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In Vitro Reactivation of Acctylcholinesterase Inhibited by Parathion and PAP
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Acetylcholinesterase = o & ol FIH A S
el gler Xa M fEIE v Ea2A
(KaplanZf, 1963; Branley%, 1971) Leuzinger $+ Baker
(1967} g3l Electriceelo]l 4] H 2oz A 4
e E L SEad 22 EBRS 2ot 59
of it o8 #7144 2 Carbamates & gl
feReA Hslst Hol BHEIREE T A v FnERE
S vede] Eike s 443 MES Skkdx g
1951'd Wilsone] hydroxylaminee] $$i® 42 W
JEREA N E A7 ST wdl Lke o8 5o
BitrtAb & 4 (Nucleophilic) o) [—&t #4#o] o4&
JEEERE Yl ae AL 44 FHglew 24
5 o8 OximeAd A7} 743 fF37 £ A@FdyA =
A m geovt WA EERAAY ALE e g gz
A Zekd, ZElel el SEvad AT B
g fE # £F Felslm = AL Bad BE
oleth ool B AAE S atel A 1A de) Al
SoAE RIlAAA EEESLEH A 251 5 |l gle] o
CEae] vl A= WIHIfEAY BEe Ed 2goen =
ool Fool AAHE Fast AFAAA g8 A Y
e BEC S il EBRstd xgldh

RedbE H Bz

1. #FmEk Ghost HiE
A7 10522 ¥ AHdEY S 38« EDTA
R A ¥ 2,500xgs 1087 93
34 A5 buffy ceat® BrEFZ) S5l 0.9% EH
REKE 39 Aa AYA % A28 FEAE
AL A 2 Maddy(1966) FiE& A}&35« Ghost

2 A 23l o H), 0.005M. phosphate buffer(pH 7.4)
S g g2 #iAzl chg 20,000xgE 4°Col A 4R
| EBEEANA gleld A7 S3des
F A2 AL AA GhostE 2929 Lowry(1951) 5
el ol gte] whokg 2753,
2. HEE W EHER
717 & Acetylthiocholine iodide (Asch I, Sigma 3| A}
A
o A A : 0, 0-diethyl-o-p-nitrophenol thiophosphate (95
%) (parathion, %35 3gof=))
Ethyl ester of 0, (0-dimethyl dithiophosphoryl
phenyl acetic acid (95%) (PAP, §3ox))
A &4 A ¢ 1-methyl pyridium 2-aldoxime iodide (2-
PAM, Sigmasz] A}H|)
WA A oF ¢ 5-5~dithio-bis-2-nitrobenzoicacid (DTNB,
Sigma 3] AHA] )
3. Acetylcholinesterase; S E Rl HE
Automatic recording spectrophotometer (Gilford3] A
A, Model 2500% Ahg3ted Ellman(1961) Fie] o
Ste] 412nm, 25°C, pH7.4o]4 4 EE =3 31g) .
w52 RERe] deolutrh.
H,0+ (CH3)sN+CH,CH,SCOCH; ——
(CH3)sN*CH,CH,S~+CHsCO0 -+ 2H+
(CH3)sN+*CH,CH,S~+RSSR(DTNB) —
(CH3)sN*CH,CH,SSR+RS (5 thio 2 nitre benzoic
acid, yellow ion)
#Z4 =< international unit (g moles per min per
m)E EAHG,
4. Acetylcholinesterasef Bi%®
S FE7 2.5mg/miel HEE 3] 4% Ghost 50l
% 10°M DTNB 5045 &#¥ 0.1M, phosphate
buffer (pH 7.4) 3mie]l ¥& w8, 7.5x107M,
Asch T 29 25008 Qo4 23390
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5. HHEIME

A) parathionel]l &% oA

parathion& o et5el 3o 4.3x107°Me] ZEEY
£ orsgirh. o] £ 5u0 Y 10p08 WEle 7.5x1072
Mo Asch 1 25ulst @7 DTNB® #xmE Ghost?} &
o] 9& 3mlg Celle] do] Bfe]l =& 24T =Y
WEs FAgede. (A EFF5E;7X100°M 9 1.4x107¢
M) =% 919 parathion ZEE49-¢ 0.56 X 5p4 B
3}o] Ghostet ¢t =} DTNBs Eol 9l& 2mie] &9
o] ¥m X, 10%, 158, 20%, 30%, 60%, 120¥-%
oF 77} incubationA 1 F Asch 1 25408 dolA IR
B|AA A7 WE ELRAE oAE Bmadd.
(3] & parathion %= ; 1.1x107M ¥ 1.1x107*M)

