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Efficacy of Physostigmine and Procyclidine as Combinational Prophylactics
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Abstract — Antidotal efficacy of combinational prophylactics composed of physostigmine plus procyclidine,
alone or in combination with antidotes such as atropine plus 2-pralidoxime or atropine plus HI-6, was eval-
uated in rats. Physostigmine (0.1 mg/kg) plus procyclidine (3 mg/kg), pretreated subcutaneously 30 min prior
to subcutaneous exposure to organophosphates of militarily importance, exerted protection ratios of 7.2, 6.5,
4.0, 2.9 and 8.0 fold for tabumn, sarin, soman, cyclosarin and V-agent, respectively. In comparison, low effects
(1.7 fold for soman and 1.3 fold for cyclosarin) were achieved with the traditional antidotes atropine (17.4 mg/
kg) plus 2-pralidoxime (30 mg/kg) administered intramuscularly immediately after organophosphate, in con-
trast to high effects (5.5 fold for soman and 160.0 fold for cyclosarin) with atropine (17.4 mg/kg) plus HI-6
(125 mg/kg), although the protection ratio markedly decreased when treatment of antidotes was delayed. Note-
worthy, the combinational prophylactics markedly potentiated the effects of antidotes to higher than 5.0 fold in
all cases. In addition, the combinational prophylactics fully prevented the seizures and excitotoxic brain inju-
ries induced by a high dose (100 mg/kg, 1.3 LD4;) of soman. Taken together, it is suggested that the prophy-
lactics composed of physostigmine and procyclidine, in combination with posttreatment antidotes, could be a
promising regimen for the prevention of lethality, seizures and brain injuries induced by organophosphates pos-
sessing diverse properties.

Key words [] Organophosphates, combinational prophylactics, physostigmine, procyclidine

AEABA A AAHLE de] AFeEe] g
AN 2177k (nerve gas T nerve-

713 f1gAel B8] Z] shieltd

Re] S

Somani, 1992), glutamatergic nervous system?] % 3]Z-
d ARE R 2N Mol ATE 4417
= (Shih 5, 1991a; McDonough®} Shih, 1993; Tryphonas

(Somani, 1992). HEAH Q] AIA7}AZ = abun(GA), sarin
(GB), soman(GD), cyclosarin(GF), V-agent(VX) “5°] Sl
=, Fell= 20,00084 FHAA 1288 AFRE A
E7 A1 “sarin gas AP AM 2} 7o) H2e] F&
frroz EA7|E stk (Suzuki ¥, 1995; Nagao %5,
1997).

F7190Al= A17A 2} 2] cholinesterases(ChEs)S &
A|5ted cholinergic nervous systems =814 24 3A17)
o224 2214 =24 o 070 (Dunndt Sidell, 1989;
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2} Clement, 1995; Tryphonas &, 1996; Kim %, 1999),
o3t Z=e] 208 o| A A& B7}GAel AAME &
o] = 7o ¥l 3Ivk(Shih %, 1991a).
Atropine 3} 2-pralidoxime(2-PAM)S- BH43t A58 =2
T vE BolM exEsl A7k S5 2F s
Az AREEo] PeHDunn® Sidell, 1989; Somani, 1992).
Tev} atropines}t 2-PAMSZ PAE B SAl= GA,
GB. VX %o ddre 389 A5E5E vehiA,
GDg} 2] ChEs HAFAAA g 3)eha] xF(aging)
AL d.27)= #7124 (Berman®t Decker, 1986; Talbot
=, 1988)9] sEel gieir= 2-PAMe] k3ld EAE A
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%‘ % ‘]— 17141 Z317] wfgel] Q) d5 AsERE 4
g 4 gt Berryel Davies, 1970; Kim 5, 1998). @&}
A ﬂ%ﬂ%ﬁ— 2R GDY 5ol ATF AEAA
St A= A EE ‘d’ﬂ‘:ﬂ]ﬂ“ ohefat 277k S5
o delME HEA] Beg A ASAA
carbamate 2FE2ZA pyridostigmine(PS) A2 AAS &
Lol (Dunna}t Sidell, 1989; Keeler 5., 1991), 5%l
ME 2-PAMET} GD % GFe #Fo) 9 1-[(4-
(aminocarbonyl)pyridiniolmethoxy)methyl]-2-[(hydroxyimino)
methyl]pyridinium(HI-6)& A& st gl F4A l H(Ha-
milton=} Lundy, 1989; Shih 5, 1991b; Lundy 5, 1992;
Koplovitz2} Stewart, 1994; Koplovitz 5, 1995). ¥4 &
835 vJep= physostigmine(PhS)}- B2 7@} o

ZA17A A5t 2R3 PSell B8 v el gt AL
2 s vt (Harrs 5, 1980, 1984; Kim 5, 1998), A
W A&AZI] o el AARAZ NSRS FHT 9.

