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and Glutathione — S — transferase activity in Aedes aegypti (L.). Master of Science
(Biology), Major Field: Biology, Department of Zoology. Thesis Advisor:
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Some plant extracts were studied to evaluate detoxification enzyme activity in larvae of
mosquitoes (dedes aegypti(L.).Three plant materials, nutgrass tuber (Cyperus rotundus L.) seeds of
yambean(Pachyrhizus erosus (L.)Urb.) and Ya-Nguag-Chang (Heliotropium indicum L.) were extracted
by Soxhlet extraction method using ethanol 95% as a solvent. The completely randomized designs
(CRD) with 3 replicates were used to analyse their LC,,. The toxicity of nut grass tuber extracts showed
10.75% w/v (y = 5.7 + 4.12 x) LC, after exposure at 24 hours and after exposure for 48 hours was
6.17% w/v (y = 12.53 + 6.07 x). The jam bean extracts showed 0.07% w/v (y = 15.971 + 490.565x)
LC,, at 24 hours and 0.05 %w/v (y = 23.334+493.335 x) at 48 hours.The Ya-Nguang Chang showed
LC,, of 24.32%w/v (y = -7.085 + 2.347x) and 20.21%w/v(y = -0.696+2.508x) after exposure at 24 and

48 hours, respectively.

The detoxification enzyme mechanisms in terms of inhibition types at average 0.02-0.2 Mm
were studied to evaluate types of inhition. It revealed that three of extracts were likely to inhibit
esterases and glutathione-S-transferase showing of competitive inhibition. Although some experiments
indicated that after using Dichloronitrobenzene (DCNB) as a substrate to glutathione-S-transferase, all
extracts exhibited as noncompetitive inhibition. While using Chlorodinitrobenzene (CDNB) as a
substrate, the Ya - Nguang Chang inhibited glutathione — S - transferase as noncompetitive inhibition.
Furthermore, toxicity tests against some nontarget organisms showed that LC,, was highest against fish
(Xiphophorus helleri Heckel) at ca.17.74%w/v for Ya - Nguang Chang extracts. In addition to the
lowest LC,, was at 0.076% w/v was from jam bean extracts. The adult bees (4pis cerana) exhibited
LC,, at 3.47% w/v from Ya - Nguang Chang extracts. The highest toxicity against bees was from jam
bean extracts which showed 2.17%w/v.Finally, Dissolved Oxygen (DO) and pH of water incubating

larvae in all treatments were reduced significantly.
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2.22 mﬁmﬁﬂqm@imiuwamw@ (Organophosphorus Compounds)
A @ & dy 1 = 1 4 = dy A o Yy
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1. "riﬁlliﬁ!!ﬁ!:l?‘ﬁg (Cyperus rotundus L.)
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1. H - type Uszneudie Ol-Cyperone 1L81g B-Sellinene WUN Honshu , Okinawa ,
Kyushu i181¢ Shikoku
2. M-type Usznouaie OL-Cyperone 40 B-Sellinene , cyperone L& cyperonone

3. O-type Usznoudly cyperone L& cyperonon
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1ag Tang , 1989)
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101 la] Prostaglandin synthetase , Aldose reductase , Glutamate pyruvate transaminase ,
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(Cyperus rotundus Linn.)

{ Y Y Y
A 4 UAANANYUSVOINUUNINY (Cyperus  rotundus L.)
A Wauvyeg iy aazioen

B,C éfuuﬁ’wy, Cyperus rotundus L.
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; « pinene

caryophyllene
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= ) = v 9 Y =1
2NN 5 waasges lnseaswansiwoluimauiony el

A pinene (2,6,6-trimethylbicyclo[3,1,1]hept-2-ene )

B caryophyllene (4,11,11-trimethyl-8-methylene-caryophyllene)
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2. 34uUuNI (Pachyrhizus erosus Urb.)
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3. ﬂﬂ:IINN%’N (Heliotropium _indicum L.)
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W : Lincoln Taiz, (1998)
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4. anuiluiynazounsie (Toxicity and Hazard)
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2. ﬂﬁﬁ?ﬂﬂwﬁiﬂﬁ 2 (Phase II reaction)

