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The purpose of this research was to investigate the effect of crude extracts from the root of Stemona
tuberosa Lour. on the replication of Autographa californica multiple nucleopolyhedrovirus (AcMNPV).
Cytotoxicity of crude hexane, dichloromethane and ethanol extracts from the root of S. tuberosa was
tested against Spodoptera frugiperda cell line (Sf9) using MTT assay. The cytotoxic effect, represented
as CCxo (ug/ml) was observed after 48 and 96 h. It was shown that dichloromethane extract was more
toxic than hexane and ethanol extracts and 96-h CCs, for the dichloromethane extract was 1,708.98
pg/ml. Crude dichloromethane extract at the concentration of 31.25 ug/ml was then tested on AcMNPV.
The extract was added after 1 h post-infection of ACMNPV at the multiplicity of infection (MOI) of 2, in
Sf9 cell line cultivated in vitro. No significant difference between the percentage of infected cells in the
control and the test sample with crude dichloromethane extract was found. The average number of
polyhedra (OBs/ml) in the control (5.11><10610.63 OBs/ml) was not significantly different from the test
sample (4.1QX10610.31 OBs/ml). However, there was significant difference between the average virus
titer (budded virus, BV) in the control (2.06><10810.71 PFU/mI) and the test samples (2.65><10810.79
PFU/mI). Crude dichloromethane extract (31.25 pg/ml) did not toxic to Sf9 cells but it could enhance
ACMNPV replication in Sf9 cell line cultivated in vitro. It could be concluded that S. tuberosa can be a
good candidate for developing the insect virus production in vitro for controlling insect pests.

Key words: AcMNPV, crude extract, cytotoxicity test, by 3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay.
INTRODUCTION

In Thailand, Stemona species are known as Non Tai Yak. insecticides such as scabicide and pediculocide (Greger,
Stemona spp. can be used as insect repellent and 2006; Chanmahasathien et al., 2011). The total alkaloid
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profiles could be grouped into four types represented as
the major component by stenine-type Stemona alkaloids
such as tuberostemonine and neotuberostemonine or by
non-stenine types such as croomine and stemoninine.
The biological activities of Stemona alkaloids were
insecticidal and larvicidal activities (Brem et al., 2002;
Kaltenegger et al., 2003; Xu et al., 2006).

For the replication of baculovirus in insect cell culture,
there are three phases in the infection cycle: early
(reprogramming the cell for virus replication), late
(producing BV) and very late (producing ODV) (O'Rielly
et al., 1992). The transition from the early phase to the
late phase of infection is dependent upon viral DNA
replication and occurs between 6 and 12 h after the
initiation. During the late phase of infection, newly
replicated viral DNA is condensed and packaged within
the nucleus, in association with the virogenic stroma, into
capsid structures to form nucleocapsids. From about 12
to 20 h, these nucleocapsids leave the nucleus, travel
through the cytoplasm, and bud through a modified
plasma membrane to acquire a loosely fitting envelope
important for BV infectivity. Beginning at about 20 h,
there is a transition from the late phase to very late phase
of infection, nucleocapsids remain within the nucleus,
become bundled together, and are enveloped by a
membrane elaborated within the nucleus (Olszewski and
Miller, 1997). The BVs enter insect cells by endocytosis
that include: (1) virion binding to a host cell receptor, (2)
invagination of the host plasma membrane, (3) formation
of endocytic vesicle containing the enveloped virion, (4)
acidification of the endosome, (5) activation of the viral
envelope fusion protein, (6) fusion of the viral and
endosomal membranes, and (7) release of the viral
nucleocapsid into the cytoplasm (Blissard, 1996). The
Autographa californica multiple nucleopolyhedrovirus
(ACMNPV), which is the type species and the most widely
studied of the Baculoviridae (Wu et al., 2006). It has a
wide host range, replicates well in the commonly used
insect cell culture systems (Spodoptera frugiperda) and
there is a wide range of commercially available transfer
vectors (Hitchman et al., 2009). The size of AcCMNPV is
25x250 nm, and contains approximately 128 kbp double-
stranded DNA (Arif, 1986). The replication of ACMNPV
occurs in the nuclei of infected cells and takes place in
two phases. In the first phase, nucleocapsids are formed
in the nucleus. These nucleocapsids reach the cytoplasm
by passing through nuclei pores. The nucleocapsids gain
envelope during the budding through the plasma
membrane, and the particles released from the cell
(Fraser, 1986). In the second phase, after nuclocapsids
acquire envelope (apparently de novo) within the
nucleus, viral occlusion bodies of NPV are known as
polyhedral inclusion bodies (PIBs), and there are infective
particles among insect in nature (Bilimoria et al., 1992).