AEFo] Aolx E738ka PS A X2} atropine
oximes®] F7o 23z wale] fgle] ¥= 54 AHE
2tk 4 ¢lokShih 5, 1991a; McDonough$} Shih,
1993; Kim 5, 1997, 2000). webr AzlFoll e F714
22 AAA diazepame +-8-Fo|H(Dunn} Sidell, 1989;
Clement-Jr Broxup, 1993). 218w} diazepams Z-33F X

s 85-g vfelA] Esl (Philippens 5, 1992), 2737}
Eal %%f-i- olgl &EAA] A AAFFIHE oS AFAT
7] o)<l (Shih, 1990; McDonough®} Shih, 1993) 417l
oAM= o] EapEoelx qhst 2 %173 - ¥ B 5A
2 thA & A o|th(Shih 5, 1991a; McDonough#} Shih,
1993; Lallement 5, 1998; McDonough 5, 2000).

F71elAl] F=oll 2t ZZE cholinergic nervous system
2] acetylcholine(ACh)l] £J3f f+=%le] glutamatergic nervous
system®] EHA] o}w|icAl(excitatory amino acids, EAAs)
o 28 FF, FAEE Aoz duA ¢2m (Mattson,
1989; Lallement %5, 1991; Shih %, 1991a; McDonough
#} Shih, 1993), A¥ HAAA F71EE EAAsE 719
A2 ol THA A7k T8 LR oAz (Lal
lement -5, 1991; Shih 5, 1991a; McDonough®} Shih,
1993; Kim 5, 1997, 1999). whebr] 2 47412 F0A4
N-methyl-p,-aspartate(NMDA) ~$-3] 7 3} (Waelbroeck
%, 1990; McDonough®} Shih, 1995; Gao &, 1998)<!
procyclidine(PC)8] &3-S Mg A7 F7]Al diiso-
propylfluorophsphate(DFP) 5522 <13+ 73S 73]
sl Ao 7 dsmdthKim 5, 1997, 2000).

F710A FE FAZIRAM & 4 o] Sf=EAlel A
7AAe] Fof7} AAE A FA4 AP F wEabe]
4 9lvk(Shih £, 1991a; McDonough®} Shih, 1993). ©
o] 8AIzF 7FH2] PS A AR B4, f7]dA] F54]

atropine ¥ oxime FAF, 223 A FLA] diazepam F
AR Aoz °]*Er*f"]7]“ B sl 5A Al 23 )‘EZ
&, A7 ¥ ¥ 852 A3 ¥k w2 dy
z]oﬂ/q‘— PhSRJr PCE —‘.WE Mzg EgteliAlE 248
o B5-2 W71et A5 DFPel| &3t XA, 78 2 wiake
AR el = Ao E9l® v 9lvkKim %,
1997, 1998, 2000). wepM 2 ATelA= o] Fhodu]e]
ofd REAE B8l A4 dl=A atropine+2-PAM Ex
atrop1ne+HI 62]- ‘ﬂ%—,—ﬂ?ﬂ-__i&ﬂ Al e w 293 AlA
7 H7}skaz) shedvt.

HEME % WY

ez

Physostigmine salicylate(PhS), atropine sulfate(AtSO,),
procyclidine hydrochloride(PC) 9 2-pralidoxime metho-
chloride(2-PAM)+ Sigma Chemical Co.(St. Louis, MO,
U.S.AX)A F-481902m | 1-[([4-(aminocarbonyl)pyridinio]
methoxy)methyl]-2-[(hydroxyimino)methylJpyridinium(HI-
63 71214 tabun(GA), sarin(GB), soman(GD), cyclosarin
(GF) @ V-agent(VX):= FWa&td 74 Single Small
Scale Facility(SSSF) A &Alell A gAd3e] AMgslsitt.