3 aaa A a

WuwlasermsnlaeunilasTuanavesarsulanlasuniomsny Tag s
o a A 1 Y o = Yt J Yy A
nuasisznevunrianegnielusumelaiiuas lninazare 1aaluiwaznieunzgn
@ 1 = 1 aaa @ . . £ aaa dysl [ 4
UpBNIINT NG 3o UPNTe1n0UNFU (conjugation) FI1HATe1TAB IO IO Tasa]

Y
a 1 ] o a 4 YY)

vaneyiauazdoliansais q wu Waanglag nsaezillu tag ngals luauduny Tuana

a ) a d ! g‘ o
voaa sy Iinaily product Razaneldaliwazdvesnmailaaing

9]
O gslgrase “
[
R-C-0-E =+ H.O - E-C-0H T ROH
acid alcohol
gster
0 9]

H.O Il

Il 2
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paranitrophenyl acetate acetic acid papranitrophenol

MWAN 12 1aaln3en hydrolysis V09 esterase

AW : Visetson ( 1991)
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Ugn3en o laai i
Glucuronidation UDP- glucuronyltransferase OH,COOH,NH,, SH, C-C
Glucosidation UDP-glucosyltransferase OH,COOH, SH, C-C
Sulfation\ Sulfotransferase NH, , OH
Acetylation Acetyltransferase NH, , SO,NH, , OH
Methylation Methyltransferase OH,NH, , SH
Amino Acid Conjugation Acyltransferase COOH

Glutathione Conjugation

Glutathione —S- transferase

Epoxides , Organic halides,
Organic nitro compounds
Unsaturated compounds

COOH, OH

11 : Dauterman (1994)
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RX + HSCH, CHC(O)NHCH, COOH

NHC(O)CH, CH, C(NH,)COOH

Glutathione — S-transferase

RSCH,CHO(O)NHCH,COOH

NHC(O)CH, CH, (NH,)COOH

RSCH,CHC(O)NHCH,COOH
|

NH

glutamate Y-glutamyltranspeptidase

2

Cysteinyl glycine dipeptidase
glycine

RSCH,CH(NH,)COOH  (premercapturic acid)
|
RSCH,CHCOOH  ( mercapturic acid)

HNC(O)CH,
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nn Hodgson and Levi, 1994



xenobiotics

Highly lipophilic
shy Tpep lipophillic polar hydrophilic

Metabolically stable

Accumulation

Accumulation in body fat

Phase 1
(Bioactivation or inactivation)

oxidation , reduction , hydrolysis

polar

‘ v

Phase 11

(Bioinactivation) conjugation

hydrophilic
v 7

Extracellular mobilization

v

Plasma circulation

Biliary excretion
Renal excretion
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1 d‘
HAZYWNN 2

17 : Niesink ez.al, (1996)
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Competitive Inhibition
Classical competitive inhibition
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Nonclassical competitive inhibition
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pH meter
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Refrigerated high speed centrifuge (Hettich — Universal 16R)
Rotary evaporator
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Vacuum pump
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Chemical

aanfiildlunsnanes

alcohol 95%

Sodium carbonate

Potassium phosphate buffer

Polyvinyl polypyrolidone (PVPP)

Ethylene diamine tetraacetic acid (EDTA)

Glutathione reduced form

Paranitrophenol acetate (PNPA)

Sodium hydroxide

Hydrochoric acid

Standard Esterase (E.C.3.1.1.1)from PorcineLiver , Sigma Chemical Product
Standard Glutathione — S - transferase (E.C.2.5.1.18) from Porcine Liver, Sigma
Product

Copper sulphate

Follin- Ciocalteau reagent

Potassium Tartrate

Dichloronitrobenzene (DCNB)

Chlorodinitrobenzene (CDNB)
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ANNVNVUVDITTANATIEN

INHAANUUNT

d d
(ostdun)

Y] d (3)
wﬂmau"lcumeammﬁﬁ

n mole product / mg protein /ml

szgznal (¥IN9)

