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1. Ethylparation th#Ficaid 258 V. & =®

2. ZEABBHIICHS 258

I &

EFEIBIFORB T T 2 BIREREE 2
DEUHFICERASHICETIHIEE,S PAM
(pyridine-2-aldoxime methiodide) D 75 #81% % b
%, HIT Parathion thFiCN 4 3 HEERIL
o, THhoD PR W ICEAROD, MDD ZDHRE
KE2T, FRBMAIhBICHT S PAM DR L
LTOMN RN b D EED. ThiERBEL
THBEAIhEILRF ZEIC Oxime X3 2 B

MlchF D, £FEOD Oxime BABERIh T 3.

BEDOMEDERHL & LTI2, PAM THEATH
EAR—BEMAREHBBONEcERBE LN
ETHBL, BICTFHEELTERICET B7HIC
2 PAM XV b ARFABLETH S (HHE).

ZDOEKTEEIRIL {D Oxime D> b pyridine
¥i%%&7 % AfE (PATD, PPATD, PPAPD, PAD)
ZRY, hoDRBHEE PAM LB LA-DT
ZORREVTICHRET 3.

I ERMHECKRRAE

1. A

1) Oxime (Fig.1)

MERU#HERIZ Fig 1 IR THMD THOTH
&R PAM EEL & 5 IC4 DN & pyridine 3%
EEHDOTV3B.

PATD (bis-pyridinium-4-aldoxime trimethylene
dibromide), TMB-4 & dW X1 5.

PPATD(e-pyridinium- w-pyridinium-4-aldoxime
trimethylene dibromide)

Fig. 1 Structural Formula of Oximes
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PPAPD(e@-pyridinivm- & -pyridinium-4-aldoxime
pentamethylene dibromide)

PAD (pyridine-2-aldoxime dodeciodide)

UEATDS 5 PAD [KIAMAIE DT propy-
lene glycol {TVA#Z L, X} FR®D PAM & propylene
glycol WM ERMOTHEBL .

2 RRIEAGREEAT 2K fikobO%
ERL I,

3 AYHFX T AddRKE 15~20g 0
DERANE,

2. EBAE
1 BERFEEE
EEREORHEREREAY # 2 X I TE

Table 1

MU 20—ERIIAXIZ%CEHBEOLME
Oxime #H TR UHEORRTREL, £0%K-
#H 5 Litchfield and Wilcoxon I T X D T
BERFEEEE N L.

2) cholinesterase JEPERIEN:

Warburg MRS % Ammon KHE® kb
FL&. BIFEMERO.I ml MBRUMBRRTHRLD
3043RMicst L1 COz O (emm) KHELTH
bl

M = BB *
A, WYHRXIFECEMLRIEDR

1. Ethylparathion thi5i=s e SR (Table1)

£ Oxime Biyh#F &% Ethylparathion BIEICH

Effects in Ethylparathion Poisoning (Mice) Results are shown in

No. of death cases/No. of cases. Dosis of Ethylparathion and therapeutics

is in mg/kg. Compounds in (

) is used as propylene glycol solution.

Results
LDso
T~ ___Dose of EP s.c.
— 2.6 3.6 5.1 7.1 10.0 14.0 19.6 27.4 38.4
Control 0/3 0/3 4/9 6/9 8/9 9/9 9/9 3/3 3/3 5.9( 6.6~ 7.6)
PAM 80 v 2/6 3/6 4/6 6/6 6/6 14.0¢ 9.9~19.9)
10 min. before EP 3/3 3/3
10 min. after EP 2/3
40 iv 6/9
PATD 40.6 iv 1/6 1/6 3/6 6/6 6/6 18.9(14'6~24.6)
10min. before iv 3/3
10min. after iv 2/3
20.3 iv 3/3
PPATD 59 iv 1/6 2/6 3/6 6/6 6/6 19.0(14.4~25.1)
PPAPD 23 v 0/6 5/6 6/6 6/6 6/6 | 14.0(10.0~19.6)
PAM 80 v -
Atropine & o 2/6 3/6 5/6 5/6 6/6 | 14.0( 9.9~19.9)
PATD  40.6 iv -
Atropine 5 sc 0/6 1/6 4/6 6/6 5/6 17.5(13.9~22.1)
PAM 40 iv
PATD 20.3 iv 0/6 0/6 4/6 6/6
PAM 40 iv
PATD 20.3 iv 4/6
Atropine 5 8¢
(PAM) 80 im 0/4 0/4 3/4 4/4 4/4
(PAD) 80 im 0/4 3/4 4/4 4/4
PAM 80 iv
(PAD) 15  im 2/4 4/4 4/4 4/4
PATD 40.6 iv
(PAD) 15 im 1/4 3/4 3/4 3/4
PAM 403 iv
PATD 20. iv
(PAD) 15 im 0/4 1/4 4/4 3/4
Atropine 5 sc




