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Abstract
Two new bisindole alkaloids, leucophyllinines A (1) and B (2) consisting of eburnane and quebrachamine-type skeletons 
were isolated from the bark of Leuconotis eugeniifolia, and their structures were elucidated on the basis of spectroscopic 
data. Leucophyllinines A and B showed antiplasmodial activities against Plasmodium falciparum 3D7.
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Introduction

In our search for new bioactive principles from tropical 
plants in Malaysia and Indonesia [1–4], we have reported 
alkaloids from Hunteria zeylanica, Leuconotis griffithii, 
Cassia siamea, Dysoxylum densiflorum, and Tabernaemon-
tana divaricata with potent biological activities [5–16]. 
Recently, an alkaloid isolated from Leuconotis griffithii, 
bisleuconothine A, was found to show cytostatic activity 
against A549 cells by autophagosome formation via inhibi-
tion of AKT–mTOR signaling [15, 17] and leucophyllidine 
from Leuconotis eugenifolius showed iNOS inhibitory activ-
ity and decreased iNOS protein expression dose-dependently 
[18]. Leuconotis eugeniifolia (Wall. ex G.Don) A.DC. is a 
member of the Apocynaceae family found in Sumatra, Bor-
neo, and peninsular Malaysia. Medicinally, the latex of this 
plant was once used for the treatment of worm infections 
and yaws by applying it to infected skin [19]. The bark and 
leaves have been known to produce various skeletal alkaloids 

depending on the area where the plants were distributed. 
Our research on the bark of L. eugeniifolia resulted in the 
isolation of two new compounds, leucophyllinines A and B 
(1 and 2, Fig. 1) together with melaxillarinine [20]. In this 
paper, we describe the isolation and structure elucidation of 
1 and 2, and their antiplasmodial activities against Plasmo-
dium falciparum 3D7.

Results and discussions

Structure elucidation of leucophyllinines A and B (1 
and 2)

Leucophyllinine A (1), [α]D
16-88 (c 1.0, MeOH), showed 

a molecular ion peak at m/z 593 (M)+ in the ESIMS, and 
the molecular formula  C38H49N4O2 was established by 
HRESIMS [m/z 593.3846 (M)+, Δ − 1.0 mmu]. IR absorp-
tions of 1 implied the presence of hydroxy and/or amine 
(3194 cm−1) functionality. Analysis of the 1H and 13C NMR 
data (Table 1) and the HSQC spectrum of 1 revealed the 
presence of four sp3 quaternary carbons, two sp3 methines, 
sixteen sp3 methylenes, two methyls, six sp2 methines, and 
eight sp2 quaternary carbons.

The planar structure of 1 was deduced from analy-
ses of the 2D NMR data, including the 1H–1H COSY, 
HSQC, and HMBC spectra (Fig. 2). The 1H–1H COSY 
spectrum revealed the connectivity of eight partial struc-
tures a (C-9–C-12), b (C-5–C-6), c (C-3, C-14–C-15), 
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d (C-16–C-17), e (C-18–C-19), f (C-5′–C-6′), g (C-3′, 
C-14′–C-15′), h (C-16′–C-17′), i (C-18′–C-19′) as shown 
in Fig. 2. These partial structures were classified into two 
units, A and B.

In unit A, the connectivity of partial structure b and the 
indole ring (C-2, C-7–C-13, and N-1) was revealed by the 
HMBC correlations of H-5 and H-9 to C-7 (δC 104.5) and 
H-6a to C-2 (δC 134.0). HMBC correlations from  H3-18 to 
C-20 (δC 35.5), H-19b to C-15 (δC 24.3), C-17 (δC 43.3) 
and C-21 (δC 60.2), and H-21 to C-2 and C-7, established 
the connections among C-15, C-17, C-19, and C-21 through 
C-20 and the connection between C-21 and C-2. HMBC 
cross-peaks of H-21 to C-3 (δC 44.6), H-5 to C-3 and C-21 
suggested the linkage between C-3, C-5, and C-21 through 
a nitrogen atom. The 1H and 13C NMR chemical shifts of 
C-16 (δC 48.4; δH 5.60) were characteristic of an eburnane 
skeleton.

