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Abstract

From the investigation of serum cholinesterase level of 504
agricultural workers who had been attended in Srinagarind hospital,
Khon-Kaen during April 1988 to March 1989, we found that only,ﬁ;96 [4
of the patients investigated had low serum Cholinesterase related with
diseases. The other 11.31 % had low serum cholinesterase without
reiation to diseases. When compared to 81.35 % of normal serum
cholinesterase level, the proportion was 1 : 7. Form the interview, we
found that their behavioral practices of using pesticide were inproper
ingeneral. Most farmers did not aware of self-protection. A decline in
serum cholinesterase correlated well with seasons. The serum cholines-—
terases were significantly lower in winter than in Summer and Rainy

Season.
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Specificities of Mammalian

AChE and BuChE Toward Selected Substrates

. K; and Ks:; Values® for Various

Reversible Inhibiters of AChE

Rates of Spantansous Regeneration of

Phosphorylated and Carbamylated Cholinesterase
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The two—pocket model of the active site of 5
AChE. A molecule of Ach occupies the site
with‘an orientation which allows the
relatively positive carbenyl carbon{(C=0)to °
interact with the nucleophilic oxygen on the
activated hydroxyl group of serine. Activation
occurs by by hydrogen bonding to an imidazole
nitrogen as shown. Other hydrogen bonds are
conjecture. The convention of naming the
carbons of the ACh ethylene bridge is also
shown.

UAASTAT IR T T 0 IRISEAY  serum  ChE 21
A7 1,900 mU. /ml. STMIUAIDEISAEAL serum ChE
A9n31 2,000 mU. /ml. HAET TR 1B TR serum

ChE atj5e4iy 1,900-2,000 mU. /ml.
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AsIm 1 Specificities of Mammalian® AChE and BuChE Toward Selected

Substrates

Substrate

AChE

and sourcebt

BuChE

and socurceb

Acetylcholine
Butyrylcholine
Benzoylcholine
(D,L}Acetyl’B-ﬁethylcholine
Propionylcholine
Acetylthiocholine
(D,L)Ace£yl—B—méfhylfhiccholine
L-(+)Acetyl-B-methylcholine
D~(-)Acetyl-B-methylcholine
Phenyl acetafe
3:3 Dimeghylbﬁtflbacetate
_Triacéfink

Tributyrin

100

2{(a)

1.5{a)

33{a)
#7(a)
83(b)
83{c)

54(7)

0(?)

113(b)
60(a)

42(a)

100
330(4)
35{A}
1{A)
170(A)
140(A)
50(B}
2(B})
0(B)
91(A)
35({A)
-14(4)

45(4)
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Note: Velocities are relative to ACh = 100%. Values are based on
saturation or optimal substrate concentrations. Interpretations should
be made with reservation since Kn values are omitted. However, the
table illustrates the classical specificity differences between AChE
and BuChE.

aWith one exception.;elec{ric eel AChE. -

bChE code: {a) human erythrocyte AChE; (b} bovine erythrocyte AChE;

{c) electric eel AChE:; {(A) human serum BuChE; {(B) horse serum BuChE.
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1Uﬁ 1  The two—pocket model of the active site of AChE. A molecﬁle

of ACh occupies the site with an orientation which allows the
relatively positive carbonyl carbon {(C=0) to interact with the
nucleophilic oxygen on the activated hydroxyl group of serine.
Activation occurs by hydrogen bonding to an imidazole nitrogeﬁbas
shown. Other hydrogen bonds are conjecture. The convention of naming

the carbons of the ACh ethylene bridge is also shown.

Reversible Inhibitors

reversible inhibitors lﬁﬂu%ﬂﬁ?ﬁ positively charged N group
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Vander Waal  reversible inhibitors u8y ChE % inhibit SHERYLT TS
POV ChE TAUIUNY anionic site

reversible inhibitors  iSyvan FUsEnauN Y {simple compounds)
17U protenated triethylamine ilac tetraméthylammonium ions WAUDNETS
stﬂamﬁ'i?uiiau {complex compounds} 1%iu d-tubocurarine:

inhibitors ﬁﬁﬁqﬂﬁawaﬂ tertiary amines uJn quaternary ammonium
ions primary Uar secondary amines inhibit 15135{N$137ﬂﬂ“7ﬂ?:ﬂ1ﬂ

P & e PP e “ & od ‘i . . ) . ales
alkyl group TN U TN W W TN TR WU anionic site inhibitor waae

8 aromatic groups 5UB§5UUSZ§$Eﬁ nitrogen
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AVINA 2 Ki and Ka; Values® for Various Reversible Inhibitors of AChE

