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3.2 The results of preliminary screening test for insecticidal activity of ethanolic
extract by Topical application method
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3.4 Extraction and insecticidal activity of the fruits of p. sarmentosum
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Table 3.5 1N Separation and insecticidal activity of fraction 1

Fraction Weight %
Eluents No. Remarks ()  Mortality
(250 mL)
100%CoH 1-8 white oil (Hi) 1470 20.0

200 CH=Cl2C eHid 9-16 yellow oil (H2) 18.06 10.0
40% CHLL- CeHia 17-24  dark brown oil (Ha) 9.06 10.0

60% CHCl2- CeHia  25-32- _
80% CHoClo- CeHia  33-405 " dark brown oil (Hy ~ 22.24 60.0

100% CHL. 448" darkbrownoil (H) 1944 0
5%MeOH- CHLLL: 4956
20% MeOH- CHLCl. ~ 57-64  dark brown oil (H) ~ 96.34 0

According to Table 3.5, fraction 4 showed strong insecticidal activity against
adult brown planthoppers while fractions = edid not display insecticidal activity.
In the cited literature, Piper spp. significantly showed the insecticidal activity against
Callosobruchus  chinesis and Aedes aegyptii. Moreover, some reports by
Likhitwitayawuid and Ruangrungsi, 1987 and Rukachaisirikul et al, 2004 implied
that the bioactive compounds of hexane extract of the fruit of p. sarmentosum was as
alkaloid constituents. Thus, all separated fractions from the hexane extract were
subjected to Dragendroff reagent. Only B}, sand efractions were clearly shown
the positive test which indicated that those fractions composed of alkaloid
constituents. Due to the highest %mortality of fraction B} and its positive test to
Dragendroff reagent, only fraction Ha was interesting for further investigation to
search for chemical constituents.

3.5.2 Separation and insecticidal activity of fraction 4

TLC of fraction B} (hexane-EtOAC s 2) revealed @ major and two minor
spots. The concentrated extract of fraction 4 22.24 g as dark brown oil was further
separated by silica gel column chromatography. The column was initially eluted by
hexane following by increasing polarity of solvent. The similar fractions based on
TLC were combined and subjected to insecticidal activity. The results of the
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separation and insecticidal activity of fraction R are revealed in Table 3.6 appendix
ATable 7.

Table 3.6 The separation and insecticidal activity of fraction 4

Eluents Fraction Remarks Weight %
No. (50 mL) (0  Mortality
100% CeH 14 1-15 white liquid (Haa) 0.07 184

30%CHCL> CeHia 16-30—1 -
. 1.27 ,
359 CHACL%: CHu 31-38_X yellow liquid (Ha2) 553

40%CHXCL2 Cetia 39451
50%CHZAC1- Cetia 4665
60%CHXL> CeHia 6684 '
10%CHXCL2 CeHia ~ 85-92 L dark brown oil (Haa) 1269 86.8
80%CHXC12 CeHia  93-106

yellow liquid (Ha9) 481 184

Regarding to the results in Table 36, fraction Hi4 exhibited the best
insecticidal activity. All fractions, HiL - Hi4 were also tested to Dragendroffs
reagent. Only HA3 and HA4 gave positive results to this reagent. Developing of
fraction Hi4 by TLC using hexane: EtOAC 8:2 revealed two main spots on the plate.
The top spot on TLC could absor ultraviolet light at X 254 nm and the below one
could absorb ultraviolet light at X 365 nm. Therefore, fraction Hi4 was needed for
further fractionation by silica gel column chromatography.

35.3 Separation of fraction Haa

Fraction H44 as dark brown oil, 1269 g was separated by column
chromatography. The column was initially eluted by 20%EtOAc-CeHia followed by
increasing polarity of solvent. The results of separation and fractionation are
presented in Table 3.7.

| 25197721
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Table 3.7 The separation of fraction H44

Eluent Fraction No. (50 mL) Remarks Weight (g)
100%CeH 4 1-45 yellow liquid 0.05
10% EtOAc- CeHia 46-54 white crystal in yellow
liquid 3.74
(compound 1)
20% EtOAC- CeHia 58-69 white crystal in yellow
liquid 2,61
(compound 2)

Purification of compound 1

Compound 1 as the major component of fraction Has was obtained as white
crystal in yellow liquid from fraction No.46-54 (Table 3.7) eluted by 10%EtOAc-
CeHia After recrystallization with hexane for several times, compound 1 was
obtained as white crystal 1,120 mg. (8.82% / of dried fruits) and displayed melting
range of 69-72°C. This compound revealed a single spot and gave an orange spot on
TLC after dipping in Dragendroffs reagent suggested that presence of alkaloid
nucleus.

