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W hen adult males of the smaller brown planthopper, 
Laodelphax striatellus were fed on 2% crude rice (leaf 
and stem ) extract containing 15% sucrose there were 
characteristic stylet sheaths deposited on parafilm  m em 
brane. F urther bioassays with the butanol-soluble fr. of 
the extract revealed tha t it is highly effective for the in
sects. W hen the butanol fr. was charged on an ODS open 
column and eluted in sequence with 20, 40 and 100% 
m ethanol in water, the ODS-40% m ethanol fr. was 
shown as the most effective one. Further separation of 
the O DS-40%  m ethanol fr. resulted in six effective com 
ponents. These com ponents acted to stim ulate very high 
probing response on L. striatellus only when they are 
com bined. This activity was found to be similar to those 
of the O DS-40%  m ethanol fr. and the original crude rice 
plant extract. Two of the active com ponents were iden
tified as tricin 5-O-glucoside and tricin 7-O-glucoside, 
respectively, through spectroscopic analyses.

Introduction

The smaller brown planthopper, Laodelphax 
striatellus, the white-back planthopper, Sogatella 
furcifera as well as the brown planthopper, Nila- 
parvata lugens are the most notorious rice pests in 
the East Asian countries including Japan and 
South Korea. They do not only cause direct dam
age, by removing plant sap, but are also vectors of 
the serious rice pathogens. In particular, L. striatel
lus is important as the vector for the rice black-

Abbreviations: ODS, octa-decanoyl-silicon; HPLC, high 
perform ance liquid chrom atography; ANOVA, analysis 
of variance; DMRT, D uncann’s multiple range Test; LC- 
MS, liquid chrom atographic mass spectrom etry; UV, 
ultra violet radiation; Rt., retention time.

streak dwarf and rice stripe (Michael and 
Michael, 1991).

The insecticidal control of these planthoppers is 
becoming extremely difficult due to the rapid de
velopment of resistant breaking populations even 
after the introduction of the high yielding resistant 
rice varieties to control them (Maxwell, 1977; 
Grayer et al., 1994). For this reason, the develop
ment of a new pest control method based on the 
chemistry of the characteristic behaviors or habits 
of these planthoppers is desired. The probing ac
tivity which is one of such behaviors is well known 
to be performed prior to the sucking behavior of 
the planthoppers during their feeding. Therefore, 
manipulating the probing behavior, it may have 
the possibility of the development of a new pest 
control method. Meanwhile, the probing behavior 
of the planthoppers is known to be stimulated by 
certain specific secondary plant chemicals in the 
host plant (Sogawa, 1982).

In this connection, already the probing stimu
lants in the rice plant for N. lugens have been iso
lated and identified as eight flavonoid C-glyco- 
sides (Kim et al., 1985; Besson et al., 1985) and 
those for S. furcifera were reported as two com
pounds including a flavonoid O-glucoside (Adjei- 
Afriyie et al., 2000). However, the probing stimu
lants for L. striatellus are not isolated and iden
tified yet. This paper, therefore, reports on the iso
lation and identification of six components from 
rice plant acting together as probing stimulants 
towards L. striatellus. Two of the six components 
have been identified through spectroscopic analy
ses as tricin 5-O-glucoside and tricin 7-O-gluco- 
side.

Materials and Methods

The LC-MS data were recorded with a VG 
Quattro, flow injection method with solvent sys
tem: acetonitrile : water = 50 : 50 v/v; flow rate 
10 (il/min with ESI-negative and ESI-positive 
modes. The NMR data were obtained through a 
JEO L JNM-LA400 spectrometer, PMR (400 
MHz) and 13C NMR (100 MHz). TMS and TMSP 
(3-(trimethylsilyl)propionic-2, 2, 3, 3-d4 acid so
dium salt) were used as the internal standards. The 
letters s, d and m represent singlet, doublet and
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multiplet, respectively, and coupling constants (/) 
are given in Hz.