TREADECBAT AT

MUED LD (mg/keg) i3MD5.9 (mg/kg)
IZli~t PAM 14.0, PATD 18.9, PPATD 19.0 &
U PPAPD 14.0 L1327, MhinRich~AE
KERLTV A, §&IC PATD K U¥ PPATD i PAM
LD LBEIR TN B0, HEROERN, PPAPD i3
PAM i@ BERDSIIL,

RIC PAM & PATD & % Ethylparathion 10
AACBRELADTE, RA3>IHEHELY, X100
BSBETRABIZETREVY, BERS5L0LE5,
EBBETH LR BFHO.LPAM & atropine &%
BEAL~EA LDw 14.0 T PAM QA QLA LE
53, PATD Tii LD 17.5 THIMHRS5 LD 34
3. HICPAM & PATD ¢4 ¥ BRbtELI-E
RUEIC atropine &AL E &3 B 5B
Y- S Al

PAD % PAM & propylene glycol i/i i & b
Licds, PAM X0 %834 5. PAM, PATD ©
£4ICPAD ZHA LI DORY PAM, PATD &
U atropin OZHICHEIC PAD 2B L4 D b,
PAD ZBALIB VLD R BB BETFIRITL.

2. ERARBARECHTIHR (Table 2,

3)

PAM & PATD & OREMBER T PAD &4t
LB AExBERB LIz, ComM#k ¢ PATD &
i3 PAM iR TRPEELUREEBONATHS
¥, TN PAD 24 LT BB 52 o
B3V KSHTCHB. Methylparathion D& DA
atropine DA RS 1o R DRRITIT N EE X
oh3,

3. PAM R PATD o) £ &4 (Table 4)
HBBH L LT TEPP 4580 TEPP ¥y S55i—&m
FOIC PAM R 0P PATD 285 L TR TEAEEL
7. SR OHREIZ TEPP R 58 & gm0 m
FiCH 5. B HIiCi PATD i3 PAM ICH~TH
R LP PR, KEMERIT,

B. T4y ¥ il 7 cholinesterase B E{EH

SRR (Table 5, Fig.2)

o4 X C Ethylparathion By SHIKTU PAM
EHRM 4 PATD 3 Bfl S B L 7. PATD ©
BAY PAM & B RICHE XN colinesterase D
HEERE L T3, #IC PATD 8501 201
cholinesteraes DPKHITEH L EITEL TIN5,

Effect of Oximes for Poisoning by Alkylphosphates (Mice) Results are shown in No. of death cases/No. of Cases.

Table 2

Dosis of Alkylphosphates and Oximes is in mg/kg. PAD is dissolved in propylene glycol.
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Table 3

5

Effect of Oximes for Poisoning by Alkylphosphates (Mice)

Results are shown in No. of death cases/No. of cases Dosis of
Alkylphosphtes and Oximes is in mg/kg. PAD is
dissolved in propylene glycol.