The "H-and aC-NMR spectra of compound 1 were similar to those reported
for pellitorine. (Likhitwitayawuid and Ruangrungsi, 1987 and Jacobson, 1948) The
comparative assignments of 'n-and IsC-NMR spectra of those two compounds are
presented as shown in Table 38.
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Table 3.8 The tentative assignment of *H- and 13C-NMR spectra data of Compound 1
compared pellitorine (Likhitwitayawuid and Ruangrungsi, 1987 and Jacobson, 1948)

Position ‘H-NMR -nmr
Compound 1 Pellitorine~ Compound 1 Pellitorine
1 | | 1664 1664
2 5.8 5.76 1217 1218
(IH,d,7=148) (d,7=15.0)
3 1.22 7.19 (da, 7 1414 1432
(IH, dd, 7=10.0,15.2) =15.3,10.0)
4 © 613 (2Hm) 6.10(dd,13.1,10.00 1282 1282
5 J 612 (0t13170) 1431 1413
6 2.19 (2H, m) 2.14 (dd,6.8,7.3) 329 329
1 145 (quint) 142 (quint,7.1) 285 285
8 131 (m) 1.30 (m) 314 314
9 1.32 (m) 1.30 (m) 225 225
10 0.89 (£6.9) 140 140
[ 320 (2H,1,7=17.2) 3.16 (t 6.5) 46.9 46.9
2' 183 (1H, m) 180 286 28.6
Yy 0.9 (6H, d, 7= 6.8) 0.92 (d6.7) 201 20.1
NH 5.58 (1H, brs) 5.60 (brs)

The information attained from "H- and 13C-NMR spectra was closed to those
reported by Likhitwitayawuid and Ruangrungsi, 1987 and Jacobson, 1948. Hence, it
was obvious to conclude that compound 1 was pellitorine. The structure of this
compound is shown below.
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Purification of compound 2

Compound 2 the minor compound was separated from fraction H44 which was
eluted by 20%EtOAc-C6Hi4 from fraction No. 58-69 (Table 3.7) as white crystal in
yellow liquid. After recrystallization with hexane for several times, white crystal 580
mg (457% | ofdried fruits) was obtained with melting range of 130-132°c. This
compound exhibited a single spot on TLC and absorh ultraviolet light at X 365 nm.
This compound gave a positive test with Dragendroffs reagent, indicating the
presence of alkaloid nucleus in this compound.

The identification of Compound 2 was conducted by direct comparison of the
H-and 13C-NMR data with those reported by Baneiji and Sudhir, 1983 as shown in
Table 3.9.

Table 3.9 The tentative assignment of 'H- and 13C-NMR spectra data of compound 2
and sylvamine (Banerji and Sudhir, 1983)

Position ‘H-NMR Tnmr
Compound 21 Sylvamine2 Compound 21 Sylvamine3
1 | , 166.0 165.0
2 6.14 (1H,d,J=152)  6.06 (1H, d,1=154) 1247 1240
3 685(1H ddJ=15.2) 6.76 (1H, dd,J=154, 1416 1430
5.2)
4 ) 402 (1H, m) 74.1 74.0
5 210 {2Hbrs 352 (1H, m) 144 730
6 145 (2H,m) 51 317 32.6
[ 25.6 24.9
8 ¢ 1s@Hm Y LOLSE@AM 39 315
9 - 22.6 221
10 0.88 (3H,t,J=64) 083 (3H, d, J=6.6) 140 139
[ 316 (2H,t,0=64)  2.99(2H, d,J=6.4) 471 46.1
T 181 (1H, ,1=6.8) 160 (1H, m) 287 281
Yy 0.93 (5H,d,3= 64) 083 (6H, d,J= 6.6) 201 20.1
OH-4 3.76 (LH, brs) 402 (1H, m) 20.1 201
OH-5 4.32 (1H, brs) 3.52 (1H, m)
NH 5.58 (1H, brs) 1.14 (brs)

‘CDCh,2d-6Me2C0,3d6- DMSO
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Comparing the *H and =C-NMR spectroscopic data of Compound 1 (Table
3.8) with that of Compound 2 (Table 3.9), it was found that the proton and carbon
signals were in good agreement with those reported by Baneiji and Sudhir, 1983,
From these above data, the structure of compound 2 was Sylvamine. To our best
knowledge, this is the first report of sylvamine as the chemical constituent of fruits of
p. sarmentosum. The structure of this compound is shown below.

