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As part of our research program on the utilization of biore-
souces in Thailand, we have been screening fungal extracts
for in vitro assays inclusive of antimycobacterial and anti-
plasmodial activities. An extract from Aspergillus terreus
BCC 4651 exhibited moderate activity against Mycobac-
terium tuberculosis H37Ra (minimum inhibitory concentra-
tion (MIC) 25 mg/ml) and the 1H-NMR spectrum of the ex-
tract showed a unique profile, therefore, we selected the
strain for large scale fermentation and chemical investiga-
tion. This study led to the isolation of two new butenolides,
butyrolactones VI (1) and VII (2), together with the known
compounds, butylolactone I (3),1) butyrolactone II (4),2) buty-
rolactone IV (5),3) butyrolactone V (6),4) and aspernolide B
(7).5) A known diketopiperazine, bisdethiodi(methylthio)-
acetylaranotin (8),6—8) was also isolated as an antimycobacte-
rial constituent of the culture extract. We report herein the
structure elucidation of the new compounds and biological

activities of isolated compounds.

Results and Discussion
Initial study of the cultures grown in a common liquid

medium, Czapek–Dox broth, under shaking resulted in the
isolation of the known compounds 3—5, 7, and 8. Further
studies revealed that butyrolactone derivatives were effi-
ciently produced when the fungus BCC 4651 was fermented
in yeast extract sucrose medium (YES; a sucrose-rich liquid
medium) under static conditions. The culture provided with
two new compounds 1 and 2 along with 3, 5, 6 and terrein,
which is one of the commonly occurring Aspergillus toxins.9)

These compounds were isolated by column chromatography
(Sephadex LH-20, silica gel, and reversed-phase HPLC),
wherein fractions were analyzed by TLC and 1H-NMR.
Compounds 3—5, and 7 were identified on the basis of the
MS and NMR data as butyrolactone I,1,3) butyrolactone II,2,3)

butyrolactone IV,3) and aspernolide B,5) respectively. All
these butenolides were previously isolated from A. ter-
reus.2,3,5,10,11) The positive optical rotations of 3 ([a]D

25 �63,
c�0.25, EtOH), 5 ([a]D

26 �55, c�0.10, MeOH), and 7 ([a]D
25

�77, c�0.104, MeOH) were consistent with the literature
data, which confirmed the 4R-configuration. Butyrolactone V
(6) was recently isolated from Aspergillus sp. F1.4) However,
the original report didn’t refer to the absolute configuration
of the secondary alcohol (C-8�), and the reported specific ro-
tation ([a]D

20 �24.8, c�15.7, MeOH)4) was considerably dif-
ferent from that of our sample ([a]D

26 �79, c�0.095,
MeOH). Therefore, we determined the absolute configuration
(C-8�) of 6, from A. terreus BCC 4651, by application of the
modified Mosher’s method.12) Methylation of 6 (MeI, K2CO3,
N,N-dimethylformamide (DMF)) gave the dimethylated de-
rivative 9, which was subsequently converted to the (S)- and
(R)-a-methoxy-a-(trifluoromethyl)phenylacetic acid (MTPA)
ester derivatives 10a and 10b, respectively. The Dd-values
(dS–dR) of the Mosher esters unambiguously indicated the
8�S-configuration (Fig. 1).

Butyrolactone VI (1) was isolated as a colorless solid. The
molecular formula was determined to be C24H26O9 by high
resolution-electrospray ionization-mass spectra (HR-ESI-
MS). The IR spectrum showed broad and intense absorption
bands at nmax 3442 (broad) and 1739 cm�1. The 1H- and 13C-
NMR spectra were similar to those of other butyrolactone 
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derivatives. The differences were observed at the prenyl-
derived side chain (C-7�—C-11�). The side chain was com-
posed of an oxygenated quaternary carbon resonating at dC

71.8, an oxygenated methine at dC 80.1 (dH 3.48, dd, J�9.6,
2.0 Hz), a methylene at dC 33.6 (dH 2.65, dd, J�14.2, 2.0 Hz,
and 2.58, dd, J�14.2, 9.6 Hz), and two methyl groups at dC

