on the coupling constant values and ROESY correlations, the geometries of 

the carbon-carbon double bonds at C-2, C-4 and C-8 were determined to be the same as 1. However, the 

direct measurement of the coupling constant between H-10 and H-11 was problematic because of the 

spectral overlap; nonetheless it was analyzed in conjunction with neighboring protons, and the clear 

ROESY correlation between H-9 and H-11, and the absence of ROE between H-9 and H-12 indicated the 

configuration of C-10 to be E (Figure 4). In addition, the geometries of the conjugated dienes at C-15 and 

C-17 were assigned as E by the combination of the large coupling constant values (J15,16 = 15.2 Hz and 

J17,18 = 15.0 Hz) and ROESY correlations between H-15 and H-17, H-16 and H-18, respectively. The 

absolute configuration of the selected stereocenters at C-7 and C-13 in 2 was considered to be the same as 

those of 1 as both compounds possess similar optical rotation values and 2 is likely either a biosynthetic 

precursor to 1 or they share a late stage biosynthetic intermediate.  
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Figure 3. ΔδH values (ΔδH = δS  δR) obtained for (S)  and (R) MTPA esters and selective ROE 

correlations of 1. 

 

The molecular formula of 3 was determined to be C31H46O10 based on high-resolution ESIMS (m/z 

601.2982 [M + Na]
+
) in combination with 

1
H and 

13
C NMR data. The extensive 1D and 2D NMR spectra 

for methoxymacrolactin 3 were similar to those of 1 and 2. Diagnostic 
1
H

1
H COSY, HSQC, HMBC 

and ROESY correlations demonstrated that 3 was an analogue of 2. The differences between 2 and 3 were 

the geometries of the carbon-carbon double bonds at C-10 and C-17, deduced from the careful 

investigation of the vicinal 
1
H coupling constants and ROESY correlations. The small coupling constant 

value (J = 11.0 Hz) between H-10 and H-11 indicated the configuration of C-10 to be Z, which was also 

supported by the clear ROESY correlations (H-9/H-10 and H-10/H-11). In the similar manner, the 

coupling constant value (J17,18 = 9.5 Hz) and the ROE correlations (H-16/H-19 and H-17/H-18) confirmed 

the geometry of C-17 to be Z. The configurations of the double bonds at C-2, C-4, C-8, and C-15 of 3 

were assigned to be Z, E, E and E, respectively based on the coupling constants (11.2, 15.5, 15.2 and 15.2 

Hz, respectively) and ROESY correlations (Figure 4). The absolute stereochemistry of 3 at the 

stereocenters C-7 and C-13 was confirmed by the modified Mosher’s method as S, which is the same as 

those of 1 (S.I.). The acid hydrolysis product of compound 3 was analyzed to confirm that the 

glucopyranose of 3 possessed D-form, the same as those of 1 and 2.  
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Figure 4. Key ROESY correlations of 1-3. 
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The absolute stereochemistry at C-23 in compounds 13 was assumed to be R because of their similar 
1
H 

and 
13

C chemical shifts at the position and optical rotation values with the reported macrolactins.
15,18

 

Moreover, these compounds were considered to be produced by a unique metabolic pathway and share 

the stereocenters between macrolactins A and B and their derivatives.
4,19

 Thus, compounds 1-3 were 

determined to be new derivatives of macrolactin B.   

Minimum growth inhibitory activity of compounds 13 were evaluated against bacteria and fungi (Table 

2). These compounds displayed good activity against both Gram positive and Gram negative bacteria and 

moderate antifungal activity. It may be noted that macrolactins usually showed antibacterial and moderate 

or weak antifungal activities.
20-22

 These three glycosylated methoxymacrolactins (13) were found to 

exhibit no antiplasmodial activity when tested against P. falciparum.  

 

Table 2. Growth inhibitory activity of compounds 13 

against pathogenic bacteria and fungi 

Microorganism MIC (μM) 

1 2 3 P.C 

Gram Positive Bacteria 

S. aeureus 

B. subtilis 

B. cereus 

 

0.03 

0.03 

0.06 

 

 

0.03 

0.06 

0.06 

 

 

0.03 

0.06 

0.06 

 

 

0.01 

0.01 

0.01 

 

Gram Negative Bacteria 

E. coli 

S. typhi 

P. aeruginosa 

 

0.06 

0.06 

0.03 

 

 

0.06 

0.11 

0.06 

 

 

0.03 

0.06 

0.06 

 

 

0.01 

0.01 

0.01 

 

Fungi 

C. albicans 

A. niger 

S. cerevacae 

 

0.11 

0.06 

0.22 

 

0.11 

0.06 

0.22 

 

0.11 

0.06 

0.22 

 

0.01 

0.01 

0.01 

P.C.; Azithromycin as positive control for bacteria and 

amphotericin B for fungi. 