354 Separation of fraction Has

Fraction 143, 4.81 g was separated by silica gel column chromatography. The
column was initially eluted by 100%n-hexane and then 10% and 20%EtOAc in -
hexane. Eluting solvent was collected for each fraction approximately 50 mL. The
results of separation and combination are tabulated in Table 3.10.

Table 3.10 The Separation fraction o r +as

Eluents Fraction No.(50 mL) Remarks Weight (g)
100%CeH 1-33 white liquid 0.19
10% EtOAc- CeH 1 34-39 white crystal inyellow 367
liquid
(compound 3)
20% EtOAC- CeH 4 40-43 yellow liquid 0.07
Purification of compound 3

Compound 3 was obtained as white crystal in yellow liquid from fraction
N0.34-39 (Table 3.10) eluted by 10%EtOAc-«-hexane. After recrystallization by
CeH.a for several times, white crystal 189 mg (0.12% [ of dried fruits) with
melting range 100-106°c was obtained. This compound showed a single spot on
TLC.
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The 'H-NMR spectrum (CDCl3) (Appendix B, Figure 5) displayed the signals
of -CHs, -CHz and CH of steroid at 00.50-2.50 and a hydroxyl group at 03.50. The
multiplex signal at 05.07 was assigned for disubstituted vinyl protons (CH=CH). The
last signal at 0 5.33 was the signal of trisubstituted vinyl proton (-CH=C-). The
information from 'H- NMR spectrum was close that of stigmasterol addressed by
Rukachaisirikul et al., 2004. All of these results indicated that Compound 3 was
stigmasterol. The structure of this compound was shown below.

HO

355 Separation of fraction FU?

Fraction Haz as yellow liquid 1.27 g was separated by silica gel column
chromatography. The column was initially eluted by 100%«-hexane and then 10%
and 20%EtOAc in «-hexane. Eluting solvent was collected for each fraction
approximately 50 mL. The equivalent fractions were combined. The results of the
separation of this fraction are shown in Table 3.11.

Table 3.11 The Separation of fraction a2

Eluents Fraction No.(50 mL) Remarks Weight ()
100%CeH,4 19 white liquid 0.05
10% EtOAc- CeHia 10-24 white crystal inyellow ~ 0.62
liquid
(compound 3)
20% EtOAc- CeH 4 88-99 yellow liquid 0.46

107-121 yellow liquid 0.02
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35.6 Separation of fraction F
Fraction Hz as yellow liquid 18.06 g was separated by silica gel column
chromatography. The column was initially eluted by 100%H-hexane and increased

polarity of solvent to CH2Cl2and MeOH respectively. The results of the separation of
fraction Hzare presented in Table 3.12.

Table 3.12 The separation of fraction Hz

Eluents Fraction No. Remarks Weight (9.)
(50 mL)
100%CeHi4 1-8 colorless liquid 2y~ 0.05
10% CH=Ll> CéH 4 9-16 "
20% CHzLCl=- CfH 4 11-24 ~  colorless liquid ~ (Hz) 351
(compound 4)

40% CH=Cl= CeH 4 2529 "

50% CH=Cl2> CoH 4 30-36 yellowliquid g3y 402

70% CHCl> CoH 4 3743 yellow liquid (H24) 311

90% CH<LCl2 CoHi4 44-52 yellow liquid ~ (Hzs) 325
100%CHXCL2 53-55 yellow liguid ~ (Heg) 397

5%MeOH- CHLI2 56-8 yellow liquid oy~ 252

20%MeOH- CHLI> 59-12 orange solid  (Hz9 119

Purification of compound 4

Compound 4 as colorless crystal 30 mg (2.36% / of dried fruits) was
obtained from fraction No. 17-24 (Table 3.12), which was eluted by 20%EtOAc-tt-
hexane and showed melting range of 35-37°C. This compound showed a single spot
on TLC and did not give a positive test to Dragendroff reagent.