In unit B, the connectivity of partial structure f and the 
indoline ring (C-2′, C-7′–C-13′, and N-1′) was revealed by 
the HMBC correlations of H-5′ to C-2′ (δC 102.4), H-6′ to 
C-7′ (δC 89.7), and C-8′ (δC 121.2). HMBC cross-peaks of 
H-5′ to C-2′, C-3′ (δC 57.1), and C-21′ (δC 63.0), and H-21′a 
to C-2′ and C-3′ established the connections among C-2′, 
C-3′, C-5′, and C-21′ through N-4′. The presence of an ethyl 
group at C-20′ was indicated by the HMBC correlations of 
 H3-18′ to C-20′ (δC 32.4), and H-19′ to C-15′ (δC 31.1), C-17′ 
(δC 31.0), and C-21′. The connectivity of C-2′ and C-16′ 
was deduced by HMBC correlation of H-16′ to C-7′. The 
13C chemical shifts of C-11′ and C-7′ (δC 158.7 and δC 89.7) 
indicated that they were attached to an oxygen atom. These 
data implied unit B possessed a quebrachamine skeleton.

Finally, unlike melaxillarinine [20] with a C-16 and 
C-12′ linkage, the linkage between units A and B of 1 at 
C-16 and C-10′ was suggested by the HMBC correlations 
of H-16 to C-9′ and C-11′, and H-17 to C-10′. Thus, the 
planar structure of leucophyllinine A (1) was assigned as 
a new eburnane–quebrachamine bisindole alkaloid with a 

bridge between C-16 of an eburnane skeleton and C-10′ of 
a quebrachamine skeleton as shown in Fig. 2.

The relative configuration of each monoterpene indole 
unit in 1 was assigned by NOESY correlations as shown 
in computer-generated 3D drawing (Fig. 3). In unit A, the 
NOESY correlations of H-21/H-17a and H-21/H-19a sug-
gested that both H-21 and the ethyl group (C-18–C-19) are 
β-oriented, and the NOESY correlation of H-15a/H-16 and 
the 3JH-17a/H-16 (11.3 Hz) suggested that H-16 is α-oriented. 
In unit B, H-3′a/H-21′a, H-14′b/H-16′a, and H-21′a/H-15′a 
suggested that the 1-azabicyclo[3.3.1]nonane ring took 
a chair–chair conformation. If the orientation of the ethyl 
group is arbitrarily defined as � , the NOESY correlation 
of H-6′a/H-21′b suggested that the hydroxy group at C-7′ 
is β-oriented and the configuration of C-2′ is as shown in 
Fig. 3.

Finally, the conformation of 1 through the C-16–C-10′ 
bond was investigated by using molecular mechanics calcu-
lations. The global minimum obtained through Monte Carlo 
conformational search, as shown in Fig. 4, is consistent with 
the observed NOESY correlations of H-21/H-9′. In addi-
tion, theoretical calculation of the total molecular energy as 
a function of the dihedral angle of N-1–C-16–C-10′–C-11′ 
showed two energy minima (at 140°, corresponding to the 
global minimum shown in Fig. 4, and at 305°). However, the 
conformational change among these conformers could not 
be observed by molecular dynamics calculation.

Leucophyllinine B (2), [α]D
26-111 (c 1.0, MeOH), showed 

a molecular ion peak at m/z 607 (M)+ in the ESIMS, and 
the molecular formula  C39H51N4O2 was established by 
HRESIMS [m/z 607.4011 (M)+, Δ − 0.1 mmu], indicating 
the presence of an additional methyl group relative to 1. 
Analysis of the 1H and 13C NMR data (Table 1) showed that 
the main differences between 1 and 2 were the presence of an 
additional signal at δH 2.69, δC 52.9 in 2, which was deduced 
to be the methoxy group at C-7′ by the HMBC correlations 
of the methoxy protons to C-7′. Analysis of the NOESY 
spectral data also suggested that 2 had the same configura-
tion as 1 for both units A and B. The methoxy group (δH 
2.69) was shifted to a higher magnetic field because of the 
anisotropic effect of the indole ring of unit A suggesting that 
2 had 16S*, 20R*, 21R*, 2′S*, 7′R*, 20′R*.