HESE

SFulspated Aol A WAl ARSE S AR (specific
pathogen-free, SPF) %7l Sprague-D Wley %Hc(ﬂlv“‘“’
200~250 gy Al AMEslgict BE S5 WA, ARS:

W AY A 716 BA £ 23200, AREE 5525%,
12207k Bge) $A3hs QA Aol SgEglen], B
ABE A5EA ANEE S

sh=woiE €It

71914 GA,GB,GD,GF ¥ VX2] Rkpx| Al (median
lethal dose, LDsy )& T73817] *rﬁﬂ AY 24 F4e #7i4l
A& 10% isopropyl alcoholel]l 10 mg/mlZ 3| s}ed
stock £4-2 Thgo] 4°Ce] HASHA], ThA] A=]a] o]
of & 3“'31‘“474]1 Bl 1 mlikgd] FoE 3BIR FA}
sle] FEAAT F5 2402 F apd AESS V|RE
LDsE Pg&]-ﬁt]-(thchtleldi} Wilcoxon, 1949).

BuuAle] EHel &S F317] $18 PhS©0.1 mg/ke)
I PC(3 mgkgr A2 Q=pel] 2o 22k 1 mlkgd] F
22 92 TG 308 F oI5) 4949 7194
2 SOk FARIGE BRI AEHol L BT
o] whpA|Alege] tist Bt A FAE F2 ‘ﬂ*—rﬂ’\}%]‘-—]
wieE Jepigleh(Kim 5, 1998, 2000). B velr) 71&
] &= A AtSO,(17.4 mg/kg)+2-PAM(30 mg/ke)

o
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E= ASO+HI-6(125 mgkg)h B3os ALSS wle
FEH71E H8iME 5UAE GD $5 30% Al
a2 AL, 7 AEA 2L 5 A Fe| THHE S
A]—ﬁ]-?dﬁ]- THH SEA 24 ASO+HI6E] Fof Aol o}
2 592 9rlsb] ¢ fﬂ SA=AE GD F5 AF (10
Z o), 1, 3%, Ei= 58 Fel] T8 FAlslgiT)

NEEs Yt

e 100 pgkg(l.3 LDy)2 GDE H3RE FAFs ]
BHE =il TE AEES ol7] A8 HI-6(125
mg/kg)yE 308 Aol Bz -rﬂl-tﬂ%i‘:}(McDonoughE}
Shih, 1993). GD %5 F #3¢ Ad ZAxE e
30~60%<l el 2ol siA|e] Hg Fof A7 Ax
Z 71539 De Sarro F, 1993; Kim 5, 1997): O34,
A= glgy 1A, F53AY A 28 I (myoclonic
jerks); 24, 3} oS 5 &, T 95, 9 9 7
29 714 A9 clonus]) @ FHe] 1159¢) (head nodding),
33, AAY Algk 71A AR, 44, YojAd (rearing) B A
zle] A8t ZbH4d 739, 54, delA d Yol (falling). &
H H3uAl 2] 274 &5 H7187] HeiMs HI-6 94l
PhS(0.1 mg/kg) PC(3 mg/kgys GD F5 308 Aol ¥
sh2 ARSI}

rESEs it

AR B Hrle AH8% FEES 2447 F ether® ul
A7) o heparin(2 TU/mi)e] %1‘71‘53_ 10% %4 formalin
L& Aoz AFAA HEAE sl A4 HE
AZEte] FA3 o 4 um® paraffin 2] ZH-E A=F
8}al, hematoxylind} eosin®2. FAlsle] 714+ AsA] 44
£ 2= Helg odual E‘fH13}(h1'ppocampus)¢>ﬂ/ﬂ«] A AN E
(pyramidal neurons) APE-&} F9 =33]e] £AbH 2
ufe} o] sdAl = Jﬂ7]-?s}air:}(1<]m 5, 1999, 2000): 04,
Wy gl 1, vlu](1-10%); 28, oFH11-25%); 34, 5
E(26-45%); 44, A3H46-60%); 54, HF-E(>60%).