Inbibitor ' Ki (M) Kai (M)
HN* Ha CHs 6.3 x 10-2 11k 107
ENH:CHs T 6.3 x 10-2 1.1 x 10-1
HENH{CHz }2 2.6 x 10-2 3.2 x 10-2
HN(CH: }z 4.8 x 10-2 4.0 x 10-3
N{CHs j4 (TMA) 2.8 x 10-3 2.0 x 10-2
N(CHs Y2 CHz CHs OH 1.3 x 10-% 6.3 x 10-2
HN{CHz }2CH2CH- OH 3.7 x 10-1 3.6 x 10-3
N(CHz)zCHéCHzCl 1.85 x 10-3 4.3 x 10-3
N{CzHs )a (TEA) . 1.2 x 1073 7.6 x 10-3
N{C3H7 )4 1.2 x 104 2.0 x 10-¢
N{CsqHs }a 6.7 x 10-% 1.4 # 1074
N(CsHi1)s . 3.Bx 10-% 9.0 x 1079
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7.7 x 1675 5.7 x 1074
+ ,
N{CHs )3 6.3 x 1077 1.4 x 10°°
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l
7wt
N* {CH3z }4 {CHz2 j10N* {CH3 )a 5.8 x 10-8 1.3 x 10-5
{decamethonium)

NH= 2
Ty
fﬁﬁ | U//?QET’ 2 5.2 % 1078 -
{
+ +
SY g
| b
CHz —— (CHz )5 —— CHz
gt
!
CHs N
4.0 x 10-3 -
0 CH:OH
i
—C—CH

{atropine) ‘
BN

aK; measurss binding to free enzyme;Ka: measures binding to

the acylated enzyme.
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proton 1 pH #1771 8 sy 19 tertiary N ‘U unsaturated ring 174 N
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Irreversible Inhibitors of Cholinesterases

organophosphate iRt carbamates WGNIu U ChE ALARIALAEITY  UR

i 2 1 2 F 4
kinetics woWUGNIuMINATUIEA ML UONSU ML NATUA

C
R C
1 R
Ny 4 1‘3' ~—1
wi > E —
e R,/ \& ” Y
2 2
Organophosphate Phosphorylated acetylcholinesterase g
#
R 4
R 0 0 1
N i /
c >, Be C—-H

R,/ Ny - | \x,

Carbamate Carbamated acetylcholinesterase
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Phosphorylated acetylcholinesterase FeAIA I react ivators)
208 LU L DA aging” ﬁaa:1ﬁa1n15ngnnszﬁu{reactivate) WnAUNIDY T
active form W ﬁauﬂﬁﬁzu:xjawuwuﬂuﬂWﬁﬁawaﬁd TRl carbamated
acetylcholinesterase Sruinedn dwann  hydrolyze 1ﬁnﬁuuﬁaé1u§Unav
enzyme daae

Spontanecus Regeneration | Aging U@z Heactivators

Spoentaneous regeneration

A7 DURYTBY  organophosphates  HAx carbamates éanﬁUﬂvﬁuﬂuﬁjﬁaﬁ
acyl — enzyme intermediates uﬁzﬁﬂﬁﬁsgjﬁauﬂﬁngﬂﬁﬁunﬂﬁﬁugﬁ enzyme
phosphorylated ChE ANAWINNTT carbamylated ChE u#Be Wy 19NATNATIANATIOY

phosphorylated ChE  (USHLALAY WML ﬂ7wuﬂwﬁ7§ﬁ%ﬁaéﬁu5ﬁﬁuﬂﬂﬁwawnﬁuﬁ
UMY phosphate UAzUUABOY ChE MI8HWIYW half-life 98y dimethylphosphoryl
AChE aﬁnxﬁﬂxﬁaﬁuﬂvﬁauug (rat) WL 2 T7Te TR USHU LBy half-1ife

P9y diethylphosphoryvlated enzyme (Nay 2 dimethylphosphoryl AChE
P UEASUALAE AT 5 T2 Ty dimethylphosphoryl AChE 3711  LimiADA

UANTEINSEANLN half-1ife WU 72 W AAWAY half- life Yoy diethylphosp
horyl ChE 30 serum WUIWI 5 1Ty AR half-life mov diethylpho—

sphoryl BuChE %71 serum TOVAULWIAU 30 U NTUMUitEEY choline atom 1

nay  alkyl phosphate 3¢ 1N INNEATINTTLAA  enzyme  BFTE 3N T
dichlorethylphoesphoryl BuChE 970 serum LayAu % half-life ussum 20 wm
T diethylphosphoryl BuChE & half-1life 30 u Faminuividazawn
NINNTIOY 2000 190 W12 BRINAN chlorine A5 3 UFAVAT half-life
78y alkyl substituted phosphoryl ChE %ﬂﬁ? half-l1ife P8y phosphoryvlated