B) PAPS] o3 Ml

PAPE o glie] =o 3.1x102M8 E2 &
Eqich. o) & 5 @ 10pE Hdte A4St DTNB
7t £ E 3ml Celldl 42 ohd Az =2 24
£9 A F Fasgd. (AFFE;5x10°M 9 1x
100M) =% 19 2549 0.5p08 5plF Hisle] Ghost
¢ k3N = DTNB7F €< 9+ 2mie] $d4) o
5%, 108, 15%, 20%, 30%, 60%, 120% ¥¢ incu
batien A 2% Asch 1 25p03 gol RIEEA B
WE gAY s ARG (BEE=:7.5
x10°M & 7.5x1075M)

6. FRMERE

4.3x107®M9] parathion &=} 3.1x107*M2 PAP
49 -¢ 10ud Hestel Ghoste} ¢33} DTNBsF £of
g+ 5mig &9 @o], 40%(parathion) 20%(PAP)
A HE HaE QAN o+2 8x107MY 2-PAM £
9 5ple} 20ulE el 108, 30%, 60F, 1208 #9
EEEES A9 (2-PAM B8 5= ; 2x107*M
2 8x107M) FESAE ¥4 ¢ JA4 &4 Con
trol 2 AFE-3 o

O
$g 9

" B E R

1. Acetylcholinesterasefif
1049 MBS FLBAH =+ 11,8531 80umol/
min/mi%g ©}.
2. SIHAE
A) parathiond] 2]3 3
parathion®} &9 REG < HiEd 44 Agd
A e 7xX10°M9] parathion AH 4 & & 3029
82.3%2] AdAJ} Yeow 286 83.4%, 10%e] 85.7

%, 158 86.1%, 20% 87.7%, 30%-o 89.5%,
35¥el 91.7%, 45%°] 94.5%, 508l 96.3%5) o4
7b vherkeh (Fig. 1) 1.4x107M. A83g ¢ ==
309 82.0%, 28] 83.4%, 6% 84.9%, 10% ]
86.1%, 153+) 88.9%, 20%-°] 89.6%, 30%<] 92.9
%, 45 96.7%, 50%<l 97.0%2 oA & el
A FEF S 5 A7 Ao Bl dui
A48 H¥E e gt (Fig. 1)

iribition

80

Percent

751

&
P

0 20 20 40 50 Min

Fig. 1. Inhibition curve by parathion without prein-
cubation of inhibitor and Enzyme at pH 7.4,
25°C.

@-—@ parathion 7x10°°M
A-——A parathion 1.4Xx10™M

parathion® E4 % FiREAN T 3 WHR
€ 1.1x107°M& A48 ®BE 587 26%, 10%&
o 7F 33.49%, 308 T 58.3%, 60%d 7} 75.0%, 120
HEosb 91.7%9 A7 vehdeyt 1.1x107'Me]
parathion AME B S5EW 7} 80%, 1087t 92.9%,
1589 71 94.0%, 20¥ 7+ 95.8%, 30%d 7t 97.3%
9 A7 v 94 FEd HE 94 &9 F7
7b dglen Aztel wtekA hyperbolic curved ehd
gl ). (Fig. 3)

B) PAP<l <& 3D

PAPS} sA % HEEA o= BT 48404 2
W 5x107°M9] PAPE Al88 R & & 30%] 82.6
%, 2% 83.4%, 6%l 90.0%, 108 91.7%, 15
Fo 92.8%, 208 94.8%, 30%e} 97.0%, 35&-
98.2%9 9AE Vehigler, 1x107*M9 PAP= 9
AARAE W 302 88.2%, 2% 90.0%, 6%
94.5%, 10%e] 97.0%, 15%9] 98.3%9 A& e
Wslod parathionzt e}371A 2 Fxe] =& A3
=9 F77F g9l et parathionschye WA =2 4
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%2 ¥ whzA e PAPSY E4 S MEEAZ