24 48
Ay " 16.04 + 0.81° 19.79 + 2.48°
Ay 15.65+ 0.72° 22.95 + 0.70°
0.05 749+ 0.46° 432+ 047°
0.10 7.54+ 0.60™ 3.72+ 0.07°
0.15 6.71 = 0.30° ok ok
0.20 591+ 0.64° ok dok
ULV
O fe yamuguithildasada
@ feo yamuaquitldmmeditazae
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23 ASENANEIININKYNIIGH
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30 uaz 40 % wiv sesueulmilomnea H3ana1 24 42 Tue wd 10.59, 11.79, 11.92,

13.08, 13.57 11a£14.02 n mole product /mg protein /ml AINAIAL AIUNTINIAT 48 T2 119
1 4 J -2

mvoueu lxtedmelsalianniny 15.66, 16.21, 17.53 uag 19.63 n mole product /mg protein

1 [ Aaaa 4 4 [ 3’

/ml  dauanuidudu 30 waz40 % lidwnsarilgnsevesenleila eswinluiigni

A aa KR ] ) [ @ s Y £ @ 4 A

gaa1efsoadinde iamsohuanamszauenladla  deszaueoulydioamersad

$2ana1 24 1 1us lunnganaass liuanaeiuedelivedifny Nszauanudonu 95 %
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[
[ I

TANUUANANOAUANWTUTUN 10 % 1182 20% od1ITsdAUNTLAUANUFIU 95 %

g



{ 1 { 1 { U 0' OB}
MINN 10 AUNGY + mmﬁmmummgm iZﬂ‘}JLﬂuul“]f‘JJLE]ﬁmﬂﬁﬁ‘U@QQﬂ‘Ll"I

gameniio lasuasanane1uanya 1919 lugaanan 24 wag 48 ¥11ua

77

L% d
. 5 szoueulweammarsa
anmudnduvesmsaiavey
n mole product / mg protein /ml

NNN929519 ,
szgzm (FIN9)

d d
(Wesidun )

24 48

Ay 10.59 = 1.65" 15.66 + 0.58°

Ay 11.79 + 134" 1621 + 0.31°

10 11.92 + 0.19® 17.53 = 0.75°

20 13.08 + 0.01° 19.63 + 0.36°
30 13.57 + 0.16" ok
40 14.02 + 0.06° kA

HLyie
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q q

DY

(V)

DY

3) d‘ Y Y d' A [ o’/’ = [ 1 1 [
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(v [y < b
3. wavesmsananguNNsaeszaeulvingmInleu-ea-nnumesalugnigsais

4 9 o a A
ﬂ’]ﬂﬂ’liﬂﬂﬁ@ﬂl@uhlcﬁuﬂgﬁ'lllﬂiﬂuﬂflﬁ-ﬂﬁ'luﬁLWf]ﬁfff Tﬂﬂi%ﬁﬂﬁm‘iﬁ 2 BUA AD
CDNB (Chlorodinitrobenzene) {ta DCNB (Dichloronitrobenzene) ﬂi?ﬂ%ﬂﬂﬁ nsenlaels
IA304 spectrophotometer  N1ANEIAAY 340 uag 344 W1 luwAT MUSIAD FIWaVeIas