ChE  simud 1w siaw carbamylated ChE 2 a7 PwutouRn  N- methyl
e N, N ~ dimethyl carbamates ARLRWNIN ‘carbamylated BuChE fAvéi1

yINNTY carbamylated AChE
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DAIZYUNY pH
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AT 3 Rates

Carbamylated Cholinesterases

AChE(rabbit}
ACHE { human)
AChE (eed}

ChE (human)

AChE{eed)
AChE (eed)

AChE{bovine}

uﬁticarbamylated AChE i1ty 'enzyme

ot Spontaneous Regeneration of Phosphorylated and
Temp. 102k
Acylgroup: pH (e¢) {min-? tis2
Phosphates
o .
I
{CH30}2~P- 7. 37 B.5 B2 min
o
i ; :
{CaHsQj)2-P- 7. 37 0.2 58 hr -
o ,
. § : : , o
(C2Hs0)z=P~- 7. 7 0.0618 27 days
(8]
o ._ | - s
{(C2Hs0)2—-P~ 7. 37 0.016 30 days
carbamates
o
. I : . S
Ho—-N-C~ 7. 25 400 1.7 min
o
1 | | -
HCHs -N—-C- 7. 25 i8 38 min
0
H .
HCH3 ~=N~C- 7. 25 11.3 ihr
0]
i
{CHa jz~N-C— 7. 25 28 27 min

AChE {(eed)

10
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H

AChE{bovine} {CHa )2—N-C- B.0O 25 12 56 min
0
il

ChE {human) {CHs j2-N-C- 7.4 25 3.3 3-5 hr

Aging %50 Dealkylation

o T - o¥ - &
phosphorylated ChE ﬂwyWﬁﬂQﬂ;ﬁayuﬁﬁ;Uu enzyme NS IMNSNTTINATULENY

e . oJ . ¥

HAZINNINIEAY DIRILTUALSEUZ LTAWM enzyme NNBUEN phosphorylated ChE
g o e o 2 s e o ol

[ LARLGNTY TEUN TUFD W T VSRS LURBWUNAUNT LU enzyme DFTE WM

o« a . . 4 & a a o, 9 . -
govavitunsidy  alkyl group 1Uﬂquﬁuv ﬂﬁ&ﬂuﬂgﬂﬁaﬁﬁmﬁlﬁxnﬂ aging w9
] o= e ot g TN O
tthudgnae dialkylution #aud ~b\\l| - 4
P oo EY H +_ECH
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RO

Free enzyme

E,C 4 P_0
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O_Z 4 H 4DROH

Aged ‘enzyme

Aged mono~ alkyl phosphorylated ChE AvAIIANIT  dialkyl form uav
v oo & v e 3 o
U aged form ChE 1uﬂ7m1inqnmﬁﬁuznﬂﬂuiﬁu DAS1ONNNS aging PN

alkyl groups WRLUUATBY ChE

O ‘O
4 ! 0 "'I‘ Oi
iR Y "_: :L "y D - N
RO )z P_0O s B

-~ C -

i
phosphoryl ChE phosphonyl ChE



_half-life wouniiuieniiu aged-form 1ﬂéﬁuudav‘lﬁ'ﬁuufimﬁﬁwmv’m #7
DHN L T aging half-life ¥DV diisopropyl phosphoryl AChE YD 133R L ADA
UANTBNALMTY 4.6 TRy HeAniuSiu sy diethyl phosphoryl AChE aging
half-life WL 41 ¥2Tv ARSIUDYNS aging  PAMLEID pH anay uax
aging ONRUANTAY ionizing group éﬂﬁ pK 6.4 uanawﬂé aging ﬁu%uﬁuqmuqﬁ
AL LT BRSNS LG aging ¢ ARty 10 v ﬁa'aqmaqﬁﬁiugua’m 30 .
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Reactivators

. éq‘, =4 i [% . ..
Fradsensu T lunTvasovlun19i1du reactivators UTTIAIY  nucleophile
VURR BT RES quatefnary nitrogen— promoting- group ﬂéﬁﬁﬁﬂ?ﬁﬂﬁzﬂﬂﬁ