The *H and 1C-NMR spectra of Compound 4 were comparable of those
reported for I-(3, 4- methylenedioxyphenyl)-1E- tetradecene (Likhitwitayawuid and
Ruangrungsi, 1987). The data of 'H- and 13C-NMR are presented in Table 3.13.
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Table 3.13 The tentative assignment of 1 - and 13C-NMR spectral data of Compound
+ compared 1-(3,4-methylenedioxyphenyl)-1£-tetradecene

Position

| —

[

(Likhitwitayawuid and Ruangrungsi, 1987)

A

J

Compound 4

6.20 (IH, d,
7-155)
6.5 (1H, m)
217 (2H, m)

145 (2H, m)

1 128130
( (184, )

J

091 (tJ=6.8)

6.92 (1H, )

675
(2H, )
503 (H, )

‘H-NMR
1-(34
methylenedioxyphen
yl)-1E-tetradecane
6.29 (1H, d, "=15.6)

6.06 (IH, dt,
1=15665)
217 (2H, dt =72,
70)

145 (2H, m)

v
(e, )

y
0.89 (t, =6

691 (IH, )

6.75
(2H, m)

594 (2H, )

1C-NMR
Compound 4 1-(34-
methylenedioxyphen
yl)-I£- tetradecene

1294 1295
1292 1292
329 329
319 319
297 29.6

IN ﬂ

> 295 > 296

J J
294 29.3
29.3 29.2
2.1 22.6
142 142
1325 1325
1053 105.3
1479 1479
146.5 1465
108.1 108.2
1201 120.1
1008 1009
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From all of the above information, Compound 4 was concluded to be [-(3, 4-
methylenedioxyphenyl)-1E- tetradecene. Its structure is shown below.

0 A (CH2)iiCH3
35.7 Separation of fraction Hi

Fraction 3 as Yellow oil 9.06 g was separated by column chromatography.
The column was initially eluted by 100% «-hexane and increased polarity of solvent

to CH2Cl2 and MeOH. The equivalent fractions were combined. The results of the
separation of fraction Haare presented in Table 3.14.

Table 3.14 The separation of fraction H3

Eluents Fraction No.(50 mL) Remarks Weight (g.)
100%CEH 14 13 yellowoil  (Haa) 0.22
4-10 yellowoil  (Hs2) 0.42
10% CHLCl2 CeHia 11-13 yellowoil ~ (Hs3) 146
20% CHClz- CeHia 14-15
40% CHzCl2- CeHia 1622 v whitesolid  (Hs4) 37
50% CH=Cl2 CeHia 23-30 (compound 5)
70% CH=Cl2 CeHia 31-33 brown liquid  (Has) 0.63
90% CHzLCl2 CeHia 34-40 brown liquid  (Has) 2.46
5%MeOH- CHCl2 41-49 brown liquid  (Ha7) 0.04
20%MeOH- CHLI2 50-57 brown liquid  (Hag) 0.56
Purification of compound 5

Compound 5 was white solid in yellow liquid from fraction No. 14-30 (Table
3.14), which was eluted by 20% - 50%EtOAc-C6Hid. After recrystallization by
hexane for several times to afford white crystal 25 mg (2.75% /[ of dried fruits).
This compound displayed melting range 61-62°c and showed a single spot on TLC,

The 'H-NMR spectrum (CDCl3) (appendix B, Figure s) displayed the signals
of methyl at 00.92 indicating the presence of a methyl group and the signal of (CH2)n
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at 0 145 - 2.45. The information from *H-NMR spectrum was confirmed and

compared with that reported by Mingvanish, 1994. According to the above data, it
was obviously concluded that compound 5 was long chain carboxylic acid. The
structure of this compound is displayed below.

CHIA (C H 2n C-OH

35.8 Separation of fraction Hs

Fraction s as dark brown oil 19.44 g was separated by silica gel column
chromatography. The column was initially eluted by 100%n-hexane and increased
polarity by gradient mixing of CH2Cl2 and MeOH. The equivalent fractions were
combined. The results of the separation fraction Hsare presented in Table 3.15.