24.8 (dH 1.19, 3H, s) and dC 24.2 (dH 1.18, 3H, s). The con-
nectivity of these side chain carbons was deduced by the het-
eronuclear multiple bond connectivity (HMBC) correlations
(Fig. 2). HMBC correlations from H2-7� to C-2�, C-3�, and
C-4�, and from H-2� to C-7� indicated the connection of C-7�
to C-3�. The structure of all other part of the molecule was
identical to butyrolactone I (3), which was also confirmed on
the basis of HMBC correlations (Fig. 2). Although the reso-
nances of hydroxyl protons (8�-OH and 9�-OH) were not ob-
served, the carbon chemical shifts and the molecular formula
(HR-MS) of this molecule required the diol structure of C-8�
and C-9�. Thus, butyrolactone VI (1) is a new analogue
wherein the double bond of the prenyl group in butyrolactone
I (3) is dihydroxylated. The 13C-NMR spectrum of 1 sug-
gested the presence of a minor isomer, whose carbon reso-
nances were mostly superimposed but some were separate
from the major isomer with ca. 5 : 1 peak intensity ratio: C-5
(dC 38.4/38.3), C-5� (115.5/115.6), C-7� (33.6/33.7), C-8�
(80.1/80.5), C-10� (24.8/25.0), and C-11� (24.2/24.1). These
data indicated that the isolated compound (1) was a mixture
of C-8� epimers. For the assignment of the C-8� absolute
configuration of the major isomer by the modified Mosher’s
method, the same derivatization procedure as 6 was exam-

ined. However, treatment of 1 with MeI/K2CO3 in DMF gave
unexpectedly a complex mixture of products.

The molecular formula of butyrolactone VII (2) was deter-
mined to be C25H26O7 (HR-ESI-MS). The 1H- and 13C-NMR
spectroscopic data were very similar to those of 3 except for
the replacement of the methoxycarbonyl group of 3 with an
ethoxycarbonyl. The ethyl group resonated at dC 62.2 (dH

4.26, 2H, q, J�7.1 Hz) and 13.3 (dH 1.20, 3H, t, J�7.1 Hz).
The HMBC correlations from the ethoxyl methylene protons
(dH 4.26) and the diastereotopic methylene protrons (H2-5) at
dH 3.46 and 3.45 to the ester carbonyl carbon at dC 169.5 (C-
6) confirmed the location of the ethoxycarbonyl group.
Therefore, 2 was assigned as the ethyl ester variant of buty-
rolactone I (3).

The isolated compounds were tested for antimycobacterial
activity against Mycobacterium tuberculosis H37Ra, an-
tiplasmodial activity against the malarial parasite Plasmod-
ium falciparum K1, and cytotoxicity to three human cancer
cell-lines, KB (oral epidermoid carcinoma), MCF-7 (breast
cancer) and NCI-H187 (small-cell lung cancer), and non-
cancerous Vero cells (African green monkey kidney fibrob-
lasts) (Table 1). Compound 2 was not tested for these assays
due to the sample limitation. Butyrolactones were weakly ac-
tive or inactive against M. tuberculosis, whereas diketopiper-
azine 8 exhibited a significant growth inhibitory effect (MIC
1.56 mg/ml). On the other hand, butyrolactone V (6) showed
moderate antimalarial activity (IC50 7.9 mg/ml). Butyrolac-
tone derivatives 1 and 3—7 exhibited very weak or no cyto-
toxicity. Butyrolactones I (3), II (4), III, and IV (5) are
known to exhibit weak cytotoxicity to human cancer cell-
lines, while they were inactive against several Gram-positive
and Gram-negative bacteria.3) Butyrolactone I (3) is also
known to be a specific inhibitor of eukalyotic cyclin-depend-
ent kinases.13—15)

Experimental
General Experimental Procedures Melting points were measured with

an Electrothermal IA9100 digital melting point apparatus. Optical rotations
were measured with a JASCO P-1030 digital polarimeter. UV spectra were
recorded on an Analytikjena SPEKOL 1200 spectrophotometer. Fourier
transform-infrared (FT-IR) spectra were recorded on a Bruker VECTOR 22
spectrometer. NMR spectra were recorded on Bruker AV500D and DRX400
spectrometers. ESI-time-of-flight (TOF) mass spectra were measured with a
Bruker micrOTOF mass spectrometer.