3 e & 4 . «
nucleophilic 1AUA hydroxamic acids UAY oximes :-—
s

0 7 + n

“ Py ‘ ;\\
R G _1CE S C . 1I0H
-\
Hvdroxamic acid ) Oxime

,

-

£ ’
“y  Oximes URg hydroxamic acids ¥ Oxygen DU nitrogen 1BV

- v e N
nucleophile HaF W ITOUARRT RGN —

0 . ‘
-0
o= W — wt
3 N . e
CR- G-I o RC— KO +
Hydroxamate anion

RHC = NOH —— RHC =— NO- + Ht i
l

Oxime anion {

E2 3 ]
reactivators  WSNBVAMEBSNI Tyt RE Ty H IWBUNY nucleophilic
Jdu’ &£ L » i . s ) A
Oxygen reactivators - WIMHARDUNNAN  quaternary ammohium [WBHNU

anionic site
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v el Y . [V RN s
ANIBUW L BUNSRAY 1T 2 - PAM reactivate lgAn3n 3~ PAM 30,000
. g e o . @ e 4 .
it 4 — PAM B0 tvin uanawnunﬂiuﬂsziaz1quﬁzﬁMﬁn1w1un13iUu reactivator

d'uy ! e‘u & £ L= o v a:, Vi o »
VRRASE (T 2 — PAM wMUﬁzqazuﬁﬁzﬁuﬁn1Wﬁn7ww1wuu LN 50,000 1w

X
[\\ Z
= IICH I CH =08}
2-PAM Pyridine-2-aldoxime

Useuan W reactivator WLINUSTTYREDY phosphorylated group
L4 ChE  uaxwtiAwoe ChE 189 #I0UNIT4  diethylphosphoryl AChE nn
reactivate T988 nicotine  hydroxamic  acid methiodide W5
diisopropylphosphoryl AChE (DIPACAE) oy 30 197
0
H
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5. AWouluGy 3 Ataxia
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7. vital sign &7uTwgey i naeng
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2. 809N:TUWONINA  (Organo phosphate  pesticides) AIBENITU
parathion, malathion,diazinon iUuAY Nﬁiﬂﬁ?Uﬁﬁ?ﬁﬂﬂéMéiﬁﬂlﬂﬁéﬁ?ﬂﬂﬁﬂﬁ:gﬂ
enzyme mixed function oxidase {MFO) éuﬁaéﬁuuuav ﬁﬂfnnzﬁu activate I%
Bé1u§ﬂﬁ active 1¥u parathion N activate idu paraoxon éﬁ active
uﬁv%va:lﬂ%uﬁu acetylchelinesterase %wéauﬁﬁﬂaz irreversible N 2-PAM
WY neziie aging” 16 A © WAWTINEN hydrolysis WnAUL L U

< o 23 2 o - v + . & . .
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enzyme 0N inhibit URLIAA "aging” P ey enzyme TUSISAHIEAINTWAR
ka9 ms oo £5ﬂﬂ7ﬁ£$uﬂ751“§ﬁuuuﬁﬁﬂﬂ o reactivator 17
2-PAM  :AnudUEny I8N WA aTE g enzyme ENAUALAUNG uavUSaE
2-PAM ﬁ?ﬁx%ﬁééﬁunwaaxﬁauwawaﬁt T SHES 2-PAM w1t inhibit
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NITIASURBHULLAUUNAY  (acute  posisoning) nwnﬂwsnﬁ%mﬁmjﬁﬂﬁuﬁﬁyg
Rahi] reactivator {2-FAM) i%?ﬁﬁuﬁtﬁﬂ "aging" R Th] enzyme nﬁuﬁu§
AN WUnE IR 157
3. DoYnETUWIRTIU {organo nitrogen pesticides) Y30 carbamate A7
DEN LT carbaryl, Lannate, baygon 1 s -ﬁﬂiﬂi?uﬁﬂ?ﬁﬂ?ﬂﬂéﬁg @
'uwﬁnaaﬂqméﬁﬁﬁﬁwﬁulau AR INANADENTMS L T L A organaphosphate pesticide
A carbamated acetylcholinesterase BiAvA7 §wsnan hydrolyze i enzyme
'ﬁ active } .
uaﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁuﬁﬁjﬁﬁﬂéu organcphosphate LRE organcnitrogen
pesticide *ﬁﬁua inhibit enzyme cholinesterase HRT TURN ST AU
i IR NARD AL enzyme cholinesterase 117
1. 9iUB@dcholinesterase AARYILMATILAD 1)
1.1 acute infection
1.2 pulmohary embolism
1.3 muscular dystrophy
1.4 myocardial infarction SzfiunDy enzyme ﬂﬂﬂﬁﬂuﬁﬁﬁu; 5 ﬁﬁﬁ%?ﬂéﬂ
LAUTIY enzyme ﬂ:QvéuauxﬁwssﬁUUﬂﬁ
‘1.5 chronic renal disease
1.6 ghumiuiwin
1.7 wigaiasn
1.8 acute hepatitis ufz chronic hepatitis
1.9 cirrhosis
1.10 weiSeiuwsnTe et
o & ' Ha
2. FeAUBAY cholinesterase FVHUTUITIZAB TWUAD
2.1 nephrotic syndrome .
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[a\]
1]