Table 3.15 The separation of fraction Hs

Eluents Fraction No. Remarks Weight (g.)
(50 mL)
100%Ceti4 1-7 pale yellow liquid (Hs.) 0.21
8-13 pale yellow liquid (Hs2) 0.50
10% CH=Cl2 CeHia 14-18 pale yellow liquid (Hsa) 0.21

20% CHLlz- Ceth 19-22 yellowliquid ~ (Hsa) 385
40% CHLlz CeHia 23-25 yellow liguid ~ (H55 435
26-29 yellow liquid ~ (Hs9 ~ 9.04

50% CH=Clz CoHi4 30-35 white solid (Hs7) 030
36-41 white solid (Hsg 021

10% CHzCl=- CoH 4 42-45 white solid (Hsg 040
46-49 white solid (Hsg 011

90% CHLCl2 CtH 4 50-54 dark brownoil ~ (Hs) 033
100%c h 2 55-56 dark brownoil  (Hs) ~ 0.95
5%MeQOH- CHLI2 57-64 dark brownoil ~ (Hs.g 040
20%MeQH- CHCl2 64-74 dark brown ol (Hs) 018
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The separated fractions were tested with Dragendroff reagent. Only fractions
55 and Hse gave a positive test. Thus, fractions Hss and Hse were reseparated by
column chromatography.

359 Separation of fraction FES

Fraction Hss as yellow liguid 4.35 g was separated by silica gel column
chromatography. The column was initially eluted by 100%H-hexane and increasing
the polarity by gradient mixing of EtOAc. The results of separation and fractionation
are displayed in Table 3.16.

Table 3.16 The separation of fraction Hss

Eluents Fraction No. (50 mL) Remarks Weight (g)
100%CeH 1-12 white liquid 0.14
10% EtOAC - CeHu 13-17 white solid 0.07
18-26 white solid 0.58
(compound 5)

20% EtOAc - CeHh 21-28 pale yellow liquia 0.30
29-30 pale yellow liquid 2.11

31-38 pale yellow crystal 0.12

39-40 pale yellow crystal 0.13

35.10 Separation of fraction Hsis

Fraction Hse as yellow liquid 9.04 g was separated by silica gel column
chromatography. The column was eluted by 100%«-hexane and increasing the
polarity by gradient mixing of EtOAc. The equivalent fractions were combined. The
results of the separation are showed in Table 3.17.
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Table 3.17 The separation of fraction Hse

Eluents Fraction No. (50 mL) Remarks Weight (g.)

100%CoHA 17 white liquid 0.05

10% EtOAC - CeHia 8-19 pale yellow liquid 0.28
20-26 pale yellow liquid 0.40

20% EtOAC - CoH 4 21-32 white crystal inyellow 132

liquid
(compound 6)
39-43 dark brown liquid 138
Purification of compound 6

Compound 6 was obtained as white crystal in yellow liquid from fraction No.
27-32 (Table 3.17), which was eluted by 10%EtOAc- CoHia. After recrystallization by
«-hexane for several times, Compound 6 as white crystal 1,320 mg. (14% / of dried
fruits) with melting range of 141-143°c was obtained. This compound gave a single
spot on TLC.

The 'H-NMR spectrum of compound 6 was comparable to those reported by
Kijjoa et ai, 1989. The comparable 'H-NMR data of this compound and methyl
piperate is displayed in Table 3.18.
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Table 3.18 The tentative assignment of 'H- NMR spectral data of Compound 6
compared methyl piperate (Kijjoa et ai, 1989)

Position 'H-NMR
Compound 6 Methyl piperate

1

2 6.76 (1H, d, 7=16.5) 6.75 (1H, d, 7=17)

3 742 (1H, dd, 7=16.8, 109) 740 (1H,d, 7= 17, 11)

4 6.76 (1H, dd, 7= 103, 175)  6.46 (1H, dd, 7=11,17)

5 6.8 (1H, d, 7=18.2) 6.80 (1H, d, 7=17)

6 | |

1 7,03 (1H, d, 7=1.9) 6.97 (1H, d, 7=2)

8 ) -

9 , |

10 6.78 (1H, d, 7=7.6) 6.76 (1H, d, 7=8)

1 6.92 (1H, dd, 7=1.9, 7.8) 6.89 (1H, dd, 7= 2, §)

OMe 3.76 (3H, ) 385(3H, )

och2 5.98 (2H, ) 5.95 (2H, )

According to 'H-NMR spectral data addressed by Kijjoa et ai, 1989,
Compound 6 could be concluded as methyl piperate. The structure of this compound
Is displayed below.

3.6 Study on insecticidal activity testofisolated compounds

Chemical investigation on the interaction between organisms have led to the
isolation and identification of biologically active natural products which have served
as leads to the discovery and development of commercialized agrochemicals. Thus, in
this research study, the insecticidal activity would be performed and confirmed by 2
different methods. The first one was the study on insecticidal activity test of isolated
bioactive compounds against adult brown planthoppers via Topical application
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method and the second one was to study on the acetylcholinesterase inhibiting activity
of selected compounds via computational molecular docking method.