Pestox-3 Malathon Diazinon Dipterex
~~_Dosis of Alkylphosphate sc
T 16.4 24.6 | 221 265.2 332 442 |115.6 173.2 231.0| 504 756
‘\b'_‘\..
Control 36 5/6 { 3/3 3/3 6/6 38/3|0/3 6/6 5/5)4/6 5/6
PAM 80 iv 2/6 3/3 | 0/3 3/3 3/3 2/3 3/3|0/3 373
PATD 40.6 iv 0/3 2/6 | 3/3 2/3 4/6 1/3 2/3 | 0/3 3/3
PAM 80 iv
PATD 40.6 iv ;i
PAD 15 im 3/3 3/3 3/3 3/3
Table 4 Duration of Effect of PAM and PATD
Results are shown in No. of death cases/No. of cases.
Dosis of TEPP and Oximes is given in mg/kg.
T Tme Y | yomin 15 30 60 120 180
TEPP 0.59 sc PAM 80 iv 0/3 1/3 1/3 2/3
PATD 40.6 iv 0/3 0/3 0/3 0/3
TEPP 0.78 se PAM 80 iv 0/3 2/3 2/3 3/3
PATD 40.6 iv 0/3 0/3 1/3 2/3 3/3

* Time between Oxime and TEPP injection Oximes were given before TEPP.

Table 5 Fluctuation of Blood Cholinesterase Activity by PATD Injection
in Rabbit with Ethylparathion-poisoning.
Control PAM 80 mg/kg iv PATD 40.6 mg/kg iv
Red Cell Serum Red Cell Serum Red Cell Serum
%‘}ilr)ne Activity| % |Activity| % |Activity] % |Activity| % |Activity| % |Activity| %
before | 27.4 100 | 26.1 100 | 33.8 100) 27.9 100 | 42.8 100 | 22.0 | 100
1 25.8 | 94.1| 12.7 | 48.5
3 21.3 | 78.0 7.6 |[29.0
6 7.2 | 26.3 3.7 | 14.2 4.3 12.5| 1.8 6.5| 17.9 |41.8| 10.8 49.1
6% 34.2 | 101.5 26.2 |94.0| 33.8 | 77.9| 23.7 [107.7
7 24.8 73.3) 19.0 |68.1| 33.2 |77.6| 25.6 |116.7
9 25.0 | 74.0 16.0 |57.4| 30.4 |71.0| 24.9 |113.1
12 13.4 | 49.0 2.9 (11,1 21,2 62.5| 17.6 |63.1| 26.0 |60.7| 24.9 |113.1
18 23.0 68.0, 15.8 |60.0 | 25.6 |59.8] 20.3 |133.1
2% | 19.8 |72.0| 6.8 |26.1| 18.7 | 55.2 15.6 |59.5| 24.1 |56.5| 25.0 |113.6
54 15.0 |54.9 | 12.4 | 47.5| 30.5 90.0, 17.8 |64.0| 29.3 |68.5| 28.2 | 128.1
122 21.9 |8.0| 19.9 | 76.0 35.0 | 103.5| 18.6 |66.7| 20.5 | 8.9 | 29.1 |132.8
150 | 23.8 | 87.0| 20.2 |77.0| 35.5 |105.0, 19.3 |69.0{ 30.3 |70.2| 27.5 |125.0

Ethylparathion 5mg/kg s.¢. iniection at 0 time. PAM and PATD injected 6 hours after

Ethylparathion injection.
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Fig. 2. Fluctuation of Blood Cholinesterase Activity
by PATD Injection in Rabbit with
Ethylparathion- poisoning
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RO LESHL. BROLAVLNED
REATREE L2 g s 2888 T
bV, ROTREERGOHELBNTD
ha, —RICESABNLORES FEE
S0EA09RBETHBH, thbidRE
HABBREOHADRMERADK N & XiLD
HEKDH 5, FEBUHERRELTVS

g ERBRIEE T, T TIC PAM Kk DI
g =1 e EREDHENLTHD <L EOBRARY
% -~ Serum O D, XRTHNERICC OBFRDEAISE
RS S PAEDETHS. T TEEREIEAE

L AuOKETRLSED Oxime BH5L

N.e8f¥icE®

HREFDERHFOTRE LTO PAM OWE
BRBEINTH O, IERMBRRERL &2 E K
LT EHsE Al ch 5 BF7C48, Oxime DIHMIICH
BohkcERESKB:EYTHS. ZORHLE
ELUTERBOH Liclt X1z Oxime BEHDOMS
BYTHHRIEREICRATED, D) BEEDD
DREBRBRICEDND B EVDRTN 5.

L ANCDHEOHELRERIITOTNEDI
FTRTCEBFROFEF B CNICETIHTH 51
DI R AR nerve gas THOT, RLTHR
®E LTHEAIN TV 2 ERBAODZCEDILE
HRESH TR, TORMDSEZFRIERETD
kb TH 5.