o ol BIER MBS 7.5x1078Mel A 2o &= S5& 7}
o - 65.3%, 109%%) 7} 70%, 3084 7} 75%, 605147} 70.2
1 / / %, 12089 7F 83.4%9 A7} Jelsten 7.5x10°5
5o 8 9 M A3 e == 58971 91.6%, 102417 93.0
£ %, 15297} 94.5% 20207} 95.8%, 30%c)7} 98.0
. e %) WS e ol parathion® ok B #eA vhepst
g 80 . (Fig. 2 9 Fig. 3)
t 3. EEMNE
s 8x107°M9] parathiono. 2 o 4 A 71 & 503 5to] 93.4
E— 70 RS 0 Wi %ee] oAt velges 2x107'Mse] 2-PAME El
AFHAN T 10E 5ol = 5099 #47) Vel oo,
Fig. 2. Inhibition curve by PAP without preincu- 0¥ Fl & 33.4%9 A5}, 0L Fo] i 44, 0% o
bation of inhibitor and Enzyme at pH 7.4, Az}, 1208 Tl = 50.0%9 oA 7 YEA 3022
25°C. - 1 -
®—@ PAP 5x10-M A Fee ALY A=0 Fu4 d380] A e
A— A PAP 1x107*M Ao 8x107MS] 2-PAME A1 4389 i 108%
7} 33.4%9 oA &, 30835} 17.4% 9] oA & 602
%00t 100
90t / 90
' 80 80
70 70
60 60
50+t 5 50 ‘q\ __________ -
5 5 o
'g 40 € 40 \ -
B ) - U —
£ v w -y
30 g X N e
= P \ e
8 & N T
& 2 20 v
10 10
20 40 80 80 D0 120 Min 20 40 60 80 100 120 Min
Time Time
iFig. 3. Inhibition curve as a function of preincuba- Fig. 4. Reactivation of parathion-or PAP-inhibited
tion time at pH 7.4, 25°C. RBC by 2-PAM at pH 7.4, 25°C.
@—@ parathion 1.1x10°°M [ TRERES @ para-inhibited enzyme+2-PAM(2x 16-M)
A—— A parathion 1.1x10~*M A A para-inhibited enzyme--2-PAM(8 x 10-4M)
O—>0O PAP 7.5x10"M O——0O PAP-inhibited enzyme+2-PAM(2x 10~M)
A——A PAP 7.5%10-M A——A PAP-inhibited enzyme+2-PAM(8x 10-¢M)
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27} 25.0%9 A%, 120837 33.4%9 A€ vt
ol A A 3022 AuA FEE AFAAEIL &
87 A Fsast.

6x 10°5Me] PAP=z i#iA 7 5 30%kol 94.5%4
A4 & ehigion, 2x10*Me 2-PAME ¥ 10
2ae 4 ¥4 AAE 66.5%, 60LFS] 9
A 65.7% 120839 AA = 66.7% % vEbdel 4
A 3088 A Re g ses 4ot e

8x10Me] 2-PAMe 2 4447 4$€ W0EF
40.0%% <A S, 0¥EF7F 36.0%9 AdAE, 60+F
o = 36.8%9 JA S, 12085 37.5%9 AAE
vEhde] 30857 s FAEHEE ez
B#E s3e A g2 1%l Control 4Al = 94.5%,
96.79%, 97.2%, 97.2%% xd A #FTGE BEF
e ars ] gerd(Table 1 8 Fig. 4).

Table 1. Reactivation of parathion-or PAP-inhibited Erythrocyte by 2-PAM, ai pH 7.4, 25°C.
(Enzyme preinhibited at 25°C for 40min. by parathion and for 20min. by PAP)

(% Inhibition)

Parathion~inhibited enzyme

PAP-inhibited enzyme

Time after

addition of

; +-2-PAM +2-PAM +2-PAM +2-PAM
2-PAM{min.) Control (2% 10-M) (8% 10-0M) Control (2% 10-M) (8% 10 4M)

10 93.4% 50. 0% 33.4% 94.5% 66.5% 40.0%

30 96.7% 33.4% 17.4% 96.7% 63.4% 36.0%

60 97.2% 44.0% 25. 0% 97.2% 65.7% 36.8%

120 97.6% 50. 0% 33.4% 97.2% 66.7%5 37.5%
Hetz vt fZas A7 A (Ach EXS fERA A S
# B 7ol f71dAAE PE AAS wlaAd AT e 3