2 dA7ore] 2E AFAMXE 1989 vjF55A] 53]
(Society of Toxicology)el Al €&t “Guide Principles in
the Use of Animals in Toxicology™$} 19984 B=-A8%F
2-8H3)(Korean Association for Laboratory Animal Science)
oA gt “FFAY A3} A e wel =

SR

A=) 3)5}E FEAHE 9 GA,GB,GD,GF ¥ VX
2] LDg= 22 255,130, 80, 160 W 14 ug/kgS2 vjeht
VXet GD7} oHE f7lelAlel vl B2 A4S Welis]
}(Table I).

Table L. Acute subcutaneous toxicity (median lethal dose) of
organophosphates of militarily importance. *No. of sarvived/treated
rals

Dose (Ug/kg) Tabun  Sarin

8 4/4%
12 4/4
16 0/4
i8 0/4
20 0/4
60 6/6

70 5/8

80 4/8

20 2/8

100 6/7 0/6

110 517 /6

120 6/8 0/4 373

140 2/6 4/6

150 0/4 4/6

160 0/4 4/8

180 0/3 0/4

200 3/3 0/4

240 4/4

250 2/4

260 2/4

280 0/4

300 0/3

Median lethal
dose (ng/kg)

Soman Cyclosarin V-agent

255 130 80 160 14

Protection ratio

= N W bk ® N e O

GA GB GD GF WX

Fig. 1. Protective effect of combinational prophylactics composed of
physostigmine (0.1 mg/ke) and procyclidine (3 mg/kg) against
organophosphate poisoning. GA, tabun; GB, sarin; GD, soman;
GE cyclosarin; VX, V-agent.

2 {71914 F5of what BteuAe] vlel &g r)s)
7] 913 30% % oﬂ PhS(0.1 mgkgy#d PC(3 mgkegye ¥
lE Foi3g 9 GA,GB,GD,GF 2 VXel s} 2zt
72,6.5,4.0,29 = 8081l s)Eulo] &L ehd o2y
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VX, GA ¥ GBd Hsirs & wele-S viepd wbd,
GFs} GDel| AiAe =2 whe vlolgg vehlgich(Fig. 1).

g BalofulA|e] foge] AH R A Jehd GD
9 GF F5 W3 7 sj=A 249 555 vl
48 HAEAE 2eA FF AT FAYUE WF ASO4
(17.4 mg/kg) + 2-PAM(30 mg/kgy2 GD H GF £3o) o

Table IL Protective effect of combinational prophylactics (physo-
stigmine + procycliding) and antidotes (atropine + 2-pralidoxime or
atropine + HI-6) against soman and cyclosarin poisoning

Treatment  Protection
Treatment (mg/kg) time rafio
Soman
Physostigmine (0.1) + procyclidine (3)  -30 min 4.0
Atropine (17.4) + 2-pralidoxime (30)  +10 sec 1.7
Atropine (17.4) + HI-6 (125) +10 sec 55
Cyclosarin

Physostigmine (0.1)+ procyclidine (3) -30 min 2.9
Atropine (17.4) + 2-pralidoxime (30)  +10 sec 1.3
Atropine (17.4) + HI-6 (125) +10 sec 160.0

Protection ratio

0 1 2 3 4 5

injection time after poisoning, min
Fig, 2. Change in the protection ratio according to the treatment
time of atropine (17.4 mg/kg) + HI-6 (125 mg/kg) after soman
poisoning.

3 2k 1.7 F 138 AMzE e &S vl vk,
AtSO,(17.4 mg/ke)+HI-6(125 mg/kg) A2 Z+zh 55 o
160.042] 9-=5) who]§-2 Hol Zgith(Table II).

vt GD 5 sleiM A0, + HI-69 Fei7} R|ds
D& WiE A5 Foda)e] ssujel] Hls] 15 Follx 4.94), 3
+ FeollE 3.8, 283 5F Folle LR Welge]
&3] ragho ey 3% o] AdE A EiliAl] &
T (4.0mel Hls Az Ze =z vehdelFig. 2).

o vzl EgteulAle] A T F5A AL B
2 A 4SAREE v GD 56 dsiMe ASo,
+2-PAMZ} A1SO, +HI-62] Weid-S Z42F 12389} 215
W2, GF %o glelMdE AtSO,+2-PAMS] o] g%
52402 Fe F%TH(Table D).