2.8 meningitis

2.7 multiple sclerosis

sﬂuﬂﬁnﬁﬁLguﬂjﬂuﬁzuﬂmﬁﬂﬂﬁ§nswﬁﬁﬁeWﬂﬂnﬁaﬂ%uﬂ%uméﬁﬁdﬁq TN
nWﬁu1$zﬁu£bu1ﬁﬁ cholinesterase ﬁavxnwmﬁﬂﬁsﬁéwﬁ LIS LA RIS
novaefiDu i cholinesterase AUAT S LAY L NEASNS e T TR LY
cholinesterase WAaY éau:ﬁuﬁaﬂugiwwﬁiﬁnﬁsmunﬁziﬁauﬁaqmnwwauﬂﬁm HHATDY
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1. AERASA SRS TN T T WU LA E AU enzyme serum

“§ . L] [ = ¥
cholinesterase SN IMUNAT I IGIHAID0UDY

[4%]

nWﬁnﬁ:anﬂmauTﬁﬂﬁunéuLnHWﬁnﬁﬁﬁﬁ:ﬁu serum cholinesterase ASOHN 13

. 5::‘: = e ud:ﬂ'ﬂdAl
uaz?uumﬂziﬁﬂuuzﬁumﬂuwaﬁﬂHWﬁanﬂwuq1ﬂﬁ77ﬂﬁﬁuﬂm§wﬁm?vuﬁa1u

[ S | F 34 Y Y S | -r .
3. ﬂﬁﬂ75“Nﬁﬂﬂﬂ?ﬁ?ﬁdﬁﬁﬁﬁﬁuﬁﬂﬁﬂﬂﬂﬁaTH Tﬂﬂﬂawnﬁzﬂu serum cholinesterase
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4. WRAnTUNS IR TS AR TNY

A

2. o _ounsa uaxiSns
2.1 gunak
[V/Visible Spectrophotometer{Model Ividec —650 ), Double beam,
Grating monochromator, Wavelenght range 195-900 manometers, including
quart window cuvette of I cm. light paths. |
2.2 3dn
- Pipette u® 5 ml. i@z 0.2 ml.
~ Test tube ¥UW 10 ml.

2.3 §15im

17



2.3.1 0.01 % 5,5 - dithiobisnitrobenzoic acid soclution in

phosphate buffer pH 7.4 (sol® I)

N5 1998 phosphate buffer pH 7.4

A) anh. NaoHFOs 2.8395 gm. ®zAwTuud 300 ml. (NazHPOs.Z2H:0

W 2.5554 g2, AERETNT 300 ml.}

B) KH:PO: 0.9073 gm. arsufduuy 200 ml. o N
Mix “
r

240 ml., of A
60 ml. of B
A phosphate buffer pH 7.4

L TR stock solutien 5,5 - dithibbisnitrobenzoic acid solutien
i []

5,5 - dithiobisnitrobenzoic acid 150 ml. azauiu buffer pH 7.4 50

ml. 317 stock solution 15 mg. ‘iU 5 ml.

(RSN 0.01 % 5,5 - dithiobisnitrobenzoic acid solution

Witm  stock solution 5 ml 1AM  buffer THASUMITE 150 ml.
2.3.2 5% Acetylthiocholine iodide solution {sol® II}
Acetylthiocholine iodid 0.25 gm. AEATEUT 5 ml.

2.4 38m

[ [l
2.4.1 p9inusIoe N

o 2 D & e . % P ~ oo ol 3 4
1ﬁmﬁnvsquznum1EUﬂﬁLaaﬂaﬁﬂLnuﬂsnﬁwuﬁﬁun13ﬁﬂuw?uTsuwu1unaﬁﬁuﬂﬁuws
o g < i, o =4 ™ 2 .
ma:ﬁautqwz1aaﬂmsvalﬁaﬂvu1un7s1umau7ﬁﬂ wumun1%th&amqﬂ7uuan G IIEN
- . ;o P S
taamt 2 ml.(clot blood) WADHALM LLABUN WA UL form  wisSmi il
& o ' v o e - -
wuwuwuxnuw7au1a?u1ﬁb1ﬂmqm Ine BIRTINR LW, 87 URETUATEYTIA ’
2.4.2 3854 {
L4 £ s
1. 1Aos9naulissnm 2 mi. U959 test tube Wy17 15-20 um
M .
‘Ut!l
“inoR clot

v @ P o o o - @ g
2 THIBRNMVITAIAUMANY R0 IA 1T IROAN clot ARUING BIRLUTY i

&
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serum WA 1A 52 Iv0L1M haemorrhage ﬁﬂ1§ 5-10 U™ iAo
clot #d