193913 Nachmanshon®} Ledererzt 7|23 o)Al A
202 %5 BEYW Acetylcholinesterase™= #A 4
. (bR k] Hte] W WiEert EASH = 3
o, 2ZA % oelxa Ml dlel4lE Butyryl
cholinesterase ®.=} Valine, methionine, tyrosince] B
o] f1&xle]l 9o} Serine, glutamic acid, glycine,
alamined A7 §HHe) 9= Aoz A2 AT
(Augustinsson, 1971) 203 Wilsone] active center
X Anionic sitef} esteratic site® FAH o Atz T
Aty v & A anionic site® glutamic acid= F4
5ol 110~150A =79 o] && 2 & 4 o= Foi
zokolatm Ww gon, 7 cholinesterase’l Van
der Waals forcez AYEL F4T F 9= H4Ald
Acetylcholinesteraset= Coulombic forced] ¢ & A §lo]
o]Zo] Avtz Wz ¢t (Augustinsson, 1971; Brim-
blecombe, 1974; Kitz, 1973) KEel
serineo] BELE, tyrosineo] BAEME < F= Uvt=
o 7. 9l c}(Augustinsson, 1971; Kitz, 1973) Edropho-
nium, _tetramethyl ammonium ion Z£¢] anionic subsite
oA 2 FERET, 74, carbamate#] A, me-
thane sulfonate®] 4l $-¢] esteratic subsite &A= {F

esteratic sitexT

o] A o] FAS esteratic sites] Y+ uwl=mA A A}
FHT serines] ‘0] FA A KEHAS AAHE
oA Hetw AAdm . ABAY BESL v
ARAAGA R pm gl o), Kitz8(1973)-& active site-
o4 A7 AR AR FEed A7 oA Fy
E Yedd sz FE30 EAYEAM S £y &
HHEED v <A v E4E AL F, e
Yo Ay Agddnel A ABE FA gl
A HfTE BRE W2 EiEdd =z Adass 43
st e, FiEY A S #E A5 active
sitze] SR FEEHE FHF AAAS =], AL
Ao, Anttzm GAY JARTEE o1 E F 4
o] Al A ok gt A,

Kitz% (1973)& 9AA o R8s T4 =
? B45e A4 ALtz BGth. Metcali%
(1965), Durden I Weiden(1969), Nikles (1969)%-2
2l KiEEE (leaving group)e] O-{b&HE o Y& A
2} S-{bEWE ol A& Aol 5~104 i choline-
sterase fEMe] ZAstetz wg et H, 2 €L 5% 1A
phenylel 4 o] ‘71 ikt F7iso WHK &
AR5 7HAA = o] anionic sites] AF AFH o F
A He Aol REC stz By, RAZAANE S—
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phenyle 713 PAPe¢] Q-phenyl% »}# parathionx o}
AN A S5} vhe], o stA vebget. Heath (1961)
L 2x107*M2 parathione 2 50%9% <4 & el gl
i, 107%Me] paraoxon®. & #& A& vl AT
parathion® T2l microsomes] 4] paraoxone & ¥ ¥4
obvyel Aol Aeltt #-S Jusl &= paraoxon, S-phenyle]
A A, S-ethyle] 4 59 o} fithel & EH= #ib
= g ootz &9 o). (Dauterman, 1971) Ao A =
1074M¢] parathion® A&3g-&= sz 97%9 oA
7} vrebitbA] Heatho] 7527t woled, A= 4
9 g9qle] HAT = 44D AAMELY A BYL
Nucleophiled] &-eo]-&o] ‘Pol #ifF#z4 & A4 421
. B3 ¢9len], hydroxamic acid®} Oximeo] o] 3
fERS Bt AER ok, AP M= 2-PAME
gox 3080 Az FHES HEE molrtrt A4
3 e e ugleh o EHez: 99 9
AAE A% 4 9t A, 45 Oximeo] A
425 AAdAg A golrt. Rogne (1967), Barstad
(1969), HackleyZ:(1959)2 ¢l 4tz Oxime2 # $- 5%
J18 41 cholinesterasefiAl-& 71l = $lvha Takersd
2, Schoene(1972)+& paraoxon=} toxogenin(4-PAM
S5 )9 {bLfde)l paraoxon® ol 10w] g oA H A
£ Jepd gz glglew, Zechi: (1967),
(1975)& 333 oA A 9 Oximee] FHHdd vad ¢
AR AFE 4AF o1d 4 A2 @gend, ol
2-PAM f-=3 Bt 4-PAM F5A404 o A7 =
opx gty ek, 28 el 4d Oximed 7<) wha 7
gl oA A 24 GEAL Ay g FEEHA W

g FiEMME Oxime#} alkylphosphonic acidi
Ba = A 3k} (Fonuum, 1975)