The extract of Stemona tuberosa roots was found to
have antibacterial, antifungal and insecticidal activities.
Thus, the objective of this study was to evaluate the

cytotoxicity of crude hexane, dichloromethane and
ethanol extracts of S. tuberosa roots against insect cell
line (Sf9) using MTT assay. The crude extract that
showed the highest cytoxicity to Sf9 cells was to
investigate the efficiency of the extract on the replication
of insect virus (AcMNPV) using the endpoint dilution
assay.

MATERIALS AND METHODS
Preparation of S. tuberosa extracts

Fresh S. tuberosa roots were purchased from Chatuchak market in
Bangkok, Thailand. Fresh roots were dried at 45°C until they were
quite dried and were ground to powder using a milling machine.
The powdered plant material (30 g) was macerated for 7 days
sequentially with 450 ml of the following solvents: hexane,
dichloromethane and ethanol. The hexane, dichloromethane and
ethanol extracts were carefully filtered through Whatman® No. 1
filter paper and were evaporated to dryness under reduced
pressure using rotary evaporator to give 0.155, 0.256 and 0.596 g,
respectively.

Cell line and virus

The S. frugiperda cell line (Sf9) was used as the host cell for virus
infection. Cells were cultivated in TNM-FH medium supplemented
with 5% fetal bovine serum (FBS), 100 units/ml penicillin G, 100
ug/ml streptomycin in 25 cm? culture flasks at 28°C (Petcharawan
et al., 2009; Petcharawan et al., 2012). The AcMNPV stock was
prepared by inoculating in Sf9 cells and incubated at 28°C. The
virus suspension was removed seven days post infection and the
virus titer of stock was determined as TCIDso/ml (tissue culture
infectious dose per ml) and converted to pfu/ml (plaque forming unit
per ml) (Reed and Muench, 1992), virus stock was stored at -20°C
until needed.

Cytotoxicity assay

The extracts of S. tuberosa root were tested for in vitro cytotoxicity,
using Sf9 cell line by 3-(4, 5- dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay (Mosmann, 1983). Each
crude extract was separately dissolved in 1 ml of dimethyl sulfoxide
(DMSO) and volume was made up to 10 ml with maintained
medium to obtained a stock solution of 5 mg/ml concentration,
sterilized by filtration to make stock solution, then diluted to various
concentrations (2,000, 1,000, 500, 250, 125, 62.5, and 31.25 pg/ml)
in TNM-FH medium. The cells were seeded in a 96-well plate with
2x10* cells/well and incubated at 28°C for 24 h. After 24 h of
seeding, the culture medium was replaced with fresh medium
containing the different concentrations of the extracts. Each
concentration was applied in 4 wells and within 3 independent
experiments. Control cells were incubated without the extracts.
After incubation at 28°C for 48 and 96 h, the MTT (10 pl of 5 mg/ml
in PBS) was added in each well and the cells were incubated at
28°C for 4 h. Thereafter, the medium with MTT was removed from
the wells and formazan crystal formed was dissolved by adding 150
pl/well a mixture of 10% SDS:DMSO (1:9). The plates were then
shaked for 5 min and the absorbance of the solution in each well
was measured at 570 nm on a microtiter plate reader (Siddiqui et
al., 2010).

The percentage of cytotoxicity was calculated as {(A-B)/A}x100,
where A and B are the absorbance of the control cells and treated



cells, respectively. All absorbance values were corrected against
blank wells which contained only growth medium. For the
evaluation of the concentration that induced 50% cytotoxicity
relative to controls (CCso values) was calculated in each assay
using GraphPad Prism software program (Chiba et al., 1998;
Krzyminska et al., 2010; Duman, 2012; Petcharawan et al., 2012).

Effect of crude extracts on the replication of ACMNPV

The effect of S. tuberosa crude extract on the replication of
AcMNPV was conducted using cell monolayers in 35-mm tissue
culture dishes. Exponential phase Sf9 cells in TNM-FH medium
were seeded into a 35-mm tissue culture dish at a density of 4x10°
cells/dish and incubated at 28°C overnight. The medium in each
dish was aspirated and carefully replaced with 1 ml of AcCMNPV at a
multiplicity of infection (MOI) of 2. After inoculation of virus, the
dishes were placed on a rocker platform and rocked for 1 h. The
inoculum was removed and washed with PBS, then fresh medium
was added to each dish. At this time, it was considered as 0 h post
infection (p.i.). The dishes were incubated at 28°C for 4 days. At the
end of the incubation period, the cells were scraped and counted,
and then centrifuged at 3,500 rpm for 15 min to separate the
supernatant and the pellet. The supernatant that contained budded
virion was kept at -20°C until needed. The pellets were
resuspended with 0.1% sodium dodecyl sulfate (SDS) and
incubated at room temperature overnight, then suspended cells
were centrifuged and the SDS was discarded. The pellets were
resuspended in 2 ml of sterile distilled water and counted the
number of polyhedra that liberated from the infected cells in the
control and the test samples. Each panel included toxicity control
(cells incubated with the extract), uninfected cell control (cells
incubated with medium) and infected cell control (cells incubated
with virus) and the corrected % mortality was calculated using
Abbot’s formula, corrected % mortality = 100x{(T% - C%)/(100% -
C%)}, where T% = the percentage of dead test cells and C% = the
percentage of dead control cells (Abbot, 1925; Undeen and Vavra,
1997).