Fungal Material The fungus used in this study was isolated from a tree
hole in Nam Nao National Park, Phetchabun Province, Thailand, by Dr.
Wipapat Kladwang. This fungus was deposited in the BIOTEC Culture Col-

1546 Vol. 58, No. 11

Table 1. Antimycobacterial, Antiplasmodial, and Cytotoxic Activities of Compounds 1 and 3—8

Compound
M. tuberculosis P. falciparum

Cytotoxicity (IC50, mg/ml)

(MIC, mg/ml) (IC50, mg/ml)
KB MCF-7 NCI-H187 Vero

1 �50 �10 22 �50 �50 �50
3 �50 �10 �50 �50 �50 �50
4 �50 �10 27 �50 �50 �50
5 50 �10 �50 �50 �50 �50
6 �50 7.9 �50 �50 49 �50
7 25 �10 �50 �50 �50 �50
8 1.56 �10 �50 �50 14 �50

Isoniazida) 0.050 —e) —d) —d) —d) —d)

Dihydroartemisininb) —d) 0.0011 —d) —d) —d) —d)

Ellipticinec) —d) —d) 0.45 0.57 0.18 0.63

a) Standard antitubercular compound. b) Standard antimalarial compound. c) Reference compound for the cytotoxicity assay. d) Not tested.

Fig. 1. Dd-Values (dS–dR) of the Mosher Esters 10a and 10b

Fig. 2. Selected HMBC Correlations for 1



lection (BCC) as BCC 4651 on September 3, 1998. It was identified as As-
pergillus terreus on the basis of the sequence data of 18S rDNA and internal
transcribed spacer (ITS) genes by one of the authors (N.B.).

Fermentation in Yeast Extract Sucrose (YES) Medium, Extraction,
and Isolation Aspergillus terreus BCC 4651 was maintained on potato
dextrose agar at 25 °C. The agar was cut into small plugs and inoculated into
4�250 ml Erlenmeyer flasks containing 25 ml of potato dextrose broth
(PDB; potato starch 4.0 g, dextrose 20.0 g, per liter). After incubation at
25 °C for 6 d on a rotary shaker (200 rpm), each primary culture was trans-
ferred into a 1 l Erlenmeyer flask containing 250 ml of the same liquid
medium (PDB), and incubated at 25 °C for 6 d on a rotary shaker (200 rpm).
These secondary cultures were transferred into 40�1 l Erlenmeyer flasks
containing 250 ml of yeast extract sucrose medium (YES; yeast extract
20.0 g, sucrose 150.0 g, per liter), and final fermentation was carried out at
25 °C for 20 d under static conditions. The cultures were filtered to separate
broth (filtrate) and mycelia (residual cakes). The filtrate was extracted with
EtOAc (4�10 l) to give a brown gum (9.03 g, extract A). The wet mycelia
were macerated in MeOH (2�3 l, rt, 3 d). The combined MeOH solution
was partially concentrated by evaporation, diluted with H2O (100 ml), and
defatted with hexane (300 ml). The residual solution was partially concen-
trated by evaporation, and extracted with EtOAc (3�1.5 l) and concentrated
under reduced pressure to obtain a brown gum (5.60 g, extract B). Extracts A
and B were separately subjected to chromatographic fractionation. Extract A
was fractionated by column chromatography (CC) on Sephadex LH-20
(4.6�60 cm, MeOH) to obtain 8 pooled fractions A-1—A-8. Fraction A-4
(765 mg) was subjected to CC on silica gel (MeOH/CHCl3, step gradient
elution from 0 : 100 to 100 : 0) followed by preparative HPLC using a reverse
phase column (Phenomenex Luna 10u C18(2) 100A, 21.2 mm�250 mm;
MeOH/H2O�35 : 65, flow rate 8 ml/min) to furnish 6 (7.8 mg). Fraction A-5
(4.03 g) was repeatedly fractionated by CC on silica gel (MeOH/CHCl3) to
afford 3 (5.7 mg). Fraction A-6 (3.39 g) mostly composed of terrein. Extract
B was fractionated by CC on Sephadex LH-20 (4.6�60 cm, MeOH) to ob-
tain 9 pooled fractions B-1—B-9. Fraction B-3 (830 mg) was subjected to
CC on silica gel (3.0�20 cm, MeOH/CH2Cl2, step gradient elution from
5 : 95 to 100 : 0) and preparative HPLC (MeOH/H2O�40 : 60) to furnish 5
(5.7 mg), 2 (3.0 mg), and 3 (70.8 mg). Fraction B-4 (1.77 g) was separated by
CC on silica gel (MeOH/CH2Cl2, step gradient elution) and preparative
HPLC (MeOH/H2O�40 : 60) to obtain 5 (422 mg), 6 (62.8 mg), and ergos-
terol (28.6 mg). Fractions B-5 (652 mg) and B-6 (736 mg) were combined
and subjected to CC on silica gel (MeOH/CH2Cl2, step gradient elution) to
afford 1 (161 mg).