EA, Ageing® 472% 4 deb. @A E 2447 K
£ 734%’—4 vebtE e gt Ageings] BESE 4

21} ‘dealkylation’ o & A 2e = BErL g (Kitz,

1971; HarrisZ%, 1966; Loomisd, 1966; Wilson, 1971)
22} Larson (1953)2 alkoxyZt] A1} dimethyla-
midoZEz} weix] whrhAl Ageing HAbe]l A7ivtzm ¥
g,

Fonuum

5

¥

FIiEk  Ghoste] A do]a  Acetvicholinesterased]
parathion® PAPE fEHAA F= % Ao vtE &

49 WEEREs 2-PAMS nstd A7) FEEEEREE
hERBKL 59 BERE Ao

1. BIES T4¥4 5= 11.8531. 80umol/min/mie?

et

2. ug] Aad A7 A7 A4 A AS
B aaBAxe oAz 4 24 sk

3. parathion®.t} PAPe] o 38bAl 45 AR A7
o},

4, 2o EndA U5 Fh] Ealew, 2-PAM
¢ Araxks vEd F& A WUFe FTroAe
parathione] o4& vlel d <= 74 82.6%9 A=
o 3| He] 9gm, PAPd & odAg A% 64.0%
A w, 225t 8x 10 Mo et Z-PAMALBRy =
F5EAd #Ee] vEHieh

5. A 24 2v} 2-PAMS F ol Fijste 2-PAME
yeon] 308 BEEST Vehesh o s %
ZraE vrEd gl

6. APRFARTAAE AFHARTAE Y] T
o) A=A Fkrh

L) o #5HE wol S-pheylits el REEH o= 7
7 PAP7} O-phenyl#id felKE#Hez 73 para-
thionz. e} #M4IRE o] TRy o), 143} Oximee] FHiE
M A R ®4E W A £ A=
A 7HE = wle] ot

byl

N

—ABSTRACT—

In Vitro Reactivation of Acetylcholinesterase
Inhibited by Paration and PAP

Yoo Hun Suh, M.D., Sa Ack Hong, M.D.
Department of Pharmacology, College of Medicine,
Seoul National University, Seoul, Korea

Cholinesterase in human blood cells and plasma
are inhibited in varying degrees by organephosphorus:
insecticides and nerve agents through phosphorylation.
The phosphorylated enzymes can often be reactivated
by nucleophilic compounds such as oximes and
hydroxamic acids provided conversion of inhibited
enzyme to a nonreactive form(aging) has not occured.

In this work, the effects of organophospherus insec-
ticides (Parathion and PAP) on membrane-bound
acetylcholinesterase from human erythrocyte ‘ghosts”
were studied by using automatic recording spectro-
photometer according to the method of Ellman et al
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Also, the influence of the oxime upon reactivation
was studied.

1. There was a concenturation dependent inhibition
of acetylcholinesterase by parathion and PAP. The
inhibition of acetylcholinesterase by PAP was shown
to be more rapid and complete than that by para-
thion.

2. Decreasing the concenturation of 2-PAM below
§x107*M resulted in incomplete reactivation. At
therapeutical concenturation of 2-PAM, 82.6% of the
enzyme activity was restored in parathion-inhibited
enzyme, and 64.0% in PAP inhibited enzyme.

3. In vitro reactivation by 2-PAM of PAP inhibited
cholinesterase was shown to be more difficult than
that of paration-inhibited cholinesterase.

4. Maximal reactivation of inhibited acetylcho-
Tinesterase was noted 30 minutes after addiction of 2
~PAM and thereafter the degree of reactivation dec-
reased.

5. No spontaneous reactivation was noticed during
the time of the experiment.

It was concluded that the rate and ease of inhibition
and reactivation are dependent on the bulk of the
side chain(leaving group), and the phosphorylated

oximes may act as anticholinesterase.
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