Insect

Stock colonies of L. striatellus were reared suc
cessively on rice seedlings at 25-28 °C, relative 
humidity of 60-70%  with a 16 : 8  (L : D) illumina
tion.

Extraction procedure for the rice plant

A quantity of 2.5 kg of fresh stems and leaves 
obtained from Toyonishiki rice variety which had 
been cultivated for 14 weeks without the applica
tion of pesticides were cut into pieces ( 1 0  cm long) 
and extracted three times with 90% M eOH in 
water for about 3 days under darkness. The extract 
was concentrated under vacuo and the residue ob
tained was further defatted three times with hex
ane to obtain an aqueous layer (89.8 g) which was 
topped up to 4490 ml to obtain a 2% equivalent 
concentration of the “crude rice plant extract”.

Bioassay for probing responses

Since it is difficult to distinguish oviposition 
marks from probing sheaths, adult males instead 
of females of L. striatellus (Mitsuhashi and Koy- 
ama, 1975) were starved for 2 hr and used in bioas
says. The insects which were introduced into the

assay apparatus were given various test solutions 
with 15% sucrose or only 15% sucrose solution as 
a control through a parafilm membrane. In this 
way, the concentration of each test solution was 
kept at the same concentration as original 2 % 
crude rice plant extract. The pH value of each test 
solution was adjusted to neutral by adding either 
an HC1 or KOH solution (Auclair, 1965; Sakai and 
Sogawa, 1976). All treatments were replicated ten 
times. After 24 hr, probing sheaths deposited on 
the parafilm were observed under a microscope 
after being stained with a red fuchsin basic solu
tion. The probing sheaths were classified accord
ing to their branching as non-branched, two- 
branched, three-branched, and more than four- 
branched, respectively, and assigned coefficients of
1, 2, 3 and 4. The intensity of probing activity was 
obtained as the total number of points (Kim et al., 
1985). Frequency data were subjected to square 
root transformation before analysis (Sogawa, 
1974). All data were analysed by a one-way AN 
OVA and means were compared by using DMRT.

Isolation o f  the two tricin glycosides and the other 
unidentified active components

The “crude rice plant extract“ (89.8 g) was dis
solved in distilled water ( 2  /) and then extracted 
with a water-saturated butanol (1.5 1 x 3). The bu-

0 5 10 15 20 25 30 35 40 45 50
min.

Fig. 1. H PLC profile of the O DS-40%  m ethanol extract showing the main fractions A. B and all the six com ponents 
1 - 6  in fraction B. O btained by a Cosmosil 5 Ph column (120 mm x 10 mm i. d.) eluted with 20% acetonitrile in 
w ater and 1 % acetic acid at a flow rate of 2 ml/min and m onitored at UV 254 nm.
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tanol extract (7.6 g) was chromatographed on an 
ODS open column (205 mm x 25 mm i.d., 50 g of 
Chromatorex DM1020T, 100-200 mesh; Fuji Si- 
lysia Chemical) with water and 20%, 40% and 
100% MeOH to obtain 3.35 g, 2.95 g, and 1.31 g, 
respectively. The ODS-40% MeOH eluate was 
separated into two fractions, Fraction A (Rt = 0 -
18.0 min) and Fraction B (Rt = 18.0-50.0 min) by 
reversed phase HPLC (Cosmosil 5 Ph column, 
250 mm x 10 mm i.d.), eluting with 20% acetoni- 
trile in water and 1 % acetic acid at a flow rate of
2 ml/min and detecting at UV 254 nm. Fraction B 
was then further separated into components 1 - 6 
{1 (Rt = 19.8 min), 2 (Rt = 20.8 min), 3 (Rt
30.1 min), 4 (Rt = 32.1 min), 5 (Rt = 34.9 min) and 
6  (Rt = 46.5 min)}, respectively, as shown in Fig. 1.