HTz ¢ it i} Oxime (33X T pyridine
BAETS PAM LEUOHBEEET 2 dDIKDSH
Biok. 20EMMOME2ET S Ozime TH,
#lZi3 DAM, MINA (FFE) O & 5 K EHF LW
bhTnTbERgREAICE T 2RIBER IS
35005505 THA.

I f 12 Ozime @ 5 5 PATD, PPATD RU
PPAPD D=3 i1 ff 114 Hobbiger®l0) [T XDTH
*£Xhi-bDT, TEPP K DFP iCxtL TR &Y
DEEBLEIN TN A.

ChoOREHEIABED SRR LD
T3 PAM SDOHBORIELIEA DI THS. %
Bolg FRREAERIERNICHEODNT L
Bt xS, LCATHYRRTRGRBALND
301358 THS. —RICEIERD B OEER
TRESROKTREHREBEODITHS. Lt
DBOTRADYELHE T 55 ARREROKHES

1RO ERE L. chn Difs
DENKARTZLEEILNENLTH B,

PAM OMEBR KL LB 5T 80 mg/kg TH
3 &IBELICEE? K LOTHERINT S, X#
Y B E# S LDso PAM 250 mg/kg, PATD
104 mg/kg, PPATD 150 mg/kg, PPAPD 58 mg/kg
258FZLTWVWADT, PAM DFEAKXLR 80 mg/kg
ICHAIT 5L 5ICK Oxime DEERSREEDI:.
E) 5 PATD 40.6 mg/kg, PPATD 50 mg/kg,
PPAPD 23 mg/kg #FiC AWz, 4FBIZ PAM
264, PATD 446, PPATD 405, PPAPD 433 T&
200, UEDORERRBSFEELSTHIE PAM
100 izxt LT PATD 30, PPATD 48, PPAPD 18
ERDTHLLLVBTH S, B Lehd Oxime (T
TRT4MHDONZ 2 HEH L, X PATD (% aldoxime
22@ET 200, EHRSTFERETCHES 513
KROBTRIZNEBDNS.

ITINED Oxime [3FNT PAM E[@E#H;, X
BEhLl LOBEIEDH 5 & & b3 Ethylparathion
thE CEERA & Nfz. #51C PATD KU PPATD (38
FTH5. PATD ODZhHEFLE DX ST aldoxime
Z22ELFARCET L OBMAINETHAS.
L Lmatic LTd s 3 D NDIRBLIZSF
Bic#l LT3, o

PDlkoz &Eho oD Oxime D S HigERH
SHTRDFEKDSHS PATD #& D Hif PAM &
IicHE 2 DEEIBSE L, "

TT IO BHRERBA ERMICERS Uic b

BEMTHBC L, XBERERTIHRDOLNT
&, XBEALTHEMBSDOEACESL LT AR
L. X
Ric Oxime DHWBANBICIGT 2NN EER %
4 2B AICITEIC atropine D BF BHEMNHER
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MEERRFROLELLEDBY ONIDTH B,
ZDBAIKIT atropine HHH LT D EFHRIC
EBFDHOLNTVIIN. T 7D Oxime OEHER
& ORI Ethylparathion thEMA O LA
FhEoRicbHTIIES.

Bl h s oRAETHINCERT 2 Lo 5%
RoBHRBENEZE THLOT TEPP bR
ELTHA L. TEPP % & 0 1 12Did TEPP
K& AT REBHTEET, BSRISHRIER TEFE
HMEE L, Oxime DFEFRERF ¥ & ICHDTERT
B5poTHS. % ORI PATD OHRLLHK
BORMBEBEHIAH SN BH, PATD OisH#h
BEHNPAM LD SBEER C L EINTZOERE
AR YOPIr¢:it oF ¢RAGAN

VI ED Oxime i3I PAM L RIRICHEEXN
cholinesterase ZHET A LI LOTEY TS E
FHEND, TCIKRPATD ©OA% &Y HIFTH
¥, BLUTEBEOREEAEE L.