3. Centrifuge M serum

4. Pipette 3 ml. 0.01 % Dithicbisnitrobenzoic acid (sol® I)

199 test tube (7Y

9]

. Pipette 0.02 ml. of serum {20 Ul) 9894 test tube ifM

[~}

Pipette 0.1 ml. of 5 % acetylthiocholim iodide sol?
{sol"II} 4dTu test tube 1AM
o P - - P
7. U TBNENIINL LRG89 Vortex, mix W 5 UM
o 4 o e & PR
8. M spectrophotometer ¥ 405 nm.#n9 30 MWW 4 ATy (120 WW)
o a . £
(17 air idu reference)
' 2 s o &b . -
S, UWWNIANAWNWYOY  absorbance w30 W { 4730 sec)
v, & - *
oA W BATUA N
¢ ' o » ..
WA 07R7 4/80 sec (4 0.200 T dilute 0.1 ml. sample
£ ¢ e 1 ' -~ ."}’ 3 ~ &
A 0.4 ml. 99w 0.9 % NaCl “i%’?')ﬂ?l'!‘h‘ﬁd WN\N'H‘!‘!JUQ\SFZWHEUW?U 5
10. A1 a4 /30 sec x 23400 = milliunits/ml. {(mU/ml.}
AWNAYEY cholinesterase activity Ui serum = 1,800-
4,000 mU/ml. (AAuDwATILSE iVe)
ATLAATBY  cholinesterase activity gsuisednsTuna
Az TuDBN LYY LMiBRY MY 1, 615-4, 867 mU/ml.

A/30 sec

H

Absorpz — Absorp: = X
= Absorps - Absorpz: = X2

= Absorps -~ Absorp: = Xs

X1 + Xz + X3
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3. HEnISwARgy

FWAITH IO AMTA 504 SBEY U T e enzyme
serum cholinesterase @937 1,900 mU/ml. 82 AU AW 16.27 1Ua<4Ldus
ﬂﬂﬁd?ﬁitﬁu serum cholinesterase ¥ 1,900 mU/ml. lﬂﬂlﬂﬂﬁﬂﬁ@ﬂﬂﬂﬁ

AWng

ot - & s - @ -
ATV 4 Seauou T T IRATNBHEE | NFY ﬂmlﬁusUaﬁlﬁum

Sed L ou T LAY LWRRAT 5B LNATIRI A Y
{mU/ml.) (P {au) (% 970 504 Au)
401 - 650 1 1 .39
651 - 800 2 5 1.38
801 - 1150 5 4 1.78
1151 - 1400 14 7 4.17
1401 - 1650 g 8 2.98
1651 - 1800 13 15 5.58
1901 - 2000 7 5 2.38
MY 2000 149 261 81.35

o . Y . ad w @ . .
LD VRIAT AT A T INTD VA TUARLUN T INAD OYIEWITY 1900-4000 mU/ml.
“ -« 25 o FP o v & O de
ua:nwwuzﬂuwuuuwuagﬂuLUaﬁLﬂuﬂvaﬁ cholinesterase izl inhibit AR WA A
- -"}' _‘!Jr.af.: £
2,000 mU.ml. w4 19vI N AnnLLRT
IINFTTIN 4 W BTV MNAIDL TINSEAL serum cholinesterase ®IN7
1,900 mi/mi. Lﬁu 1 9% 5 IoVRWIUATIDLIISEAU serum cholinesterase gﬁ
N7 2,000 mU/ml.URENIWOIUAISHINNGEAY  serum ChE BE7EWI 18061-2, 000

mi/ ml. 12 Au ARIT 2.38 % wio 1 4 34 U0V MRS IWESEAL serum

Lol



[:]aﬁuduﬁjaﬂﬁoﬁﬁﬁﬂﬁ:ﬁu serum ChE &)
2,000 mU/ml.

EflaﬁuvuﬁvaéwuﬁﬁﬁWﬁxﬁu serum ChE #7177
1,900 mb/ml. (16.27 % ) uiiviiu

o ~ ' d'u -~
- 4,96 % IUUTWUATIDYIIMNSERAY serum

ChE #1077 1,900 mU/ml.  Suo it
4 =
PINTIAN LI

- 11.31 % iueTMURRY RIS

E§§aﬁu1uﬁ7aﬂnﬁﬁ§ﬁﬁﬁzﬁu serum ChE oY
42y 1,901-2,000 mli/ml.
U 2 UARUSATIA NI NI MOUAIDE TOERY serum ChE AYNT 1,900 mUsml.
v e ode . . e de
PR TDYTINITEAY  serum ChE §QH71 2,000 mU/ml. URE R RITUAIDH TS

FeAU serum ChE 89:winy 1,901 - 2,000 mU/ml.