Fermentation in Czapek–Dox Medium, Extraction, and Isolation
The seed cultures of BCC 4651 in PDB were prepared in the same manner
as described above. The final fermentation was performed using
20�1000 ml Erlenmeyer flasks each containing 250 ml of Czapek–Dox
broth (sucrose 30.0 g, NaNO3 3.0 g, K2HPO4 1.0 g, MgSO4·7H2O 0.5 g, KCl
0.5 g, FeSO4·7H2O 0.1 g, per liter), and incubated for 20 d on rotary shakers
(200 rpm). The cultures broth extract (1.70 g) was subjected to chromato-
graphic fractionations (Sephadex LH-20, silica gel, and reverse phase
HPLC) to furnish 3 (6.0 mg), 4 (4.8 mg), 5 (5.4 mg), 7 (12.1 mg), and 8
(47.1 mg).

Butyrolactone VI (1): Colorless solid, mp 136—137 °C; [a]D
27 �71

(c�0.105, MeOH); UV (MeOH) lmax (log e) 230 (3.83), 304 (4.10) nm; IR
(neat) nmax 3442, 1739, 1664, 1610, 1518, 1385, 1261, 1181, 1066, 1038,
839, 757 cm�1; 1H-NMR (500 MHz, acetone-d6) d : 7.63 (2H, d, J�8.8 Hz,
H-2�, H-6�), 6.98 (2H, d, J�8.8 Hz, H-3�, H-5�), 6.61 (1H, d, J�2.1 Hz, H-
2�), 6.56 (2H, m, H-5�, H-6�), 3.79 (3H, s, CO2CH3), 3.48 (1H, dd, J�9.6,
2.0 Hz, H-8�), 3.46 (1H, d, J�14.4 Hz, Ha-5), 3.45 (1H, d, J�14.4 Hz, Hb-
5), 2.65 (1H, dd, J�14.2, 2.0 Hz, Ha-7�), 2.58 (1H, dd, J�14.2, 9.6 Hz, Hb-
7�), 1.19 (3H, s, H-10�), 1.18 (3H, s, H-11�); 13C-NMR (125 MHz, acetone-
d6) d : 170.0 (C, C-6), 168.0 (C, C-1), 158.0 (C, C-4�), 155.1 (C, C-4�),
138.4 (C, C-2), 133.2 (CH, C-2�), 129.5 (CH, C-6�), 129.3 (CH, C-2�, C-6�),
127.4 (C, C-3), 126.3 (C, C-3�), 124.3 (C, C-1�), 122.0 (C, C-1�), 115.7
(CH, C-3�, C-5�), 115.5 (CH, C-5�), 85.2 (C, C-4), 80.1 (CH, C-8�), 71.8 (C,
C-9�), 52.8 (CH3, CO2CH3), 38.4 (CH2, C-5), 33.6 (CH2, C-7�), 24.8 (CH3,
C-10�), 24.2 (CH3, C-11�); HR-MS (ESI-TOF) m/z: 481.1482 [M�Na]�

(Calcd for C24H26O9Na, 481.1469).
Butyrolactone VII (2): Colorless solid, mp 124—125 °C; [a]D

27 �54
(c�0.08, MeOH); UV (MeOH) lmax (log e) 227 (4.08), 303 (4.17) nm; IR
(neat) nmax 3444, 1738, 1665, 1610, 1257 cm�1; 1H-NMR (500 MHz, ace-
tone-d6) d : 9.27 (1H, br s, 2-OH), 9.10 (1H, br s, 4�-OH), 8.27 (1H, br s, 4�-
OH), 7.64 (2H, d, J�8.9 Hz, H-2�, H-6�), 6.97 (2H, d, J�8.9 Hz, H-3�, H-
5�), 6.59 (1H, d, J�8.1 Hz, H-5�), 6.55 (1H, dd, J�8.1, 2.1 Hz, H-6�), 6.51
(1H, d, J�2.1 Hz, H-2�), 5.11 (1H, m, H-8�), 4.26 (2H, q, J�7.1 Hz,