ShH, TLEF100 pe/ke, 1.3 LDyl GDFEL HL6
(125 mg/kg)®] AFH Fodol|l = B-7sln A8 34 A9S
frdsted T 429 ARAES e, 24470 &
2] A7) Al A hippocampal pyramidal neurons®] A2}
HEAle] A dlsle] W 3469 Heabe T
sllrk(Fig. 3 9 4). ubad SFAle] AR ol A

5

N

Seizures & brain injury
[ %]
{

Hi-6 PhS+Pc
Fig. 3. Effect of HI-6 (125 mg/kg) or physostigmine (PhS, 0.1
mg/kg) + procyclidine (PC, 3 mg/kg) on the seizures (black)
and brain injuries (white) induced by soman (100 pug/kg, 1.3
fold of median lethal dose).

Table III. Synergistic protection by concommitant administration with prophylactics and antidotes against soman and cyclosarin poisoning

Pretreatment (mg/kg) Treatment (mg/kg) Protection ratio
Soman
Physostigmine (0.1) + procyclidine (3) saline 4.0
Saline atropine (17.4) + 2-pralidoxime (30) 1.7
Physostigmine (0.1) + procyclidine (3) atropine (17.4) + 2-pralidoxime (30) 123
Saline atropine (17.4) + HI-6 (125) 5.5
Physostigmine (0.1) + procyclidine (3) atropine (17.4) + HI-6 (125) 21.5
Cyclosarin
Physostigmine (0.1) + procyclidine (3) saline 29
Saline atropine (17.4) + 2-pralidoxime (30) 1.3
Physostigmine (0.1) + procyclidine (3) atropine (17.4) + 2-pralidoxime (30) 5.2
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Flg 4 Effect of HI-6 (125 mg/kg) or physostigmine (PhS 0.1

mg/kg) + procyclidine (PC, 3 mg/kg) on the hippocampal injuries
induced by soman (100 pg/kg, 1.3 fold of median lethal dose).
The pyramidal neurons of rats pretreated with HI-6 exhibit dark
degeneration, leading to pericellular halo and spongeform
change of neuropils (A), while those of animals received PhS +
PC shows normal features (B).

Bl waAle Ae] sl oulslelen PEge] F-Eo
AA555 gleo] FE=H AT

i =1

o) o2 FAHUS d PAHLE Fag w7
Ale] AE) AL VX >GCD > GB > GF > GAY £-28
et (Table 1). ﬁ&.J:l vl SupAde) T BEEA
(war-game simulation) FHZFE WAL HY2 =5 7}
3 AATERY 2 LDyl oF 5.0¢0 o]2E Aoz F
Mo, mel FEe] 7oA si=AlL] velg
EEXE 50 LDy, olFZ T 9wk (Madsen, 1998).

T2l AAAA pSet A AR FolaA] b2 A
oM G GRll 599 73 g5 vleels &
2229] MARK-1(A1SO, +2-PAM)Y] S5E5-E =i A&
Blo] 22 1.7 2 13009 deid el ﬂ&L, ol M

$4ET 9lE AtSO,+HI-6E GD(S.5¥H)#} GF(160.04)
A= & g LJrEHlS’d‘:HTable 0). et gk
e %}z} MARK-1 #5418 ASO+HI-6 L2 o
A A e, B QA7elr= EgdAle) ol SA &
Aol HE Kol EXE olgw Yrlslaxt shulth

Bgrof| uFA (PhS + POy ©E2 2% GA(7.24), GB
(6.57) = VX(8.00) FEel| sl 5.0 LDs, ol %
g =S Vel 2o® i 1 GD@E.0
s} G HelAe Ao - fHEsS
wrglsledehFig. 1). 22t B3HHAIE Abdel] Fo{3k
HEAE F5 Fol Folol F9L Wi B3 ASEAE
vebd e 23 ASO, + 2-PAM ¥ AtSO,+ HI-6%} -8
¢ o GD ¥ GFl Hs] ZF 5 o]de] welgs B