ChE qunil 2,000 mU/ml. TUAIBE T UNAN Lﬁunéwﬁxﬁnﬁﬁan1ﬁ;ﬁﬂﬁu
-~ » ) & & * H F L v >
FHITERYU serum ChE g'wmi1ung LﬂuﬂqwﬁﬂzﬂaﬂﬂaULN7ﬁ37ﬂ

FROLFIDEINMNSEF  serum  ChE DHTEWIe 401~900 mU/ml. Twiuin

2
=

hmsfuifouinem fvwuhoas 9 A WAL 9 AubesuRETR 015 1 Au
Mz LTS HEAnSE I WP & 6 Au TRy 1 Au nuRgAR 1 AU éuquuqﬁqmﬁu
EuiﬂwﬁwuﬁwzwﬁiﬁiﬁﬂawnuzL?ﬁn%aiﬁﬂawnﬁn ﬁﬁﬁu%sa§u15ﬁ1ﬁunﬁuﬁﬁﬁsﬁu serum
ChE Mrsn TuAul LIRS L D T R TN TRER enzyme LAY

TAUNINR NI I | 59
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o Ve ) .
A9 5 Tﬁﬂﬂuguﬁzﬂu serum ChE #1737 1,900 mU/ml. TUingTe Uaz 1WA

& o &y & o s
WY AR LUK U L LR

AL %R LWATY WP
{Rid) {(Au)
1. TaR#L 5 2
2. Eizh g 2 -
3. T 7% 3 6
4. AU L o W 11 6
5. Tamion 2 -
8. TIALS L IARA - 6
7. T9RNE L5 4 9
8. TAAT R - 1
9. 5 1 ADA 1 -
10, 190041000 2 1
11, Ciei sl 2 2
12, 2 -
13. {smoouinay 1 -
4. Wwie 1 -
15.  dnessn - 2
16.  HOUW 1 -
17.  dwalis UIensEan 2 2
18. TR 2 -
19. luanonns 2 2

TBIAMIY L3S L e
LWEREN (AL ) .90 B2 AU
7. 8.53
2 2.44
3 10.97
17 20.73
2 2.44
6 7.32
13 15.85
1 1.22
1 1.22
3 3.66
g 4.88
2 2.44
1 1.22
1 1.22
2 2.44
1 1.22
3 4. 88
2 2.44
4 4.88

[ e



o . el L . W e e o
IMATITIN 5 TIAMUNEVMITUSERY serum ChE mRay 1Auf dusum 1, 7, @

r

¥4 C B4 L o de
12, 15 aruu 1401790 (U8 UDDRTWMIENA 25 AU ¢ IWRETNIUANSEAL  serum

ChE wﬁﬁuawatﬁavuwavn?ﬁﬁﬁﬁﬂﬁwuﬁﬂjﬁﬂﬁiﬁu inhibitor %8V enzyme serum ChE

. a . v . & . I
TMW B2-25 = 57 AU ARIUY 11.31 % 99RROUATDHIGAIYUNA LA W 57

% 4 o \ £ e o det
LU zuaqiﬁﬂm;ﬁu BIRWITORLUDA 1A 09 L LUEIWIINNSL S Ay enzyme serum

o S e w %]
ChE A8y ANTT WU ivBUERE U 2

J o k3 - <4 . d“i -~ ot *
AITM B Wf}ﬂﬂ"i“m'luﬂ'ﬁ'I'ifﬁ'??ﬁﬁ"!i]ﬂ?!?ﬂ‘ﬂ‘l“ﬂﬂuwuﬁsﬂi} serum ChE aAnm

1,900 mU/ml.

«
FRINMChE

N o s @ v e
PRI #1111 800 FNETUNH TS % WATAaY
-~ . . o
ANUREAT Y T (A mli/ml . 1909 (P 3N 57 A
NI (Fd)
v ) :
T ST 35 8 27 47.37
& -
T 1 thauapswx * 25 10 15 26,32
iy 7 2 5 8.77
(usAld > 1 1)
i Ae T 15 5 10 17.54
74 82 25 57 100