EXPERIMENTAL 

General. Optical rotations were measured on a JASCO (DIP-1000) digital polarimeter. UV spectra were 

obtained on a Shimadzu UV-1650PC spectrophotometer. IR spectra were recorded on a JASCO 

FT/IR-4100 spectrophotometer. Spectroscopic data were acquired on a Varian Unity 500 spectrometer. 

High-resolution ESIMS were recorded on a hybrid ion-trap time-of-flight mass spectrometer (Shimadzu 

LC/MS-IT-TOF). Analytical HPLC was conducted with a PrimeLine Binary pump with RI-101(Shodex) 

and Variable UV Detector (M 525). Semi-preparative HPLC was performed using ODS 
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(YMC-Pack-ODS-A, 250 × 10 mm i.d, 5 µm) and silica (YMC-Pack-SIL, 250 × 10 mm i.d, 5 µm) 

columns. Analytical HPLC was conducted on an ODS column (YMC-Pack-ODS-A, 250 × 4.6 mm i.d, 5 

µm). All solvents used were either spectral grade or distilled prior to use. Natural sea water was collected 

from East Sea of South Korea at a depth of 20 m.  

Isolation and identification of the strain 109GGC020. The strain 109GGC020 was isolated from a 

sediment sample collected from Gageocho, Republic of Korea in 2010. To isolate pure strain one gram of 

the sediment sample was diluted in sterilized sea water (10
-1

, 10
-2

, 10
-3

 and 10
-4

) under aseptic conditions 

and 30 µL from each dilution was spread onto modified Bennett’s media agar plate (For 1 L 100% natural 

sea water media composition was 1% dextrose, 0.1% yeast extract, 0.1% beef extract, 0.2% tryptone, 

1.8% agar and pH adjusted to 7.2). The plates were incubated for 6 days at 28 °C, and the resulting 

colony of the strain 109GGC020 was isolated and maintained on modified Bennett’s agar media plates. 

Finally, the strain was stocked into 40% glycerol in sea water and utilized for further analysis. The strain 

was identified as Bacillus subtilis on the basis of 16S rRNA sequence analysis (GenBank Accession no. 

JQ927413). This strain is currently preserved in the Microbial Culture Collection, KORDI, with the name 

of B. subtilis, ID-109GGC020. 

Seed and large-scale cultures of the strain 109GGC020. The salinity and pH of seawater at the 

sampling site were 32.3 (g/L) and 8.01, respectively. Since, the physiological process of microorganisms 

depends on the surrounding conditions,
23

 the optimum growth condition of the strain was determined 

through culture in combination of different pH, salinity and temperature before proceeding of large scale 

culture. The salt concentration, pH and temperature were found 18.3 g/L, 7.02 and 24 °C, respectively for 

the optimum growth of the strain. The seed culture was carried out in modified Bennett’s medium 

(composition was same as above) into 100 mL flask (3 flasks) containing 50 mL medium. A single 

colony of the strain from the agar plate was inoculated aseptically into these flasks and incubated at 24 °C 

for 2 days on a rotary shaker at 120 rpm. An aliquot (0.2% v/v) from the seed culture was inoculated 

aseptically into 2 L flasks (total 50 flasks) containing 1 L sterilized culture medium. The production 

culture was incubated under optimum growth conditions for 7 days and then harvested. 

Extraction and isolation of compounds. The culture broth (50 L) was centrifuged to separate cells from 

broth media and the broth was extracted with EA (2 × 60 L). The EA layer was evaporated to dryness 

under reduced pressure at 40 °C. The residual suspension (8.4 g) was subjected to an ODS open column 

chromatography followed by stepwise gradient elution with MeOHH2O (v/v) (1:4, 2:3, 3:2, 4:1 and 

100:0) as eluent. The fraction eluted with MeOHH2O (3:2, v/v) again subjected to further fractionations 

by C18 MPLC to yield 10 subfractions. Semi-preparative silica HPLC (10% CHCl3 in MeOH; flow rate: 

1.5 mL/min; detector: UV) was used to collect fractions from subfractions. Compounds 13 (0.04%, 
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0.02% and 0.03% of the crude extract, respectively) were then further purified on an analytical ODS 

HPLC (flow rate: 0.6 mL/min; detector: UV) from different fractions using the following isocratic 

programs: 65% MeOH in H2O; 60% MeOH in H2O. 

Methoxymacrolactin 1. Amorphous solid; [α]
23

D 175 (c 0.1, MeOH); UV (MeOH) λmax 234, 261 nm; 

IR (MeOH) max 3374 cm
1

, 1733 cm
1

; 
1
H and 

13
C NMR data, Table 1; HRESIMS m/z 601.2983 [M + 

Na]
+
 (calcd. for C31H46O10Na, 601.2989). 