3.6.1 Effect of concentration on insecticidal activity test against adult
brown planthoppers by Topical application method

In this experiment, carbosulfan was selected as the standard active ingredient.
The main reason to use this standard compound that it is commonly used in Thai
agriculture and could perform its activity quite well against a number of insect pests,
furthermore, mode of action of this compound was typically well-known.
Table 3.19 Effect of concentration of insecticidal activity test against adult brown

planthoppers by Topical application method

Compounds  LCso(ppm) LD=o(pg/g)  Fiduncial limit ~ Slope  SE slope
(pprm)

carbosulfan 2,859 178 2,108-4,052  0.00036 +0.09784

compound L 3,843 247 3,034-5281  0.00030 +0.10302

compound2 2,827 160 1,992-4,457  0.00026 £0.25949

3.6.1.1 Effect of concentration on carbosulfan against adult brown
planthoppers

Regarding to this experiment from Table 3.19 and appendix A Table 8, LD=o
of the carbosulfan exhibited LD=o 178 pgl/g 95% fiduncial limit 2,108 - 4,052 ppm
slope 0.00036 SE slope £0.09784 for adult brown planthopper from Chindt province.
This could be suggested that carbosulfan display as non-toxic against adult brown
planthoppers by Topical application. The comparison of data obtained in this present
work and those obtained by Wantana et al, 1990 suggested that the brown
planthoppers species tested here were more tolerant to the insecticide susceptibility
among brown planthoppers from 17 provinces of Thailand and brown planthopper
collected on the Chindt, Khonkhaen, Pichit and Pattalung could tolerate and resist to
insecticides (resistant strain) in the class of carbamate, organophosphate and synthetic
pyrethroid while those from Phae could not resist to insecticides. With reference to
Chindt in 1990 and 2003, it was revealed that brown planthopper collected from
Chinét (1990) displayed LD50 values of carbosulfan 95 pg/g 95% fiduncial limit 66.0-
1430 ppm whereas brown planthopper collected from Chinét (2003) revealed LD=
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values of carbosulfan 178 pg/g 95%fiduncial limit 2,108 - 4,052 ppm This could be
suggested that brown planthopper species could develop its resistant to the test
insecticidal carbamate compounds from winter to winter over a year. However, the
attained results showed a large difference in LDso for carbamate test (carbosulfan) as
revealed in Table 3.19,

3.6.1.2 Effect of concentration of compound 1 against adult brown
planthoppers by Topicalapplication method
According to Table 3.19 and appendix A Table 9, Compound 1 displayed
strong activity against adult brown planthoppers with LCso 3,843 ppm (95%Cl)
3,034-5,281 ppm and displayed non-toxicity against adult brown planthoppers. LC=
of compound 1 was nearly the same value as carbosulfan. From above data, it could
be concluded that compound 1 was potential insecticide.

3.6.1.3 Effect of concentration of compound 2 against adult brown
planthoppers by Topicalapplication method

As summarized in Table 3.19 and appendix A Table 10, compound 2 a minor
compound displayed LCs02,827 ppm (95%Cl) 1,992-4,557 ppm and displayed non-
toxicity against adult brown planthoppers. Compared LCsowith carbosulfan, it could
be concluded that compound 2 was also potential insecticides.

3.6.1.4 Dosage-mortality studies
The dose-mortality relationship between carbosulfan (left), compound 1

(right) and compound 2 (below) is displayed in Figure 3.1,
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rigure 3.1 Dose-mortality relationship between carbosulfan (left) compound 1 (vight)
and compound 2 (below) against adult brown planthoppers

The dose-mortality relationship between compound 1 (see Figure 3.1 right)
and compound 2 (Figure 31 below) as compared with carbosulfan (Figure 3.1 left)
displayed the slopes of the dose-response lines were correlation as carbosulfan. The
slope of compound 2 could be much less susceptible illustrated by the increasing in
the LC=ovalues when compared with carbosulfan.

Compound 1 (pellitoring) and compound 2 (sylvamine) displayed the same
trend of insecticidal activity as carbosulfan. It could be therefore concluded that
compounds 1 and 2 were active compounds of the fruits of p. sarmentosum. In
addition, compound 2 showed the highest insecticidal activity against adult brown
planthoppers. This is the first report concerning compound 2 to display the highest
insecticidal activity against adult brown planthoppers.

