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We analyzed alcoholic extracts of herbs possessing 

anti-neosporal activity against Neospora (N.) caninum. To 

identify the chemical components of Sophora (S.) flavescens and 

Torilis (T.) japonica associated with anti-neosporal activity, 

specific fractions were isolated by high-performance liquid 

chromatography (HPLC). In vitro activity of the fractions 

against N. caninum was then assessed. Gas chromatography/ 

mass spectrometry (GC/MS) was used to identify and quantify 

specific anti-neosporal molecules in the herbal extracts. Almost 

all HPLC fractions of S. flavescens and T. japonica had higher 

levels of anti-neosporal activity compared to the not treated 

control. Active constituents of the extracts were sophoridane, 

furosardonin A, and tetraisopropylidene-cyclobutane in S. 

flavescens; 5,17-β-dihydroxy-de-A-estra-5,7,9,14-tetraene, 

furanodiene, and 9,12-octadecadienoic acid (Z,Z)-(CAS,1) in 

T. japonica. 

Keywords: GC/MS, HPLC, Neospora caninum, Sophora 
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Introduction

　Neospora (N.) caninum is an extra-intestinal coccidian. 
Transplacental infection by tachyzoites is a recognized 
mode of neosporosis transmission [8]. A second mode of 
transmission involves the ingestion of tissue containing N. 
caninum cysts [8]. Some reports have described the 
anti-neosporal activities of anti-protozoal drugs including 
toltrazuril sulfone (Ponazuril), the calcium ionophore 
A23187, dihydroxyisoflavone and trihydroxydeoxybenzoin 

derivatives, apicidin, clindamycin followed by 
sulfadiazine and trimethoprim, sulfonamides; and the 
dihydrofolate reductase/thymidylate synthase inhibitors 
pyrimethamine, sulfadiazine, and amprolium [1,3,5- 
7,10-14,20,21,23,27,28]. We previously used an in vitro 
assay to measure the ability of herbal extracts to prevent 
N. caninum from invading Vero cells. Alcoholic extracts 
of Sophora (S.) flavescens and Torilis (T.) japonica were 
found to have high levels of anti-neosporal activity in 
vitro [34]. However, no active drug has been 
commercially produced. Thus, we sought to develop 
anti-neosporal drugs from S. flavescens and Torilis T. 
japonica. Extracts of S. flavescens and Torilis T. 
japonica were fractionated by high-performance liquid 
chromatography (HPLC), and in vitro anti-protozoal 
effects of the complete herbal extracts and HPLC 
fractions have been evaluated [33-35]. 　To more accurately study the active components in the 
extracts of S. flavescens and Torilis T. japonica, fractions 
were isolated with HPLC in the present study. Active 
compounds in the individual fractions were identified and 
quantified by Gas chromatography/mass spectrometry 
(GC/MS). In vitro effects of each fraction against N. 
caninum were then evaluated. For this, the fractions were 
subjected to a two-fold serial dilution and added to wells 
containing replicating N. caninum merozoites. To assess 
the ability of each fraction to inhibit parasite proliferation, 
colonies containing N. caninum tachyzoites were counted 
and the numbers were compared to those of an untreated 
control. 
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Materials and Methods

Medicinal herbs　Anti-coccidial effects of 15 different herbal extracts were 
previously evaluated [33]. Extracts from S. flavescens and 
T. japonica were found to be more effective than extracts 
from other plants. Thus, extracts of these herbs were 
obtained with alcohol and anti-neosporal activity of the 
extracts was studied. Thirty g of dried S. flavescens root or 
T. japonica fruit were pulverized, and extracts were 
prepared using 200 mL of 80% (v/v) ethanol at room 
temperature during overnight. The extracts were 
lyophilized by the lyophilizer (Operon, Korea), 
redissolved in 10 mL of 80% (v/v) ethanol, and serially 
diluted from 1 : 2 to 1 : 128. Twenty μL aliquots of these 
solutions were added to 200 μL of RPMI 1640 medium 
(Difco, USA) in 96-well tissue culture plates (Corning, 
USA) according to the previous research [34]. 

HPLC fractionation 　For HPLC, S. flavescens and T. japonica ethanol extracts 
were diluted with methanol (9 : 1), and 100- or 200-μL 
aliquots were injected into an HPLC system consisting of 
an LC 250 pump (Perkin Elmer, USA), ISS 200 
auto-sampler (Perkin Elmer), LC 90 UV detector (Perkin 
Elmer) set at 220 nm, and a strip chart recorder (Perkin 
Elmer). A semipreparative Microsorb C-18 column (1.2 
cm × 30 cm; Rainin, USA) was used. The mobile phase 
consisted of an acetonitrile : water solution (3 : 1, v/v) 
pumped at a rate of 2 mL/min. Individual peaks or peak 
groups were recorded and same fractions were combined. 
Acetonitrile was removed by evaporation at low 
temperature (about 10oC) under a stream of nitrogen or air. 
Residual water in each fraction was removed by 
freeze-drying. The HPLC fractions were serially diluted 
from 1 : 2 to 1 : 128 and added to Dulbecco's modified 
Eagle’s medium (DMEM) (Difco) containing Vero cells 
(CRL6318; ATCC, USA) in which N. caninum tachyzoites 
(strain KBA-2; NVRQS, Korea) were growing. Both the 
undiluted stock extract and diluted samples were tested 
according to the previous research [35]. 