Finally, the virus concentration was determined as TCIDso/ml and
converted to pfu/ml (Reed and Muench, 1992). The percentage of
infected cells, the number of occlusion bodies (OBs)/ml in the
control and the test samples were determined. The percent of
reduction in the pfu/ml produced by virus in the presence of extracts
was calculated as % reduction = 100 - [(pfu at given extract
dose/pfu in control) x 100] (S6kmen, 2001).

Statistical analysis

The program GraphPad Prism 5.0 was used for the calculation of
cytotoxicity curves and CCso (Motulsky, 2007). All the data were
statistically evaluated with SPSS statistics 17.0 software.
Hypothesis testing methods include one way analysis of variance
(ANOVA) followed by Duncan’s new multiple range test, a post hoc
or multiple comparison test. A value of p<0.05 was regarded as
statistically significant differences (Custédio et al., 2011).

RESULTS

The effect of crude hexane, dichloromethane and ethanol
extracts from S. tuberosa against Sf9 cell line was
evaluated using MTT assay. Results of the cytotoxicity
evaluation of these extracts against Sf9 cell line are
shown in Table 1. The dichloromethane extract was more
toxic than the others. The values of CCs, of these

Petcharawan et al. 759

extracts against Sf9 cell line after 48 and 96 h of
exposures are shown in Table 2. Based on 96 h
exposure results obtained from hexane, dichloromethane
and ethanol extracts from S. tuberosa against Sf9 cell
line, the CCsq values were >2,000, 1,708.98, and >2,000
pg/ml, respectively. Among the crude extracts tested, the
dichloromethane extract gave the highest toxic to Sf9
cells. However, the cytotoxicity of these extracts can be
categorized using the classification of the cytotoxicity of
natural ingredients reported by Gad Shayne (1999) and
Shirazi et al. (2004), we can conclude that these extracts
had partially nontoxic to Sf9 cell line, because of the CCs,
were more than 1,000 pg/ml (Table 2).

The results (Table 3 and Figure 1) showed that there
was no significant difference (p>0.05) between the
percentage of infected cells in the control sample
(95.54%+3.18) and in the test sample with crude
dichloromethane extract (98.51%z+1.34). However, there
was significant difference (p<0.05) between the average
virus titer in the control (2.06><10810.71 PFU/ml) and the
test (2.65><10810.79 PFU/ml) samples. The average
number of polyhedra (OBs/ml) in the control
(5.11Xl0610.63 OBs/ml) was not significantly different
(p>0.05) from the average number of polyhedra in the
test sample (4.19x10°+0.31 OBs/ml). However, there was
significant difference (p<0.05) between the percent
reduction of virus titer in the control (0%=0) and in the
test samples (-27.45%+4.36). These results showed that
the crude dichloromethane extract of S. tuberosa at the
concentration of 31.25 pg/ml was no toxic effect to Sf9
cells and could not inhibit AcCMNPV infection cultivated in
vitro but it could enhance the virus titer (budded virus,
BV) of ACMNPV in Sf9 cells.

DISCUSSION

According to the results of this study, the crude
dichloromethane extract of S. tuberosa root was more
toxic to Sf9 cells than crude hexane and ethanol extracts,
with the CCsq values of 1708.98, 2,000 and 2,000 pg/ml,
respectively. The result corresponded with the report of
Phattharaphan et al. (2010), the highest insecticidal
activity to the third instar larvae of Plutella xylostella was
observed from dichloromethane extract of Stemona
collinsae root with the LCs, of 0.71% and the major active
compound responsible for the insecticidal activity was
hydroxystemofoline (alkaloid). Brem et al. (2002) reported
that tuberostemonine was dominating alkaloid in the roots
of S. tuberosa Lour., showing repellency but not toxic
effect to neonate larvae of Spodoptera litoralis. Lee et al.
(2006) reported that three new bibenzyl glycosides were
isolated from S. tuberose significantly protected human
neuroblastoma SH-SY5Y cells from 6-hydroxy dopamine
induce neurotoxicity.