Of these six components, compounds 3 
(73.3 mg) and 6  (83.7 mg) were obtained through 
preparative HPLC from the peaks 3 and 6 , respec
tively. Through their respective standard curves 
the actual amounts of compounds 3 and 6  in the 
2% equivalent concentration were obtained as 84 
and 64 ppm, respectively.

Compound 3: LC-MS m/z (rel. intens.): 493 (9) 
M +, 491(31) M -; PMR 400MHz DMSO-d6: 6  7.30 
(C-2', 6 ', 2H, s), 6  6.85 (C-3, 1H. s), b 6.83 (C-6 , 
2H, s), 6  4.75 (C-l", 1H, d, J =7.08Hz), 6  3.90 (C-3', 
5 '-0-M e, 6 H, s), 6  3.79 (C-6 "a, 1H, d, J =11.5Hz),

b 3.59 (C-6 "b, 1H, dd, J =11.2Hz, 5.1Hz), b 3.31 
(C-2", 3", 4", 5", 4H, m).

13C NMR 100MHz DMSO-d6: 6177.0 (C-4), 
6162.8 (C-2), 6161.0 (C-7), 6158.3 (C-5), 6158.5 
(C-9), 6148.1 (C-3', 5'), 6139.4 (C-4'), 6120.4(C- 
1'), 6108.1 (C-10), 6104.4 (C-2', 6 '), 6106.3 (C-3), 
6104.3 (C-6 ), 698.5 (C-8 ), 6104.0 (C-l"), 677.5 (C- 
5"), 675.6 (C-3"), 673.6 (C-2"), 669.6 (C-4"), 660.8 
(C-6 "), 656.3 (C-3', 5'- O-Me).

Compound 6 : LC-MS m/z (rel. intens.): 493 (17) 
M+, 491 (51) M -; PMR 400MHz DMSO-d6: 6  7.33 
(C-2', 6 ', 2H, s), 6  6.89 (C-3, 1H, s), 6  6.94 (C-8 , 
1H, s), 6  6.46 (C-6 , 1H, s), 6  5.04 (C-l", 1H, d, /  = 
7.08Hz), 6  3.89 (C-3', 5'- O-Me, 6 H, s), 6  3.76 (C- 
6 "a 1H, d, J =10.8Hz), 6  3.44-3.55 (C-6 "b, 2H, m),
6  3.19-3.38 (C-2", 3", 4", 5", 4H, m).

13C NMR 100MHz DMSO-d6: 6182.3 (C-4), 6

164.4 (C-2), 6163.3 (C-7), 6161.4 (C-5), 6157.5 (C-
9), 6148.6 (C-3', 5'), 6140.5 (C-4'), 6120.6 (C -l'),
6105.4 (C-10), 6104.1 (C-2', 6 '), 6105.7 (C-3),
699.7 (C-6 ), 695.5 (C-8 ), 6100.1 (C-l"), 677.5 (C-

5"), 676.6 (C-3"), 673.5 (C-2"), 670.1 (C-4"), 660.9 
(C-6 "), 656.7 (-3', 5'- O-Me).

Hydrolysis o f  compounds 3 and 6

Each compound (5.6 mg) was dissolved in 5 ml 
of 2 N  HC1 and then heated at 80 °C for 2.5 hr. 
The solution was passed through a Sep-pak C 18 

ODS cartridge (Waters), eluting with 10 ml of 
water and then with 1 0  ml of methanol to obtain 
equimolar quantities of D-glucose ([a] d 25 +50°, c 
0.1, H20 )  and tricin, respectively.

Tricin: 400MHz DMSO-d6: 67.35 (C-2', 6 ', 2H, 
s), 66.93(C-3, 1H, s), 66.54 (C-8 , 1H, s), 66.20 (C-
6 , 1H, s), 63.89 (C 3\ 5 '-0-M e, 6 H, s).