Methoxymacrolactin 2. Amorphous solid; [α]
23

D 155 (c 0.1, MeOH); UV (MeOH) λmax 227, 256 nm; 

IR (MeOH) max 3341 cm
1

, 1685 cm
1

; 
1
H and 

13
C NMR data, Table 1; HRESIMS m/z 601.2982 [M + 

Na]
+
 (calcd. for C31H46O10Na, 601.2989). 

Methoxymacrolactin 3. Amorphous solid; [α]
23

D 205 (c 0.1, MeOH); UV (MeOH) λmax 232, 261 nm; 

IR (MeOH) max 3389 (br), 1681 cm
-1

; 
1
H and 

13
C NMR data, Table 1; HRESIMS m/z 601.2982 [M + 

Na]
+
 (calcd. for C31H46O10Na, 601.2989). 

Absolute stereochemistry determination by Mosher’s method. Preparation of (S)MTPA and 

(R)MTPA diesters (1a and 1b) of 1. Compound 1 (1.9 mg) was hydrolyzed using 3N HCl for 6 h at 

90 °C followed by EA extraction to obtained aglycon (1.4 mg). The aglycon was then dissolved in 150 

µL pyridine and stirred at room temperature (rt) for 10 min. To the reaction vial, 20 µL (R)-()- 

α-methoxy-α-(trifluoromethyl)phenylacetyl chloride (MTPACl) was added and the mixture was stirred 

at rt for 16 h for the preparation of (S)MTPA esters (1a). Completion of the reaction was monitored by 

ESI-MS. The reaction mixture was dried in vacuo and redissolved in EA, washed with H2O, and purified 

on a C18 HPLC using 30% H2O in MeOH as eluent to obtain 1a (0.5 mg). All 
1
H signals were assigned by 

1
H

1
H COSY experiment. In an entirely analogous way, (R)MTPA ester (1b, 0.4 mg) was prepared 

using (S)-(+) –MTPACl (
1
H NMR data, S.I.). 

Preparation of (S) and (R)MTPA diesters (3a and 3b) of 3. (S)MTPA and (R)MTPA diesters (3a 

and 3b) of 3 were prepared following the same procedure described above (
1
H NMR data, S.I.). 

TLC comparison of the glucose in 1-3. After acid hydrolysis of compounds 1-3 at the above condition, 

the reation mixture was partitioned with EA/H2O. The aqueous layer was analyzed for the determination 

of the absolute configuration of the glucose in compounds 1-3. MeOH : EA (1:4) solvent system was used 

for TLC analysis of the glucose.
17

 Both authentic α- and β-D-glucopyranoses were run and Rf values were 

recorded.  

Antibacterial and antifungal tests. Antimicrobial activity of compounds 13 were determined by using 

a standard ‘broth dilution assay’
24 

against Gram positive and Gram negative bacteria and fungi. 

Antibacterial and antifungal tests were performed in nutrient broth and yeast maltose broth, respectively. 

A serial double dilution of each compound was prepared in 96-microtiter plates over the range of 0.5256 
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µg/mL. An overnight broth culture of each strain was prepared and final concentration of organisms in 

each culture was adjusted to 1.5 × 10
8 

cfu/mL by comparing the culture turbidity with the 0.5 McFarland 

Standard. Culture broth (30 L) was added to each dilution of compounds 13 and the final volume of 

each well was adjusted to 200 µL using the respective culture medium, and the plates were incubated 24 h 

at 37 °C for bacteria and 48 h at 30 °C for fungi.
25,26

 Finally, the minimum inhibitory concentration (MIC) 

was recorded following the lowest concentration of samples at which microorganisms did not 

demonstrate visible growth. 

Antiplasmodial activity test. The antiplasmodial activity test was carried out as described earlier 

Frédérich.
27

 The activity was monitored using a chloroquine-sensitive strain of P. falciparum (D10). All 

experiments were performed in triplicate on a single occasion and repeated twice. In the assays, 

chloroquine and artemisinin were used as positive controls. The results were expressed as 50% inhibitory 

concentrations (IC50), representing the concentration of drug that induced, respectively, a 50% 

parasitemia decrease compared with the control culture. The parasites were continuously cultured 

according to the methods described by Trager and Jensen
28

 and the parasite lactate dehydrogenase activity 

was used as a measure of parasite viability.
29

 The IC50 values of chloroquine diphosphate (Sigma) and 

artemisinin, used as antiplasmodial references, were determined at concentrations of 0.01, 0.05, 0.1, and 1 

µM. All compounds were also tested at four different concentrations (0.1, 1, 5 and 10 µM), and the results 

were expressed as 50% inhibitory concentrations (IC50), representing the concentration of drug that 

affords a 50% parasitemia decrease and cytotoxicity (SK-OV-3) compared with the control culture. 
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