2 -hﬂr(Table D). © vielr} BstelubAl PhS + PC

213 LDy)2 GDE =¥l A9, AATss 3 o

‘1“:@"% Ae] fAsHA aﬂlﬂﬁ}—i&i sﬂiﬂli} was) -5
253 sisHlels, 217 | S vepiE Aoz
Fal=glw). 3] GD 6}1%011 M 3;}%?4.7412} H3Fe
3 7% carbamates®] f%2
7] »>ulgA B s> A= 08 FA vehE Ao o
2 9le]Berry$}: Davies, 1970; Gordon %, 1978; Dim-
huber 5, 1979), PhS + PC Eitauld] A] Algteln]
A7 Fel M Aol Ee) Sdgt EAE viehd o= 7
R

)= PS AA, atropine ZA}7), 2-PAM FAF]
T djazepam FA I TR BA8 5AAE 28315
olo}, ghFFL atropine®} 2-PAM FAP|REE AME-SRAL
ole}h. £ oo A viehgd vl o] AtSO,+2-PAMS| &
T P-LE %u‘lﬂ GD ¥ GF F52 A% 9% A
=3} ﬂ—f‘n Xé oA glet, wehA sEFelAls
AtSO, + HI- 6—4 gt G2 Ziebslel 3 werdry
binary injectorE =SIE Al o FAP 1= atopinet
HL-6 & 7}A] ekge] shte] FAple o o] + 7He]
FA7|E FAH] 9 MARK-1¢]] wish -8 ﬂiﬂs}‘:}
Tt AATRS BF Foll Fofsle dSAIS) Wele
o] el met F43 HLE ¥ T vHFe 2)
GD F%~) 9le] 4l 3‘1 FoA50E el Bl ASO, + HI-6
= 1E el T°%§Rh— “H“ %F 89%, 3¢ Foll FART
e o 56%, 22T SE Fell RS | oF 33%°
Byl FHA] o= 7)\—& elsdet

F=5t Zu|FAE PS AAAE =547} ST LR o
=7 ke 6B 2L T FH(Gordon &, 1978),
GB T VXY 35 gleiM AtSO,2b 2-PAME] F7}
AAE 7S ATAQ] B 038 ATE Aoz ok
#AARH(Koplovitz 5, 1992). B3] o] F 5AIL F7HH
AAA Qe AR B PNeAls wAE 57 Z3ew

}
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AMER] A AEE BAT ¢ glon, AAFSEE AT
Tc’rzl"ﬂ ﬂ?ﬂ%‘ﬂ %lt:P Hhﬂﬂ PhS&- E_’r%iﬂ ‘H" AL &
=, 1998), & g A ¥
°=] TT-’:](Hams 5, 1980, 1984; Klm & 1998 2000), %
Sozve) A& A FoE ANT 5T el
S (Harris &, 1980, 1984; Kim 5, 1998), %7&9:] Z7 2
B gaxg s Oun Sidell, 1989). =3t PC
antimuscarinic, antinicotinic ' anti-NMDA 28-S FAl
ZFA A g)e] (Waelbroeck 5, 1990; Mc- Donough®} Shih,
1995; Gao 5, 1998) F&71%% FEAA Fr, A%E 4
314 pshste] =3t HR 3 EAS EpAokKim 5,
1997, 2000; Shih 5, 1997; McDonough 5-, 2000).

chgo] B TN 24T Bl okdold 24
o] ZFAZ) B33 A (Soldiers' patch)® 7NHE oA < 1},
PhSs} PC BF BHATo Sske] S1¥Ha 5 210l
Z¥2; Alzheimer's disease?} Parkinson's disease *|8Z- $]
& A s =g Aoz =% Hunpu-
blished data). whebr] o] #|HA] A2 -2z} atr0pin6+
HI-6 FAFA7 9] 42 ceokst 4177k 35 W ¢4
A HellA E3A Q) SEAAZ E AL oA Eif-lr
o] o] EgAlE= AHH 9 ¥&AE RSl WA
A7 AES WA, AATSHE A FE A4 ¥
2 ARAANA F22H AFH A EUﬂ 7]"4“& o

71}, o velrt o] E3eF A= f7]<1A DFP| =
435} 5852 JeP) 224 Farmers' patch® FAE
el 2 AT A0 FHIE F 8L S U
atropines|vt 2-PAM FAMARE} H4l sk A<
AL «JAzI.
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