13C NMR 100MHz DMSO-d6: 6181.7 (C-4),
6164.0 (C-2), 6163.6 (C-7), 6161.4 (C-5), 6157.3 
(C-9), 6148.3 (C-3', 5'), 6140.0 (C-4'), 6120.5 (C- 
1'), 6103.7 (C-10), 6104.7 (C-2', 6 '), 6103.6 (C-3),
6  98.8 (C-6 ), 6  94.1 (C-8 ), 6  56.4 (C-3', 5 '-0-M e).

D-Glucose; [ a ] D 25 +50°, (c 0.1, H 20 ). PMR 
400MHz D 20 : 63.04-3.74 (m, ß -2 -6  and a-2 -6 ), 
64.48 (d, J = 8.0Hz, ß-1), 65.07 (d, J = 3.9Hz, a-1).

Results

Probing responses to the crude rice plant extract 
and its separated fractions

L. striatellus frequently showed probing beha
vior when given the 2% crude rice plant extract 
plus a 15% sucrose solution. Many branched stylet 
sheaths (60.3 ±0.44 points: m ean±SE) were ob
served on a parafilm membrane as a result of the 
probing behavior by the insects for 24 hr. On the 
other hand, when given only a 15% sucrose solu
tion as a control, they did not leave any probing 
sheaths (0.0 ±0.0 point) on the membrane. This re
sult clearly indicates that the crude rice plant ex
tract contained the probing stimulant(s) for L. stri
atellus.

As shown in Fig. 2, with respect to the original 
activity of the crude rice extract, both BuOH 
(95.5 ±0.76 points) and ODS-40% MeOH 
(90.3 ±0.65 points) fractions revealed higher and 
similar probing activities for L. striatellus (Anova 
at P=0.05, DMRT). When the active ODS-40% 
MeOH was further separated into Fraction A and
B. the bioassay results revealed that Fraction B 
(61.9±0.64 points) was more stimulating than 
Fraction A (19.2±0.49 points). Fraction B mainly
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Fig. 2. Probing responses of various test solutions of rice extract fed to adult males of L. striatellus. Bars with the 
same letters are not significantly different at P= 0.05 in A nova, using the D uncann’s M ultiple Range Test (D M RT).

consists of six components, each of them was, 
therefore, isolated as a single component by using 
preparative HPLC and followed by bioassay. As 
shown in Fig. 2, separately, each of the compo
nents caused only weak responses. In contrast, 
when all the six components were combined, very 
high probing activity (96.1 ±0.58 points) was ob
served. From this results it is revealed that the bio
assay for the combined compounds 1 - 6  were not 
significantly different from those for fraction B or 
the ODS-40% methanol fraction (Fig. 2). When 
any one of the components was excluded from 
these six, the resultant combination still showed 
high activities, which are all similar to that of the 
originally combined six (Fig. 2). From the above, 
there seems to be no key component solely re
sponsible for the overall responses, rather a plural 
action of at least five components necessary for 
the recovery of the original probing intensity is de
monstrated.

To emphasizing the probing activities by the two 
identified compounds 3 and 6 , the bioassay results 
showed that individually, compound 3 gave a prob
ing activity of 20.2 ± 0.47 and compound 6  of 
15.0±0.47 both of which were not significantly dif
ferent from that of their combined action (29.1 ± 
0.50 points), ANOVA, DMRT at P=0.05. As single

compounds or in combination their respective 
activities could not recover that of the original 
crude rice extract (60.3 ±0.44 points).

There may be many minor components associ
ated with the probing stimulation, however, judg
ing from these bioassay results, it was concluded 
that 1 - 6  were the main active components in the 
rice plant responsible for stimulating probing ac
tivity towards L. striatellus.

Identification o f compounds 3 and 6

From the positive and negative LC-MS data, the 
molecular weights of compounds 3 and 6  were the 
same and found to be 492, respectively. Their !H 
and 13C NMR spectra also gave very similar 
spectra. The acid hydrolyses of compounds 3 and 6  

separately led to equimolar quantities of D-glucose 
and tricin, respectively. Their structures were iden
tified by direct comparison with corresponding au
thentic specimens described in literature (Agrawal 
et al., 1989; Liu et al., 1995; Harborne, 1999; Mark
ham et al., 1978). It was therefore concluded that 
both compounds 3 and 6  are O-glycosides with 
their respective glucose moieties attached to a cer
tain hydroxyl group within the tricin aglycone.