The configuration of melaxillarinine has been incom-
pletely elucidated. Compared with the 1H and 13C NMR data 
of 1, the signals of  H2-3′,  H2-5′ and  H2-14′ in melaxillarin-
ine were shifted to a higher magnetic field because of the 
anisotropic effect of the indole ring, suggesting the relative 
configuration of melaxillarinine to be 16S*, 20R*, 21R*, 
2′S*, 7′R*, 20′R*. The absolute configuration of melaxil-
larinine was then assigned by comparing the experimental 
CD spectrum with the calculated CD spectra [21]. As shown 
in Fig. 5, the calculated CD spectra of the isomer with 16S, 
20R, 21R, 2′S, 7′R, 20′R configurations shows a similar CD 
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Table 1  1H (600 MHz) and 
13C (150 MHz) NMR data of 
leucophyllinines A (1) and B (2) 
in  CD3OD/CDCl3

a Measured in  CD3OD/CDCl3 2:1
b Measured in  CD3OD/CDCl3 4:1

1a 2b

δH (J, Hz) δC δH (J, Hz) δC

2 134.0 2 126.9
3 2.38 (1H, m) 44.6 3 2.87 (1H, m) 44.4

2.51 (1H, m) 3.23 (1H, m)
5 3.27 (2H, m) 51.0 5 3.67 (1H, m) 50.9
6 2.60 (1H, brd, 15.0) 17.3 3.76 (1H, m)

2.99 (1H, ddd, 14.9, 7.9, 7.9) 6 3.11 (1H, m) 16.3
7 104.5 7 103.3
8 128.7 8 127.0
9 7.41 (1H, d, 7.9) 118.4 9 7.46 (1H, d, 7.8) 118.6
10 6.98 (1H, dd, 7.5, 7.5) 119.4 10 7.05 (1H, dd, 7.1, 7.1) 120.7
11 6.85 (1H, dd, 7.6, 7.6) 120.4 11 6.93 (1H, dd, 8.2, 8.2) 122.3
12 6.72 (1H, d, 8.2) 111.7 12 6.72 (1H, d, 8.4) 112.8
13 136.3 13 136.9
14 1.34 (1H, m) 20.7 14 1.62 (1H, m) 18.2

1.73 (1H, m) 2.01 (1H, m)
15 1.08 (1H, td, 13.5, 3.4) 24.3 15 1.27 (1H, m) 22.3

1.43 (1H, m) 1.62 (1H, m)
16 5.60 (1H, dd, 11.3, 5.0) 48.4 16 5.56 (1H, dd, 11.4, 4.5) 48.9
17 1.58 (1H, dd, 14.1, 11.6) 43.3 17 1.59 (1H, m) 40.8

2.32 (1H, m) 2.55 (1H, dd, 14.5, 5.0)
18 0.88 (3H, t, 7.4) 7.7 18 0.89 (3H, t, 7.4) 7.1
19 1.43 (1H, m) 28.9 19 1.50 (1H, m) 27.6

2.10 (1H, m) 2.10 (1H, dd, 14.7, 7.5)
20 35.5 20 35.5
21 4.01 (1H, s) 60.2 21 4.68 (1H, s) 60.5
2′ 102.4 2′ 103.5
3′ 3.06 (1H, ddd, 13.5, 13.5, 5.0) 57.1 3′ 2.82 (1H, m) 57.4

3.67 (1H, dd, 13.6, 5.1) 3.37 (1H, m)
5′ 3.19 (1H, dd, 11.6, 7.6) 60.7 5′ 2.96 (1H, ddd, 13.4, 13.4, 6.4) 62.8

3.26 (1H, m) 3.21 (1H, m)
6′ 2.32 (1H, m) 38.6 6′ 2.36 (1H, m) 34.5

2.51 (1H, m) 2.43 (1H, m)
7′ 89.7 7′ 93.2
8′ 121.2 8′ 115.1
9′ 6.71 (1H, s) 121.6 9′ 6.61 (1H, s) 122.9
10′ 123.3 10′ 120.8
11′ 158.7 11′ 157.4
12′ 6.32 (1H, s) 98.6 12′ 6.51 (1H, s) 98.1
13′ 146.9 13′ 149.3
14′ 1.85 (1H, m) 19.9 14′ 1.79 (1H, m) 18.8

2.45 (1H, m) 2.35 (1H, m)
15′ 1.48 (1H, m) 31.1 15′ 1.33 (1H, m) 32.4

1.81 (1H, m) 1.67 (1H, m)
16′ 2.16 (1H, m) 29.0 16′ 2.00 (1H, m) 26.3

2.35 (1H, m) 2.33 (1H, m)
17′ 1.63 (1H, m) 31.0 17′ 1.72 (2H, m) 25.8

1.73 (1H, m)
18′ 0.85 (3H, t, 7.6) 7.0 18′ 0.87 (3H, t, 7.4) 6.8
19′ 1.27 (2H, q, 7.6) 34.7 19′ 1.31 (2H, q, 7.5) 33.8
20′ 32.4 20′ 31.7
21′ 2.87 (1H, d, 12.2) 63.0 21′ 2.59 (1H, d, 13.1) 63.2

3.45 (1H, d, 12.2) 3.32 (1H, m)
OMe 2.69 (3H, s) 52.9
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pattern to the experimental melaxillarinine. Thus the abso-
lute configuration of melaxillarinine was proposed as 16S, 
20R, 21R, 2′S, 7′R, 20′R.