CO2CH2CH3), 3.46 (1H, d, J�14.7 Hz, Ha-5), 3.45 (1H, d, J�14.7 Hz, Hb-
5), 2.12 (2H, br d, J�7.2 Hz, H-7�), 1.65 (3H, br s, H-11�), 1.59 (3H, br s, H-
10�), 1.20 (3H, t, J�7.1 Hz, CO2CH2CH3); 

13C-NMR (125 MHz, acetone-d6)
d : 169.5 (C, C-6), 167.9 (C, C-1), 158.0 (C, C-4�), 153.9 (C, C-4�), 138.2
(C, C-2), 131.5 (C, C-9�), 131.4 (CH, C-2�), 129.3 (CH, C-2�, C-6�), 128,6
(CH, C-6�), 127.5 (C, C-3), 127.0 (C, C-3�), 124.1 (C, C-1�), 122.6 (CH, C-
8�), 121.9 (C, C-1�), 115.7 (CH, C-3�, C-5�), 114.1 (CH, C-5�), 85.2 (C, C-
4), 62.2 (CH2, CO2CH2CH3), 38.4 (CH2, C-5), 27.7 (CH2, C-7�), 25.0 (CH3,
C-11�), 16.9 (CH3, C-10�), 13.3 (CH3, CO2CH2CH3); HR-MS (ESI-TOF)
m/z: 461.1577 [M�Na]� (Calcd for C25H26O7Na, 461.1571).

Butyrolactone V (6): Colorless solid, mp 139—140 °C; [a]D
26 �79

(c�0.095, MeOH); UV (MeOH) lmax (log e) 229 (3.99), 306 (4.15) nm; IR
(KBr) nmax 3406, 1741, 1668, 1610, 1263 cm�1; 1H-NMR (500 MHz, ace-
tone-d6) d : 7.62 (2H, d, J�8.8 Hz, H-2�, H-6�), 6.98 (2H, d, J�8.8 Hz, H-3�,
H-5�), 6.60 (1H, dd, J�8.3, 2.0 Hz, H-6�), 6.49 (1H, d, J�8.3 Hz, H-6�),
6.48 (1H, m, H-2�), 3.79 (3H, s, CO2CH3), 3.69 (1H, dd, J�8.4, 5.5 Hz, H-
8�), 3.48 (1H, d, J�14.4 Hz, Ha-5), 3.46 (1H, d, J�14.4 Hz, Hb-5), 2.74
(1H, dd, J�16.5, 5.5 Hz, Ha-7�), 2.52 (1H, dd, J�16.5, 8.4 Hz, Hb-7�), 1.29
(3H, s, H-10�), 1.14 (3H, s, H-11�); 13C-NMR (125 MHz, acetone-d6) d :
169.9 (C, C-6), 167.8 (C, C-1), 158.0 (C, C-4�), 152.3 (C, C-4�), 138.3 (C,
C-2), 131.7 (CH, C-2�), 129.3 (CH, C-2�, C-6�), 129.2 (CH, C-6�), 127.5 (C,
C-3), 124.7 (C, C-1�), 121.9 (C, C-1�), 119.7 (C, C-3�), 116.0 (CH, C-5�),
115.7 (CH, C-3�, C-5�), 85.1 (C, C-4), 76.9 (C, C-9�), 69.0 (CH, C-8�), 52.8
(CH3, CO2CH3), 38.4 (CH2, C-5), 31.2 (CH2, C-7�), 25.3 (CH3, C-10�), 19.3
(CH3, C-11�); HR-MS (ESI-TOF) m/z: 441.1535 [M�H]� (Calcd for
C24H25O8, 441.1544), 463.1351 [M�Na]� (Calcd for C24H24O8Na,
463.1363).