The carbonyl carbon (177.0 ppm) shifted upfield 
by 4.8 ppm comparing the 13C NMR spectra of 3
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and tricin. This upfield-shift (Markham et al., 
1978) is based on the disappearance of a hydrogen 
bond between the hydroxyl group at C-5 position 
and carbonyl carbon at C-4 position. In other 
words, this shift clearly shows the absence of a hy
droxyl group at C-5 position, which instead, is sub
stituted with the O-glucosyl. Therefore, it was con
cluded that a D-glucose is attached at the C-5 
position. In addition to this result, since an anom
eric proton of the glucose moiety shows a large 
coupling constant ( /  = 7.08 Hz) at 4.75 ppm, com
pound 3 could be identified as tricin 5-O-ß-D-glu- 
copyranoside, that is tricin 5-O-glucoside (Fig. 3).

On the other hand, in the 'H  and 13C NMR 
spectra of compound 6, both protons at H - 6  and 
H - 8  positions and carbons at C- 6  and C - 8  positions 
were shifted downfield comparing them with those 
of tricin. From these it was deduced that these di
agnostic downshifts are due to the glycosylation of 
the 7-OH (Harborne, 1999; Markham et al., 1978). 
Since the anomeric proton of the glucose moiety 
has also large coupling constant ( /  = 7.08 Hz) with 
a doublet at 5.05 ppm, compound 6  was identified 
as tricin 7-O-ß-D-  glucopyranoside, that is tricin 7- 
O-glucoside (Fig. 3).

Discussion

These two isomeric compounds were initially 
isolated from rice plant by Kuwatsuka (1964). Due 
to its widespread nature among the graminae 
plants it is known that tricin, the parent compound 
is very important as chemosystematic marker in 
plant taxonomy (Williams et al., 1973). It is also 
known to be associated with rust resistance in 
wheat, T riticum  d ico cc u m  cv. ’Khapli; (Anderson, 
1933) and muscle inhibitor factor (Ferguson e t al., 
1949). As an aglycone and a glycoside both tricin 
and tricin 7-O-glucoside were respectively re
ported to strongly induce vir gene expression of 
A g ro b a c te r iu m  tu m ifa c ie n s  (Liu et al., 1995). Tricin
5-O-glucoside on the other hand was recently iso
lated in our earlier report as one of the two com
pounds responsible for stimulating probing beha-

Tricin R1 = R2= H

Compound 3 R-| = ß-D-Glucopyranose, R2 =H

Compound 6 Ri =H, R2 = ß-D-Glucopyranose

Fig. 3. Structures of com pounds 3, 6 and Tricin.

vior of S. fu r c ife ra  (Adjei-Afriyie e t al., 2000). The 
significance of this paper is that it is the first report 
on plural activity of components including tricin 5- 
O-glucoside and tricin 7-O-glucoside to stimulate 
intense probing activity towards L . striatellus.

It is also important to point out that from a com
mon host plant there are apparently different com
pounds responsible as probing stimulants towards 
each of these planthopper species. We are now in 
the process of testing all the three planthopper 
species on the active components we have isolated 
from the rice plant. This observation is necessary 
for an accumulation of the facts on the probing 
process to determine a common strategy to manip
ulate the feeding behavior of these planthopper- 
pests. This may have the potential to develop a 
new pest control method for the planthoppers 
such as a probing inhibitor as these compounds 
may play the role of kairomones essential (Kim et 
al., 1985) for directing the probing sheath of the 
planthopper-pests towards the sap site in the plant.

So we hope to report on the bioassay results 
together with the identification of the rest of the 
active components in due course when our studies 
are completed.
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