Cell culture　Vero cells were plated (5 × 104 cells/well) into 
flat-bottomed 96-well tissue culture plates with 180 μL 
DMEM containing 10% (v/v) fetal bovine serum (FBS) 
(Gibco BRL, USA), 100 U penicillin G/mL (Gibco BRL), 
and 100 ng streptomycin/ mL (Gibco BRL). The cells were 
allowed to adhere to the culture plate for 24∼48 h at 37oC in 
an atmosphere of 5% (v/v) CO2 and 95% air until a confluent 
cell monolayer was observed by inverted phase-contrast 
microscopy (Olympus, Japan). Next, the cultured Vero cells 
were inoculated with 10,000 N. caninum tachyzoites per well 
of culture plates. To assess the anti-protozoal effects of each 

HPLC fraction, the tachyzoites colonies were examined 2 
days post-inoculation with an inverted microscope. The 
tachyzoites colonies in three microscopic fields (100× 
magnification) were counted 2 days post-inoculation.

N. caninum tachyzoite collection and analysis 　N. caninum tachyzoites were harvested from the Vero 
cells by use of the plastic cell scraper (Guaangzhou Jet 
Bio-Filtration Products, China), washed in calcium- and 
magnesium-free Hanks' balanced salt solution (HBSS) 
(Gibco BRL), counted with a hemocytometer (Sigma- 
Aldrich, USA), and maintained in Minimum Essential 
Medium (MEM) (Gibco BRL) containing 10% (v/v) 
equine serum (Gibco BRL), 4 mM L-glutamine, MEM 
vitamin solution (Gibco BRL), MEM essential amino acid 
solution (Gibco BRL), MEM non-essential amino acid 
solution (Gibco BRL), antibiotic-antimycotic solution 
[100 U penicillin G/mL, 100 μL/mL streptomycin, and 
0.25 μg/mL amphotericin B (Gibco BRL)], and 7.5% (v/v) 
sodium bicarbonate. Cells were allowed to adhere to 
culture plates for 24∼48 h at 37oC in a humidified 
incubator (Forma Scientific, USA) containing 5% CO2 and 
95% air. When 75% of the cells were infected with 
tachyzoites, the cells were harvested using a plastic cell 
scraper (Guaangzhou Jet Bio-Filtration Products). The 
suspension was passed twice through a syringe (Green 
Cross Medical, Korea) equipped with a 23-gauge needle 
(Green Cross Medical) and then through a sterile filter with 
5-μM pores (Gibco BRL). Tachyzoites in the filtrate were 
washed in cold 0.01 M PBS, collected by centrifugation 
(500 × g for 5 min) at room temperature, and counted with 
a hemocytometer (Sigma-Aldrich). 

GC/MS analysis　GC/MS was performed using an Agilent 6890 gas 
chromatograph coupled to an Agilent 5973 mass 
spectrometer running Agilent ChemStation software 
(Agilent Technologies, USA). A capillary column (30 m × 
0.25 mm internal diameter; CM Scientific, USA) coated 
with a 0.25-μM film of 5% (v/v) phenyl methyl siloxane 
was used for separation. The column temperature was set at 
100°C and held for 5 min to permit injection, increased to 
145°C at a rate of 5°C/min, and held at this temperature for 
25 min. Next, the temperature was allowed to rise to 200oC 
at a rate of at 5oC/min, and finally to 280oC at a rate of 
20°C/min. Split injection (2-μL aliquots) was performed 
with a spilt ratio of 10 : 1. High-purity helium served as the 
carrier gas at a flow rate of 1.0 mL/min. The spectrometer 
was operated in the electron-impact (EI) mode with a scan 
range of 40∼550 amu, ionization energy of 70 eV, and 
scan time of 0.34 sec. The inlet and ionization source 
temperatures were 250oC and 280°C, respectively. We 
analyzed HPLC fractions of S. flavescens (Sf-1, -2, -3, and 
-4) and T. japonica (Tj-1, -2, -3, -4, and -5) extracts.