anarenue 3 siadludaasliil
3.1 manaaaulagly CDNB iWuduansa

3.1 ansananeIunINiINg miEIvy

Wﬁﬁﬂ1ﬂ1ﬁﬁﬁf‘fﬁﬂ1’iEJTIJi]Wﬂﬁﬁﬂifgjillﬁljﬂyﬁiﬂgﬂﬁﬁﬂaw WU
UgnsemevenleingarInTou-ea-nsmuaesa TaslFarschlorodinitrobenzene 111
FUTATA UATATIVAT conjugated  product ‘ﬁlﬂuﬂdnﬂlﬂﬂ mercapturic acid Ha1nM5 IR
miﬁﬁ’wfnmmﬁ’awﬁjmﬁ’wmegnﬁywqqamiﬂw‘hmﬁmam 6%A  NMINAADI A0 YA
AR, wmmuﬁidﬁaﬁmzmﬂ, 4 .8, 12082 16 % wiv Tuganand 24 2 Tuawihd
2.1,2.3, 2.3,1.8, 1.6 11a2 1.1 n mole product / mg protein /ml AIUFIAL dufivaana 48
F2Tu4 aveuoulainga InTou-ea-ns e a lauiiiy 2.43, 1.93, 2.13,2.47, 2.40,
2.80 n mole product / mg protein / ml AU uﬂfiua?iﬂﬂmﬁaﬂ 10° G]d)i\‘ligﬁmﬂuulclfﬁﬂgm
nTou-ea-namanlosa fgaanat 24 2 Tualugaaruan , yanruquilddihazas uaz
4% seauow T iuanasueduiiteddy fssduaiumdeiu 95 % daussduowla]
nga InTeu-ed-nameaend figranar 48 1 Tualunnyanaassszauen ol Lifianu
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SRR

Y ¢
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AT HIUVBIANTANAIEN

v Yy n mole product / mg protein /ml
NHINUMHINY

szgzal (¥N9)

d d
(1esidun )

24 48
Ay’ 2.1 + 0.20° 243 + 0.49°
auau” 2.3 + 0.20° 1.93 + 0.34°
4 2.3 + 0.30 2.13 + 0.34°
8 1.8 + 0.20" 2.47 + 0.46°
12 1.6 + 0.20° 2.51 + 0.38"
16 1.1 + 0.07° 2.80 + 0.64"
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3.1.2 @sananeIunINNAALULAY
1% 9 Y [ % 1 g/ ' aan
naannlnesanareunnmaaiuenidegniiigialy wuNlfnserves
4 Y .. I @
ou laingan InTeu-ea-nsmenosa Tagldens chlorodinitrobenzene 1Hluduaiasa uaz
{ g 1 @
A329813 conjugated product MIUNGUUDY mercapturic acid WAYINMT IREITARANIILIIN
3 o 1 oy o { '
waaduunaegmigiaislagiinsnaass 6 4a N1INAAL AL YAAIVAN ,YANIVANT 1d
faiazang, 0.05,0.10, 0.15 1AL 0.20% w/v 1UFIIA1 24 52 Tag AU 11.50, 12.50, 5.30,
5.63, 6.73 1182 5.80 n mole product / mg protein /ml MUAIAY  dIUNTIWIAT 48 F2 119 A
4 = [ Y
youou lainga InTou-lod-nswamlesa Taunny 3.10,4.75, 2.35, 0.63, 0,0 n mole
. o w 1 A 9 -6 = o 4
product / mg protein /ml AW&IAY NnARAsAMAIY 10° Feszauou laingar InTou-oa-
A ) 2/' @ P J @ 1
niuaosd Nranat 24 1 luganiugune 2 gall seaueu lsinuanaaiuees
¥ o w [ { [y 4 o 1 Y o
ednynuyganaassiszauaNuFoy 95 % diuszauou lmingat nlou-lod-nsua
A M A Yy 9 A o I
osa Nana148 $a1u luganrauuazianududun 0.05 % szauou lailiam
HANANAUADYANAADINANMTLTY 0.10 % pereiiisdAgyNszauanudolu 95 % diu

[ Yy 9 ] Aaaa s ¥ A (= 3‘
TEAUANNINUN 0.15 ag 0.20 %Ulumminmﬂgﬂ'i‘c’neummuulcmflﬂ Luewmuluugﬂm
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A 1 A 1 A % o
A1TNNN 12 ARaY £ FIUVIUVUNINTIIU izﬂmauvlmmﬂgmllﬂau—!,aﬁ—mm!,vimiﬁ
oy 4 % @ 3 o 1
VBIPNHUIGIDTY Lﬁ’ﬂulfg])ﬁ‘ﬂﬁ'ﬁﬁﬂﬂﬁfﬂ‘ﬂ%'lﬂmaﬂﬂuuﬂﬁﬂluslf'NDQT

24 uag 48 ¥11u4

szaueu laaingmInleu-ea-nsuaorsa "