Synthesis of the Mosher Esters 10a and 10b To a solution of 6
(5.2 mg) in DMF (0.3 ml) were added MeI (30 m l) and K2CO3 (25 mg), and
the mixture was stirred at room temperature for 15 h. The mixture was di-
luted with EtOAc, washed three times with H2O, and the organic layer was
concentrated under reduced pressure to obtain a dimethylated product 9
(3.7 mg): 1H-NMR (400 MHz, acetone-d6) d : 7.60 (2H, d, J�8.9 Hz, H-2�,
H-6�), 7.08 (2H, d, J�8.9 Hz, H-3�, H-5�), 6.57 (1H, dd, J�8.3, 1.6 Hz, H-
6�), 6.51 (1H, d, J�8.3 Hz, H-5�), 6.50 (1H, br s, H-2�), 4.19 (1H, br s, OH),
3.89 (3H, s, 4�-OCH3), 3.83 (1H, m, H-8�), 3.81 (3H, s, CO2CH3), 3.72 (3H,
s, 2-OCH3), 3.47 (1H, d, J�14.6 Hz, Ha-5), 3.39 (1H, d, J�14.6 Hz, Hb-5),
2.78 (1H, dd, J�16.6, 5.6 Hz, Ha-7�), 2.54 (1H, dd, J�16.6, 8.3 Hz, Hb-7�),
1.29 (3H, s, H-10�), 1.14 (3H, s, H-11�); HR-MS (ESI-TOF) m/z: 491.1670
[M�Na]� (Calcd for C26H28O8Na, 491.1676). A portion (1.5 mg) of this
methylated product was treated with (�)-(R)-MTPACl (20 ml) in pyridine
(0.2 ml) at room temperature for 15 h. The mixture was diluted with EtOAc
and washed with H2O, and 1 M NaHCO3, and the organic layer was concen-
trated under reduced pressure to furnish the (S)-MTPA ester derivative 10a.
Similarly, (R)-MTPA ester 10b was prepared from 9 and (�)-(S)-MTPACl.

(S)-MTPA Ester 10a: 1H-NMR (400 MHz, CDCl3) d : 7.60—7.30 (7H, m,
H-2�, H-5�, and phenyl of MTPA), 7.35—7.28 (3H, m, phenyl of MTPA),
6.98 (2H, d, J�8.9 Hz, H-3�, H-5�), 6.58 (2H, m, H-5�, H-6�), 6.51 (1H, br s,
H-2�), 5.08 (1H, dd, J�7.0, 5.3 Hz, H-8�), 3.87 (3H, s, 4�-OCH3), 3.79 (3H,
s, CO2CH3), 3.78 (3H, s, 2-OCH3), 3.47 (1H, d, J�14.7 Hz, Ha-5), 3.44 (3H,
br s, –OCH3 of MTPA), 3.35 (1H, d, J�14.7 Hz, Hb-5), 3.02 (1H, dd,
J�16.8, 5.3 Hz, Ha-7�), 2.65 (1H, dd, J�16.8, 7.0 Hz, Hb-7�), 1.30 (3H, s,
H-10�), 1.20 (3H, s, H-11�); HR-MS (ESI-TOF) m/z: 707.2079 [M�Na]�

(Calcd for C36H37F3O10Na, 707.2075).
(R)-MTPA Ester 10b: 1H-NMR (400 MHz, CDCl3) d : 7.60—7.30 (7H, m,

H-2�, H-5�, and phenyl of MTPA), 7.35—7.28 (3H, m, phenyl of MTPA),
6.98 (2H, d, J�8.9 Hz, H-3�, H-5�), 6.58 (2H, m, H-5�, H-6�), 6.54 (1H, br s,
H-2�), 5.08 (1H, m, H-8�), 3.87 (3H, s, 4�-OCH3), 3.80 (3H, s, CO2CH3),
3.78 (3H, s, 2-OCH3), 3.52 (1H, d, J�14.8 Hz, Ha-5), 3.44 (3H, br s, –OCH3

of MTPA), 3.37 (1H, d, J�14.8 Hz, Hb-5), 3.04 (1H, dd, J�17.0, 5.2 Hz,
Ha-7�), 2.78 (1H, dd, J�17.0, 6.2 Hz, Hb-7�), 1.22 (3H, s, H-10�), 1.11 (3H,
s, H-11�); HR-MS (ESI-TOF) m/z: 707.2079 [M�Na]� (Calcd for
C36H37F3O10Na, 707.2075).

Biological Assays Growth inhibitory activity against Mycobacterium tu-
berculosis H37Ra and cytotoxicity to Vero cells were performed using the
green fluorescent protein microplate assay (GFPMA).16) Assay for activity
against Plasmodium falciparum K1 (multi-drug resistant strain) was per-
formed using the microculture radioisotope technique.17) Cytotoxic activity
against KB, MCF-7, and NCI-H187 cell-lines was evaluated using the re-
sazurin microplate assay.18)
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