* 1515uﬂﬁt%ﬁ

It

v o« &
% Piguuensy
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AW 7 ﬂﬁﬂﬂﬁﬁﬁﬂﬁﬂﬁwvﬁﬂqﬁﬂﬁxnumﬁnﬁﬁﬁ

i) T (AU a4 TuAn 57 Ay
Organophosphate 27 47.37
B 20 ' 35.09
BiAyY 10 17.54

584 57 100

T 6 i 1uﬂuﬁﬁﬁﬂﬂﬁﬂsﬁuﬁﬂgﬁﬂ;ﬂuﬁﬁzaﬁazﬁszﬁu ChE #1
NIWUNARY 47.37 % ueuiliithuoasy & serum ChE  AUNUMRRLRARVAD
26.32 % uﬁiﬁuﬁﬁﬁﬁqanijﬁu%ﬁuauﬁiﬂ;ﬂyﬁﬁﬂﬁﬁUﬁwuﬁmzﬁﬂtaﬁﬂﬁuﬁ serum ChE
AR ﬁmﬁuvuqund1n§wﬁ@ﬂaﬁﬁuﬁﬁqﬂﬁﬁuﬂuwuniw 1 TuR1(8.77 %) v nuhy
17.54 % xwaﬁwaa:aEU7ﬂlﬁﬁvnéuduanin1ﬂ1ﬂu1ﬁtmﬂgu ABUHULNEUR B BIRTIA T8
1DueSy %ﬁawaazzdaoavnﬂﬁiuqﬁwcﬂ

avnﬂﬁiﬁvﬁ 7 AT T LU Hﬁsﬂiwuﬁﬂjﬁﬂﬁanuﬂﬁnsﬁuuﬁﬁgu ﬁé“Jhin
Organophosphate pesticides ua:ﬁjﬁiiﬂﬁuﬁﬁaa parathion aéx&uiwaﬁuvuéﬁlﬁ
wIwtATE s IS AR TR 35,00 % HBSADEUAE

USENTINISA ¢ L TRSNSR I MeEN19AnE R ﬂﬂﬁﬁazﬁau1Uaﬁ§aN1ﬁ1ﬁun1uw

» 1 ]
SennE LU LU RN

H -4 - s
yaen1igy lﬂEﬂﬁﬂ?ﬂﬁNu1“58ﬁﬂﬁﬁﬁzuaﬂﬂﬂﬂﬁﬂdﬁ?ﬁﬂﬁ?UﬁﬁEﬁﬁwﬁﬁ
ﬁquﬁ:nvﬁuﬁnﬂwazLﬁu1u1ﬁh1ﬂ53m aﬁava1n1ﬂﬁ:uquaﬁaz1ﬁaauuaﬂvﬁwwaw

SRR TR Iy T

g vl P



g B

,”M_MN;MW_,M,»"*
ﬂsﬂﬁvﬂ !

=) v v
. UMV dpveuInY
AW 8 wnﬁnﬁﬁuiuﬂﬂﬁﬁauﬁuﬂu1avszuiwunn%TﬁHWﬁuﬁwuﬁﬂjﬁﬁﬁunéuxﬂuﬂﬁnﬁ

WiTzAu serum ChE #1907 1,900 mU/ml.

4 - . 4 4 Iy

Ao TR L B Y RTey 1UDS 1 TuRR N 57 AU
o4 t 3 &t
arnuTasTdwunn - -
o e Ery re
aavTaE TR IR 5 8.77
Qe Tan BiTTReunte 42 . 73.89
1i1Au 1Y 10 17.54

5B 57 100

o - . - . da o
AT 9 wWORNTIT ..!:Uﬂ"l:i'it‘j‘ﬁTﬂﬂﬂ"lﬁ@mm‘?ﬂﬂu‘luﬂa’“ L AHASATVINSEAY serum

ChE &M nmn 1,800 mU/mi.

AFTIAN MU iUa%itusen 57 Au
24 LuliDAY 18 . 31.58
ot} TAan - -
T L AEAWAY T 28 50.88
i 1 Ae 9 10 S 17.54

nNe

RA
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=‘l . £ ar N gu » 2 d'
FINAT I 8 UAS 9 AVTUBNNUAL L DYDY | FUATNT LU NIMUI DTN Tonanas
& 3 od N ’ . «d
1ﬂiuﬁ1$uﬁwuﬂﬂ§wﬂiﬁnn1ﬁﬂwn1a1%71ﬁmn1n
AW 10 naﬂqﬁw%wavawnﬂﬂﬂaﬁﬁwaéaisﬁu serum ChE ‘lLinuASNS WiSeAL

Serum ChE a1 1,800 mU/ml.

_ . . & o
nn T TR ITUTIVIRLA - % YauABY 1M ChE
(P (e ATUIANEDR
qATou(N. A. . b ) 6 91 6.59
anRU(N.A. AR, ) 18 139 11.51
ORMUTI(N. 8. NN ) 60 274 21.90
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