Considering their biogenesis relationships, the absolute 
configuration of 1 and 2 should be the same as melaxillar-
inine, i.e. 16S, 20R, 21R, 2′S, 7′R, 20′R. Nevertheless, the 

possibility of 1 having 16S, 20R, 21R, 2′R, 7′S, 20′S could 
not be completely excluded. However, the calculated CD 
spectra of the isomer with 16S, 20R, 21R, 2′S, 7′R, 20′R 
(Fig. 6, isomer 2) showed a closer similarity to the experi-
mental CD of 1, relative to the 16S, 20R, 21R, 2′R, 7′S, 20′S 
(Fig. 6, isomer 1). Therefore, their absolute configuration of 
1 was proposed as 16S, 20R, 21R, 2′S, 7′R, 20′R (isomer 2). 
The absolute configuration of compound 2, which showed 
a similar CD spectrum to 1, was determined to be the same 
as 1.

A plausible biogenetic path for leucophyllinines A (1) 
and B (2) is proposed as shown in Scheme 1. A series of 
dimers might be derived by intermolecular coupling of imine 
intermediate a generated from the corresponding alkaloid 
such as eburnamine, with the corresponding alkaloid such 
as 11-hydroxyquebrachamine, followed by an intramolecular 
cyclization reaction of imine intermediate b generated from 
the hydroxylated alkaloid, as shown in Scheme 1.

Biological activity of leucophyllinines A and B (1 
and 2)

Against P. falciparum 3D7 strain, 1 and 2 with a 
C-16–C-10′ bridge showed potent in vitro antimalarial 
activity [Table 2: half-maximal (50%) inhibitory concen-
tration  (IC50) = 32.7 and 2.6 μM, respectively], whereas 
melaxillarinine with a C-16–C-12′ bridge showed low 
activity  (IC50 > 50 μM; growth inhibition rate = 31.0% at 
50 μM). Furthermore, the cytotoxic activity was evalu-
ated using two human cell lines, HEK293T cells (rela-
tively sensitive to cytotoxicity) and HepG2 cells (relatively 
resistant to cytotoxicity). The cytotoxic activity of 1 and 
2 was low [Table 2: half-maximal (50%) cytotoxic con-
centration  (CC50) ≧ 50 and 26.9 µM for HEK293T cells 

Fig. 2  Selected 2D NMR correlations for leucophyllinine A (1)

Fig. 3  Selected NOESY correlations for units A and B in leucophyllinine A (1)
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and each > 50 µM for HepG2 cells, respectively]. In addi-
tion, the most active compound, compound 2, also had 
the highest selectivity [Table 2: selective index (SI) = 10.3 
and > 19.2 for HEK293T and HepG2 cells, respectively]. 
These results suggested that the biological activity of the 
C-16–C-10′ bridge is stronger than that of the C-16–C-12′ 
bridge.
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Experimental section

General experimental procedures

Optical rotations were measured on a JASCO DIP-1000 
polarimeter. UV spectra were recorded on a Shimadzu 
UVmini-1240 spectrophotometer and IR spectra on a 
JASCO FT/IR-4100 spectrophotometer. High-resolution 
ESI MS were obtained on a LTQ Orbitrap XL (Thermo 
Scientific). 1H and 2D NMR spectra were measured on a 
600 MHz spectrometer at 300 K, while 13C NMR spectra 
were on a 150 MHz spectrometer. The residual solvent peaks 
were used as internal standards (δH 3.31 and δC 49.0 for 
 CD3OD). Standard pulse sequences were used for the 2D 
NMR experiments. Merck silica gel 60 (40–63 μm) was used 
for the column chromatography, and the separations were 
monitored by Merck silica gel 60 F254, or Merck silica gel 
RP C-18 F254 TLC plates.