Anti-neosporal effects and GC/MS analysis of HPLC fractions of medicinal herbs    243

Table 1. Effect of different dilutions of HPLC fractions from Sophora (S.) flavescens and Torilis (T.) japonica on the 10,000 
tachyzoites/well of Neospora (N.) caninum  

Herb Number of the 
HPLC fraction Time

Anti-neosporal effects of different HPLC fraction dilutions (death rateexpressed as %)

1/10 1/20 1/40 1/80 1/160 1/320 1/640 1/1,280

S. flavescens

T. japonica

Control

1

2

3

4

1

2

3

4

5

80% Ethanol 

N. caninum

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT
CT

7
31

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

2
10
8

34

100
100
100
100
100
100
100
100
100
100
100
92

100
100
100
71

100
100

4
24
12
32

100
100
100
100
100
100
100
100
100
100
100
67

100
72

100
67

100
100

9
18
16
29

100
67

100
47

100
87
80

100
100
100
100

50
100

41
100

73
100

68
15
22
24
24

100
26
95

−21
84
74
84
79

100
100
93
54

100
57

100
54

100
61
19
28
17
26

87
37
77

−27
93
80
93
30

100
93
57
50

100
23

100
47

100
60
30
30
32
38

78
50
67
0

92
67
53
33

100
29
44
16
86
41

100
-6

100
38
36
34
25
34

CT: all host cells and parasites died due to cytotoxicity in the presence of 80% ethanol. Death rate (%): number of tachyzoites in each 
well/number of N. caninum tachyzoites in the control cultures.

Table 2. Anti-neosporal effects of the S. flavescens and T. japonica HPLC fractions on the 10,000 tachyzoites/well of Neospora (N.) 
caninum 

Herbs Number of the
HPLC fraction

Anti-neosporal effect of the two-fold dilutions (death rate expressed as %)

1/10 1/20 1/40 1/80 1/160 1/320 1/640 1/1,280 1/2,560 1/5,120 1/10,240 1/20,480

S. flavescens

Control

T. japonica

Control

1
2
3
4
80% Ethanol 
N. caninum
1
2
3
4
5-1
5-2
80% Ethanol
N. caninum

CT
CT
CT
CT
CT
52
CT
CT
CT
CT
CT
CT
CT
52

CT
CT
CT
CT
CT
54
CT
CT
CT
CT
CT
CT
CT
56

100
100

67
67

6
50

100
100
100
100
100

57
7

57

100
67
44
33
9

58
100
100
90

100
90
30
10
49

86
43
43
14
14
53
53
73
67
87
47
13
15
53

88
54
46
29
24
56
54
65
54
62
54
38
26
50

84
56
41
22
32
47
42
55
52
58
39
16
31
49

79
26
42
16
38
58
44
36
44
31
28
35
39
54

76
29
43
10
42
46
48
30
26
15
20
28
46
51

60
24
31

−5
42
52
44
35
33
12
17
35
52
52

50
9

27
−4
44
48
31

4
24

−6
4

22
49
58

44
4

27
10
48
49
26
11
21

−2
2

19
53
54

CT: all host cells and parasites died due to cytotoxicity in the presence of 80% ethanol. Death rate (%): number of tachyzoites in each 
well/number of N. caninum tachyzoitesin the control culture.
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Fig. 1. HPLC fraction G1-4-1 (Sf-1) was identified as sophoridane.

Fig. 2. HPLC fraction G3-1 (Sf-3) was identified as furosardonin A.

Results

In vitro anti-neosporal effects of HPLC fractions 
from S. flavescens and T. japonica extracts on N. 
caninum 　 Using HPLC, five major T. japonica fractions were 

recovered. Four major S. flavescens fractions were also 
collected. To calculate the concentration of the fractions 
required to inhibit N. caninum growth, 2.85 ng dry 
weigh/well of the fractions were tested along with serial 
dilutions of each fraction. The nine fractions collected by 
HPLC were serially diluted from 1 : 10 to 1 : 128 in parasite 
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Fig. 3. HPLC fraction G3-5 (Sf-4) was identified as tetraisopropylidene-cyclobutane.

Fig. 4. HPLC fraction G3-6-1 (Tj-1) was identified as 5,17-β-dihydroxy-de-A-estra-5,7,9,14-tetraene.

culture medium. Four fractions (SF-1, -2. -3, and -4) of the 
S. flavescens extract and four fractions (TJ-1, -2, -4 and -5) 
of the T. japonica extract more efficiently inhibited N. 
caninum proliferation than the other fractions and control 
in the Vero cells (Table 1). 　Further testing showed that two fractions (SF-1 and -2) of 

S. flavescens extract and three fractions (TJ-1, -2, and -3) of 
T. japonica extract more efficiently inhibited N. caninum 
proliferation than the other fractions and control (Table 2). 
It was clear that fractions SF-1 and -2 along with fractions 
TJ-2 and -4 inhibited N. caninum proliferation more 
effectively that all of the other fractions. As shown the 
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Fig. 5. HPLC fraction G4-6 (Tj-2) was identified as furanodiene.