ANMVNTUYBITTANATIEN

& W n mole product / mg protein /ml
INNAANULINT

szgzm (FIN9)

d d
(1esidun )

24 48
augu 115 + 2.12° 3.10 + 0.75°
auqu 125 071" 475 + 0.64°

0.05 530 + 1.81° 235 + 0.21°
0.10 563 £ 1.56" 0.63 % 0.06°
0.15 6.73 + 2.00" Ak
0.20 580+ 1.39" AR
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(3)

981901 8d1AYy (DMRT, P < 0.05)
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3.1.3 a1sENANeTININKYNNNT
v Y v Y Y ! oy ' Aaaa
Haan IRaNIananeIUNNYM 19N gNIgIats WUl nTen
J I
vououlwingarlnTou - 1ea - nswalersa Taolda1s chlorodinitrobenzene 111
[ {3 1
FUTNTA LLASATIVNT conjugated product ﬁyﬂuﬂqmm mercapturic acid Ha1NM5 IR
Y
MIANANHY T ABENIIgI1e TAsiIN1TNAaDY 6 FANITNANL AD YANIUAN 4R
arugunlaaiiiazals, 10 ,20,30 tag 40 % w/v 1UBIIA1 24 52 109 199101 9.25, 12.00,
10.00, 11.00, 11.50 118¥13.50 n mole product / mg protein /ml AWAIAY AIUNTINIAT 48
) 1 4 v 1 @
2 Tua Aveson lel nganlnlon —iod - nswaorsd TAnnny 22.67,24.67,  20.67,
20.33, 0 1182 0 n mole product / mg protein / ml AWSINY NNAUNALYUAIY 10° FI5zAU
o A o o o
ulaingannTou — ea - nsmamersa Mwar 24 Wl uaz 48 $11ue szAU

4 B J v v v o w { @ d o 1 { o
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48 %2139
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n mole product / mg protein /ml

NNNN929519 ,
s szaznm (TIN9)
(ostdun)
24 48
agu "’ 9.25 £ 239" 2267 + 145"
auqu 120 = 1.68" 24.67 + 2.03"
10 10.0 + 1.96' 20.67 + 0.88"
20 11.0 + 4.00° 20.33 + 1.86"
30 115 + 5.50° R
40 135 + 2.50° R
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3.2 msnaaeulaald DCNB luduansa

3.2.1 ensanane1unniana iy

nEsnnldmsafanerunnimduiydegningiats wui
Ugnsoveveuleingar lnTou-ea-niuemesa Tagl¥ars dichloronitrobenzene 111
FUANTA LATATIVAT conjugated  product ﬁﬂumjmm mercapturic acid N3 19
?Hiﬁquﬂ‘IriEJTU%”Iﬂﬁ?ﬂﬂjmﬁl’aﬁMuﬁiﬂgﬂ“liWQanJTﬂfJﬁWmiﬂﬂﬁﬂﬂ 6 FANITNAADI A0 YA
AIUAN ,Glgﬂmuqmﬁ“ldﬁaﬁmzmﬂ, 4,812 182 16 % wiv u¥1a124 H2lue iy
12.50, 10.67, 8.67, 8.00, 6.00 itz 8.50 n mole product / mg protein /ml AINAIN ehuﬁ'
$1910a1 48 $2 1319 avoueulminga InTou-oa-nswamesa faunidu 18.50 , 13.00,
6.50, 7.50, 4.50,3.00 n mole product / mg protein / ml AINAIN nﬂﬁwgaﬁﬂ@mﬁaﬂ 107 51:)5\1
seviowlaingan InTou-ea-nauamlesa Hvaaar 24 59 ue szauen ol lifianu

v
9 v =

uanaNnued Nt nyNTzAUANMFNU 95 %  dIUFIIAT 48 19 WUNTTA
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A o [ A

4 [ Y 1 [y 1 o o
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n mole product / mg protein /ml