Material

The barks of L. eugeniifolia were collected in Johor, Malay-
sia in August 2007. The botanical identification was made 
by Prof. A. Hamid A. Hadi, University of Malaya. Voucher 
specimens (Herbarium No. KL 5476) was deposited at the 

Fig. 4  Selected NOESY correlations for leucophyllinine A (1)

Fig. 5  Experimental and calculated CD (BP86 and M06-L level of theory) spectra, and a stable conformer for melaxillarinine
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Herbarium of the Department of Chemistry, University of 
Malaya, Kuala Lumpur, Malaysia.

Extraction and isolation

The bark of L. eugeniifolia (920 g) was extracted with 
MeOH (3 × 25 L, each 24 h), then AcOH (3 × 25 L, each 
24 h), and the extract (20.4 g) was treated with 3% tartaric 
acid (pH 2) and then partitioned with EtOAc. The aqueous 
layer was treated with saturated  Na2CO3 (aq) to pH 10 and 
extracted with  CHCl3 to give an alkaloidal fraction (1.88 g). 

The alkaloidal fraction was subjected to an amino silica gel 
column  (CHCl3/MeOH, 49:1 → 0:1) to give leucophyl-
linine A (1, 155.2 mg, 0.0169%), and the fractions were 
further separated using a silica gel column  (CHCl3/MeOH, 
9:1 → 1:1,  CHCl3/MeOH/H2O, 7:3:0.5) to give leucophyl-
linine B (2, 179.6 mg, 0.0195%) and using ODS HPLC 
 (CH3CN/H2O, 21:79; formic acid 0.1%) to give melaxillar-
inine (6.8 mg, 0.0007%).

Leucophyllinine A [α]D
16-88 (c 1.0, MeOH); IR (Zn–Se) νmax 

3194, 2935, 1624 cm−1; UV (MeOH) λmax (ε) 294 (8300), 
224 (32,200), 207 (40,800) nm; CD (MeOH) λmax (Δε) 300 
(− 2.99), 295 (− 2.04), 234 (− 17.40), 203 (46.30) nm; 1H 
and 13C NMR data, see Table 1; ESIMS m/z 593 (M)+; 
HRESIMS m/z 593.3846 (M)+ (calcd for  C38H49N4O2, 
593.3856).

Leucophyllinine B [α]D
26-111 (c 1.0, MeOH); IR (Zn–Se) νmax 

3387, 1676, 1200, 1139 cm−1; UV (MeOH) λmax (ε) 293 
(4000), 2265 (20,200), 210 (25,700) nm; CD (MeOH) λmax 
(Δε) 299 (− 3.16), 296 (− 2.72), 230 (− 24.77), 203 (33.26) 

Fig. 6  Experimental and calculated CD (BP86 and M06-L level of 
theory) spectra for leucophyllinine A (1). Isomer 1: 16S, 20R, 21R, 
2′R, 7′S, 20′S and isomer 2: 16S, 20R, 21R, 2′S, 7′R, 20′R 

Scheme 1  A plausible bioge-
netic path of leucophyllinine A 
(1) and B (2)

Table 2  Antimalarial activity against Plasmodium falciparum 3D7

3D7 HEK293T HepG2

IC50 (μM) CC50 (μM) SI CC50 (μM) SI

1 32.7 > 50 > 1.5 > 50 > 1.5
2 2.6 26.9 10.3 > 50 > 19.2
Melaxillarinine > 50 – – – –
Chloroquine 0.067 22.4 334.4 20.0 298.5



539Journal of Natural Medicines (2019) 73:533–540 

1 3

nm; 1H and 13C NMR data, see Table 1; ESIMS m/z 607 
(M)+; HRESIMS m/z 607.4011 (M)+ (calcd for  C39H51N4O2, 
607.4012).

CD calculations

The conformations were obtained using Monte Carlo analy-
sis with MMFF94 force field and charges on Macromodel 
9.1. CD calculations were performed in Turbomole 7.1 
using RI-TD-DFT-M06-L/SVPD level of theory on RI-
DFT-M06-L/TZVP optimized geometries and RI-TD-DFT-
BP-86/SVPD level of theory on RI-DFT-D3-BP-86/TZVP 
optimized geometries.