In order to determine the antiviral effect of crude
dichloromethane extract of S. tuberosa root, the
experiment was performed with the concentration of



760 J. Med. Plants Res.

Table 1. Comparison of the cytotoxic effect of crude hexane, dichloromethane and ethanol extracts on Sf9 cell line after 48

and 96 h of exposures.

Solvents

Concentration (ug/ml)

Mean percent cytotoxicityxSD*

48 h 96 h
2000 19.86 + 1.35™ 41.05+1.17°
1000 18.03 + 1.29% 31.08 +0.93°
500 11.65 + 0.91™ 19.88 +2.17°¢
250 10.12£0.51%" 17.19£2.12""
Hexane 125 9.49 + 0.309“ 14.08 + 3.2ogﬁ
62.5 5.67 +0.61" 12.50 +1.88"
31.25 3.13+1.38¢ 115+ 0.13_'.k
1% DMSO 1.54 + 0.49"™ 1.32 +0.39%
0 (Control) 0+0Q" 0+0*
2000 42.68 +1.61% 52.80 + 2.132
1000 35.03 + 4.55" 39.43 + 4.24°
500 21.29 + 0.60° 29.82+ 5.28%
250 16.12 + 0.36° 25.20 + 6.85°%
Dichloromethane 125 11.69 + 0.44" 20.74 + 8.60°
62.5 7.68 +0.18" 17.23 + 10.11_fgh
31.25 2.25+0.73" 7.67+0.77
0.4% DMSO 1.35 + 0.02'™ 1.22 +0.10%
0 (Control) 0+0" 0+0"
2000 20.15 + 2.14% 41.04 + 2.59°
1000 16.23 + 4.30° 30.84 + 3.24°
500 13.43 + 2.68f_ 24.17 +1.33%
250 8.97 + 0.309_'_“' 21.96 + 1.14°
Ethanol 125 6.81+0.83" 16.41 + 1.21f9h
62.5 5.82 + 0.89 7.25+0.31"
31.25 1.99 + 1.40™ 0.47 + 0.44
0.2% DMSO 0.81+0.56™ 0.48 + 0.45
0 (Control) 0+0" 0+0"

*Means within the column followed the same letter is not significant difference (p<0.05, Duncan’s new multiple range test).

Table 2. The values of CCso of crude extracts from S. tuberosa root
against Sf9 cell line after 48 and 96 h of exposures.

Solvents The incubation time (h) Mean CCso (ng/ml)
Hexane 48 >2000
96 >2000
Dichloromethane 48 >2000
96 1,708.98
Ethanol 48 >2000
™ 96 >2000

31.25 pg/ml because of this concentration did not have
any effect on the growth of Sf9 cells. When the extract

was added 1 h after infection with ACMNPV, the virus titer
was increased and the polyhedra or occlusion bodies
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Figure 1. Phase-contrast micrographs of Sficells cultivated in TNM-FH medium (a), Sf9 cells after 96
exposure in dichloromethane extract (b), Sf9 cells after 96 h post infection with AcCMNPV in culture
medium (c), Sf9 cells after 96 h post infection with ACMNPV in 31.25 pg/ml of extract (d).

Table 3. Effect of crude dichloromethane extracts from S. tuberosa roots (31.25 pg/ml) on the replication of ACMNPV.

. . - *Mean no. of *Mean virus titer *Corrected % reduction
0,
Treatments Mean % infectivity OBs/ml (x10°) (PFU/mI) + SD (x10%) of budded virus
Cells+AcMNPV 95.54+3.18% 5.11+0.63% 2.06+0.71° 0+0°
Cells+AcMNPV+extract 98.51+1.34% 4.19+0.31% 2.65+0.79" -27.45+4.36"

*Different letters indicate statistically significant differences between rows in the same column, p<0.05.

(OBs) could be produced in the nucleus of Sf9 cells
(Table 3). The results indicated that this extract could not
inhibit the viral synthesis, the viral structural and the viral
occlusion protein phases. Further studies are necessary
to investigate the mechanism of crude dichloromethane
extract of S. tuberosa, such as the enhancement activity
of AcCMNPV, purification and active compounds. These
results corresponded with the report of Erturk et al.
(2000), the effect of Nerium oleander L., Prunus
laurocerasus L., Punica granatum L., Olea europaea L.
and Daphne glomerata Lam. extracts could increase the
concentration of progeny virus of ACMNPV.

This study showed that S. tuberosa can be a good
candidate for developing the insect virus production in

vitro for controlling insect pests.
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