IR WA INY :
C o szazna (3IN9)
(Wesidun )
24 48
Ay " 12.50 + 4.50° 18.5 4 0.50°
Ay’ 10.67 = 1.45° 13.0 +2.00°
4 8.67+ 4.18" 6.5 +2.50°
8 8.00 +2.00° 7.5+0.50°
12 6.00 + 4.00" 4.5+0.50°
16 8.50 + 2.50" 3.0 £2.00°
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322 dsafaneunnmaasiumng

wé’wmﬁlﬁ’miﬁﬁ’ﬂwfmJmﬂmﬁﬂﬁuumﬁagm‘fwﬂaw nulgnTen
vouou 1wl nganlnTen — 1ea- nswameisa Taoldars dichloronitrobenzene 1iu
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Paranitrophenol produced = OD/min x 58.8235 x total volume of assay (ml)
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MINATIZH glutathione — S- transferase

- DCNB produced = OD/min x 1.316/10 x 1000 n mole
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1.1 Phosphate Buffer
0.1 M KH,PO, (Phosphate buffer: M.W = 136.09) w3ou Tagly

Y 1
Phosphate buffer 31131 13.509 n5u Tuihnaulsuas 1,000 Jadans Ysual pH tmny 7.5

1.2 Phosphate buffer with EDTA
1 mM EDTA (Ethyline Dibromide TriAcetic acid : MW = 452.24) m3eulay
19 EDTA $1u9m 045224 0y luhinduilSinas 1,000 #aaans YSuampH 110U 7.5
Wi 1 mM EDTA USmas 1 fladaasundnadly 0.1 M KH,PO, 131103 1,000

a Aaa Y 9 o
Haaans aulvdwinu

1.3 Phosphate buffer with GSH reduced form w3ouTaelY GSH reduced form
Y51 0.15 n3u Ainaslu Phosphate buffer pH 7.5 Y5105 50 diadans auldensazaiw

IUNUA

1.4 PVPP (PolyVinylPoryPyrolidone) ~ 31nmMInaaedas l4ensHluysum 50

losiFud vealSinaaslszneun s

1.5 0.12 M PNPA (ParaNitroPhenylAcetate) @381 1aald PNPA USuai 0.1 n3u

a a 4 d I 4 a a Aaa Y
wuaslwenaueanegea 100 wWeosikua UYsuas 5 Haaans auldarsazareaurive

1.6 150 mM CDNB (ChloroDiNitroBenzene) t93euTagld CDNB 1USuar 0.152

@ a a J I3 I a a aa Y
N5y auadluenateansgea 100 Weswua Ysuias 5 daaans aulvaisazargauriua

1.7 150 mM DCNB (DiChloroNitroBenzene) w3euTaeld DCNB USuar 0.144
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2.1 J\5zvia1s PNPA
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Paranitrophenol product = OD/min x 58.8235 x total volume of assay (ml)

asazang Blank Sample
0.1 M Phosphate buffer (pH 7.5) 2900 pl 2900 pl
Substrate (0.12 M PNPA) 50 pl 50 pl
Phosphate buffer (pH 7.5) + EDTA 50 wl -
Supernatant ( Enzyme) - 50 pl

2.2 S\5zvigals CDNB
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CDNB conjugated product = (OD/min x 1.316) /(9.6 x 1000)

asazany Blank Sample
0.1 M Phosphate buffer (pH 7.5) 1150 pl 1150 pl
Substrate (150 mM CDNB ) 10 pl 10 pl
Phosphate buffer (pH 7.5) + GSH reduced form 20 wl -
Supernatant ( Enzyme) - 20 wl

2.2 S\5zvigals DCNB

= aan 4 a 4
msfAnplgaseveseu lxingar InTou-ea-nuamlesd 91nns AT

a [ a 4 4 [

f150¢a18 DCNB Iagidiua1sazangadnnsng 3nsieH laelHn3ed spectrophotometer  114A1
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CDNB conjugated product = (OD/min x 1.316) /(10 x 1000)

CREGHGRE] Blank Sample
0.1 M Phosphate buffer (pH 7.5) 1100 pl 1100 pl
Substrate (150 mM DCNB ) 10 ul 10 ul
Phosphate buffer (pH 7.5) + GSH reduced form 200 ul -
Supernatant ( Enzyme) - 200 pl
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