Fig. 6. HPLC fraction G5-2 (Tj-3) was identified as 9,12-octadecadienoic acid (Z,Z)-(CAS,1).

Tables 1 and 2, all of the host cells incubated with a high 
concentration (2∼8% v/v) of ethanol died. 

GC/MS findings　Four S. flavescens fractions and five T. japonica fractions 

were isolated and analyzed with GC/MS (Figs. 1-6). The T. 
japonica and S. flavescens extracts contained sophoridane 
(Sf-1 and Sf-2), furosardonin A (Sf-3), tetraisopropylidene- 
cyclobutane (Sf-4), 5,17-β-dihydroxy-de-A-estra-5;7,9,14- 
tetraene (Tj-1), furanodiene (Tj-2), 9,12-octadecadienoic 
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acid (Z,Z)-(CAS,1) (Tj-3), and materials in two unknown 
fractions.

Discussion

　A lack of chemical standards is a problem for the quality 
control of Chinese medicine. GC/MS permits identification 
of chemical compounds in the absence of standards. The 
concentrations of identified components can also be 
estimated using an analog as a standard; this is a useful 
approach for improving quality control [30].　N-methylcysteine and alkaloids from S. flavescens affect the 
motility of parasitic helminths, and exert effects on isolated 
frog rectus and mouse ileum [29]. A neuropharmacological 
mechanism is active both in parasitic helminths and host 
tissues [29]. Some components of S. flavescens, especially
16 flavanones, three flavanols, and four pterocarpans, have 
been found to exert antibacterial effects against 
Staphylococcus aureus, Bacillus subtilis, Staphylococcus 
epidermis, and Propionibacterium acne [18]. These 
compounds also possess anti-androgenic activities [18]. 
Torilin, a sesquiterpene from T. japonica, promotes the 
cytotoxic effects of adriamycin, vinblastine, taxol, and 
colchicines against multidrug-resistant cancer cells 
(KB-V1 and MCF7/ADR lines) [16]. This compound has 
been reported to strongly suppress tumorigenesis by 
preventing tumor invasion, and inhibits angiogenesis by 
decreasing tube formation by vascular endothelial cells 
and reducing the expression of angiogenic factors by tumor 
cells [16]. Furanodiene is an essential oil isolated from 
Eugenia unifera L. (commonly called the ‘pitanga cherry’) 
which is widely distributed in tropical and subtropical 
regions. The cherry-like fruit is edible and the leaves are 
used in folk medicine to lower blood glucose levels [22]. 
Furanodiene strongly inhibits the growth of Bacillus 
cereus [24]. Furosardonin A can be isolated from Russia 
sardonia, a common red mushroom. This compound is 
concentrated in milky juice produced by the mushroom, 
and confers protection from snails, insects, or other 
predators [2].　8-lavandulyl flavonoids, kushenol I, sophoraflavanone G, 
kurarinone, and kuraridine were previously isolated from S. 
flavescens root, and were potentiated γ-aminobutyric acid 
(GABA) [25, 26, 31]. Oxymatrine, sophoranol, sophoridine, 
and matrine were also recovered from S. flavescens [32]. 
Torilin, their structures were established as 11-acetoxy- 
8-isobutyryl-4-guaien-3-one, 11-acetoxy-8- methacrylyl-4- 
guaien-3-one, and 11-acetoxy-8-propionyl-4-guaien-3-one 
were isolated and identified from T. japonica [4,19]. In 
another study, 4(15)-eudesmene-1β,5α-diol and 4α,15- 
epoxyeudesmane-1β,6α-diol were isolated from T. japonica 
[17]. Adriamycin, vinblastine, taxol, and colchicine also 
were extracted from T. japonica [15] along with α- 
humulene (2.4∼13.2%), bicyclogermacrene (1.9∼5.4%), 

β-caryophyllene (1.5∼4.6%), and δ-cadinene (1.0∼1.9%) 
[9]. In the present study, the T. japonica and S. flavescens 
extracts were found to contain sophoridane (Sf-1 and Sf-2), 
furosardonin A (Sf-3), tetraisopropylidene- cyclobutane 
(Sf-4), 5,17-β-dihydroxy-de-A-estra-5;7,9,14-tetraene (Tj-1), 
furanodiene (Tj-2), and 9,12- octadecadienoicacid (Z, Z) 
(CAS,1; Tj-3).　Previously, HPLC fractions of medicinal herb extracts of 
S. flavescens and T. japonica were found to possess 
anti-neosporal activities [33-35]. We subsequently 
received a certificate of patent for HPLC fractions of 
medicinal herb extracts of S. flavescens and T. japonica as 
anti-neosporal materials from commissioner of the Korean 
Intellectual Property Office on August 6th, 2009. 
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