In summary, this research presents the chemical constituents of bioactive
compounds from the fruits of p. sarmentosum and insecticidal activity against adult
brown planthoppers. Futhermore, compound 1 (pellitoring) and compound 2
(sylvamine) were selected to study on the acetylcholinesterase inhibition activity.
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3.6.2 Molecular Docking Studies

Generally, a drug must have suitable structure, both in terms of steric and
electrostatic properties, to properly bind with a receptor in order to mediate its
activity. Therefore, information on ligand-enzyme interaction at molecular level can
be used to assist a drug development process. In this study, molecular docking
technique was employed to figure out why compounds 1 and 2 are active while the
other compounds are inactive. For this purpose, docking calculations between
acetylcholinesterase (see Figure 3.2) and inhibitors were carried out. Moreover,
carbosulfan, a general pesticide used in Thai agriculture, was additionally included as

reference drug for comparison of the mode of action hetween this compound and our
inhibitors,

Figure 3.2 Threg dimensional structures of acetylcholinesterase

36.2.1 Validation ofthe docking method

In order to validate the method used for our docking calculations, the binding
configuration between AChE and tarcine was predicted and subsequently it was
superimposed to its X-ray complex structure, taken from the Protein Data Bank (code
1Q0N). The results were displayed in Figure 3.3 and Table 11 in Appendix A
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Figure 3.3 Superposition between the docked (violet color) and the X-ray (yellow
color) complex structure between AChE and tarcine,

From the docking calculations, the obtained complex structure is very similar
to the experiment one, indicating reliability of the method used for our docking
calculations.

3.6.2.2 Docking results of carbosulfan and our inhibitors

The docking results between AChE and carbosulfan as well as our inhibitors
are presented in Figure 34 and Tables 1214 in Appendix A Carbosulfan and
compounds 1 and 2 can bind to the active site of AChE (see Figure 34) while the
other alkaloid, i.e. guineensine, brachystamide s, brachyamide s and Sarmentine,
which are inactive compounds, cannot enter inside the active site (data not shown)
due to their large molecular size and structural difference, i.e. number of hydrocarbon,
position of double bond and number of double bond.

Ve
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.\’/.\(’\
e
-
-

Figure 3.4 Activesite in AChE red-carbosulfan, yellow-pellitoring and green-
sylvamine
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For carbosulfan, the 02 atom of this compound forms hydrogen bond with the
H2 atom of Glyl 17 with a distance of 1.95 A. The H2 atom in aromatic compound is
located near the 02 atom of Tyrl29 with the H2-02 distance of 1.79 A In the
pellitorine-AChE complex, the pellitorine was stacked against Trp-83. Pellitorine
points its N2 and NH atoms toward HE1 and NE1 atoms of Trp83, respectively, with
distances of 2.4 and 2.27 A. The structure of sylvamine was fitted into the active site
of acetylcholineterase. Four aromatic residues, Tyr71, Glyl 18, Ser205 and Tyr337, in
the active site of AChE have interaction with sylvamine. The side chains of these
residues were all moved to accommodate the binding of inhibitor. Four hydrogen
bonds were found, namely Try71-02 atom (distance = 247 A), GlylI8-N2 atom
(distance = 2.18 A), Ser205-N2 atom (distance = 2.37 A) and Tyr337-NH atom
(distance = 2.13 A). Both pellitorine and sylvamine have different binding mode from
carbosulfan.

Interestingly, pellitorine and sylvamine could be fitted into the active site of
AChE and the aromatic side chain of amino acid could form hydrogen bond
interaction with pellitorine and sylvamine. The prediction of hinding configuration by
molecular docking method is reliable as indicated by a comparison with
experimentally observed structure. These obtained complex configurations give detail
information about drug-receptor interaction at molecular level, which is very helpful
to drug development process.

Inthese  dies, possible interactions between carbosulfan-AChE, pellitorine-
AChE and sylvamine-AChE were investigated and the docking results indicate that
pellitorine and sylvamine could possibly be used as insecticides due to their hinding
characters with AChE receptor similar to that of carbosulfan, which is a standard
insecticide. This study is an example of how the introduction of properly technique to
predict drug-receptor complex which can be used to describe a mode of action of
insecticides, i.e. by blocking the catalytic pocket of the AChE. In conclusion, the
docking method could be used to explain why compounds 1and 2 are active while the
others are inactive.
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