Parasite strain and culture

Plasmodium falciparum laboratory strain 3D7 was obtained 
from Prof. Masatsugu Kimura (Osaka City University, 
Osaka, Japan). For the assessment of antimalarial activ-
ity of the compounds in vitro, the parasites were cultured 
in Roswell Park Memorial Institute (RPMI) 1640 medium 
supplemented with 0.5 g/L l-glutamine, 5.96 g/L HEPES, 
2 g/L sodium bicarbonate  (NaHCO3), 50 mg/L hypoxan-
thine, 10 mg/L gentamicin, 10% heat-inactivated human 
serum, and red blood cells (RBCs) at a 3% hematocrit in 
an atmosphere of 5%  CO2, 5%  O2, and 90%  N2 at 37 °C as 
previously described [22]. Ring-form infected RBCs were 
collected using the sorbitol synchronization technique [23]. 
Briefly, the cultured cells were collected by centrifugation at 
840g for 5 min at room temperature, suspended in a fivefold 
volume of 5% d-sorbitol (Nacalai Tesque) for 10 min at room 
temperature, and then they were washed twice with RPMI 
1640 medium to remove the d-sorbitol. The utilization of 
blood samples of healthy Japanese volunteers for the parasite 
culture was approved by the institutional review committee 
of the Research Institute for Microbial Diseases (RIMD), 
Osaka University (approval number: 22-3).

Antimalarial activity

Ring-form-synchronized parasites were cultured with 1, 2, 
and melaxillarinine at sequentially decreasing concentra-
tions (50, 15, 5, 1.5, 0.5, 0.15, 0.05, and 0.015 µM) for 48 h 
for the flow cytometric analysis using an automated hema-
tology analyzer, XN-30. The XN-30 analyzer was equipped 
with a prototype algorithm for cultured falciparum para-
sites (prototype; software version: 01-03, (build 16)) and 
used specific reagents (CELLPACK DCL, SULFOLYSER, 
Lysercell M, and Fluorocell M) (Sysmex, Kobe, Japan) [24]. 
Approximately 100 µL of the culture suspension diluted with 
100 µL phosphate-buffered saline was added to a BD Micro-
tainer MAP Microtube for Automated Process  K2 EDTA 
1.0 mg tube (Becton–Dickinson and Co., Franklin Lakes, 

NJ, USA) and loaded onto the XN-30 analyzer with an auto-
sampler as described in the instrument manual (Sysmex). 
The parasitemia (MI-RBC%) was automatically reported 
[24]. Then 0.5% dimethyl sulfoxide alone or containing 
5 µM artemisinin was used as the negative and positive 
control, respectively. The growth inhibition (GI) rate was 
calculated from the MI-RBC% according to the following 
equation:

The  IC50 was calculated from GI (%) using GraphPad 
Prism version 5.0 (GraphPad Prism Software, San Diego, 
CA, USA) [25].

Cytotoxic activity

HEK293T and HepG2 (JCRB1054) cell lines were obtained 
from Prof. Yoshiharu Matsuura (Osaka University, Osaka, 
Japan) [26] and the Japanese Collection of Research Biore-
sources (JCRB, Osaka, Japan), respectively. The cells were 
cultured in Dulbecco’s modified Eagle’s medium [DMEM 
(1.0 g/L glucose) with l-glutamine and sodium pyruvate; 
Nacalai Tesque] supplemented with 10% (v/v) fetal bovine 
serum (FBS; Gibco-BRL, Grand Island, NY, USA) in a 
humidified incubator with 5%  CO2 at 37 °C. For the cyto-
toxic assay, the cells (5 × 103/well) were seeded in a 96-well 
plate. 1, 2, and melaxillarinine at gradually decreasing con-
centrations (50, 15, 5, 1.5, 0.5, 0.15, 0.05, and 0.015 µM) 
were added to the cell culture after 24 h and the cells were 
subsequently cultured for 48 h. Cell viability was measured 
using a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) 
according to the manufacturer’s instructions. Briefly, 10 
µL CCK-8 reagent was added to each well containing cul-
ture medium and incubated for 2 h under standard culture 
conditions. The absorbance of the sample was measured at 
450 nm using a PowerWave HT microplate spectrophotom-
eter (BioTek Instruments, Winooski, VT, USA). The cell 
viability was expressed as a percentage of the absorbance of 
the untreated control cells after subtracting the appropriate 
background intensity. The  CC50 was calculated from the cell 
viability using GraphPad Prism version 5.0. The SI, which 
is the ratio between the antimalarial activity and cytotoxic 
activity, was calculated according to the flowing equation.
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