B2 HMEA PAD ikistkicZ U L, RiAKD
BHTENLDOTHY, Chidmk PAM HiBsER:
DBHT LN HHERAORERMED L RIEEH
SEALSEONIZS D THS (Wilson!®), L
L PAM O Z OB MEERN RN S I3MHEKE S
BNZERFBLIURTEENRLILECATHS. A

‘iz LUTH PAD BFiBIZERE LT PAM &OFAL
TOAEMPEFEINS,

FrcC OBMES DY 4% PAM & propylene
glycol ZEB LT HE LTH - BEMEECIR
PAM KRV, LA LZ OB ADAFRED S
#3 g, PAM 264 jT3d LT PAD {3418 TH 2505
ZRIFE LI 544 TEH» S PAM 100 : PAD 63
25 LGB EROVE, Ch %2L5T PAD %)
AL EZ—BITIRO A,

PAD 24 PIOBHOX S ICHBEER & LT
15 mg/kg % Oxime CHFF Lic &3 BFF LIS
AkDHENBETAHIRITL.

b4

D #)il, mEE»: IMEX 3,

2) #vk, FE#EHEY : 2-pyridine-aldoxime methio-
dide (PAM) 0% #, AMH 0 H &, 6, 437,
1958.

3) Yk, AORP PAM R IBAZFAVHHE
T85, RO, 6, 442, 1958

4) $E¥, AOEL  HRBRISE L T ORHH,

=
= o

EEBRZHFHEIC pyridine BEET L4580
Oxime PATD, PPATD, PPAPD K Uf PAD %¢
DB, HERBADEICHTIRIERE PAM &
gLz,

1) NV AR I OFBRBRIBEICET 3 a8y
RIIBRLELE OBET PATD U PPATD #
PAM iTHRTENT WS, L LBET Zic8%
DEZED SN, PPAPD (3 PAM &5 Ling)
BERT.

2) PAM RU PATD iZfah & A ximts
FRIBRFICHHE LIc E ST BAROBERL, dikick
RILSBEN 3 & H05E B,

3) ZHNS®D Oxime | atropine ZHfH LTH
PR LEVEBAXD b IVBERREB LN,

4) PATD DH#HEE X PAM XD DDPENY
BEROETIRLL.

6) PATD b PAM E[EI#EIC ™ + X1M% cholin-
esterase DEEIEADH 3 EMEHENI. Lk
BOTHRNBESRKEEL OIS,

6) PAD 3% & 5Ti3 Ethylparathion thi
NY A XX I OFHTERYET PAM K3,

7) PAD 15 mg/kg X% &% Oxime KHE
LTHHERENES>TH 5.

JB A B RO 3 T D A0 5 AR N R
T % L3k, PAD %iBft Sk b B WiBkHTAE
BEEHE, ERCHALVARE M EERKE
Wi R BRI B I e R, SORKHE
ERT 5.
(FHROESRMABME 4L A BENLERELE
4SERSKRBRLL)
ARRAXBEHEVRESIC L 5 FREHT 5.

Ak

BANHPLWE, 47, 1542, 1959.

5) #uk, WA : Pyridine-2-aldoxime methio-
dide (PAM) Itk % ZHAH %A, ic BN
FEOKBRE, W O R, % 1959, BET
%E.

6) Tk, g A3 F 4 v RHEROES
BAEHEFH, No 1702, 10, 1956.



fTRBRPHEICEHT 0% 1357

D ¥k, B Az FFvdEenTs letal diisopropy! phosphono fluoridate poison-
2-pyridine aldoxime methiodide (PAM) iR ing, Nature, 182, 1672, 1958.
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8) Ammon, R.: Die fermentative Spaltung des ment, J. Pharmacol, 96, 99~113, 1949,
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Studies on Alkylphosphat Poisoning
Part 3. Effects of Oxime Compounds on Alkylphosphate Poisoning
By
Shoichi Okazaki

Department of Internal Medicine Okayama University Medical School
(Director : Prof. Kiyoshi Hiraki)

By salecting 4 oxime compounds possessing pyridine nucleus in the molecular construction,
namely, PATD, PPATD, PPAPD, and PAD, the author compared their therapautic effects
on alkylphosphate poisoning with the effect of PAM.

1. As for the therapeutic effect on alkylphosphats poisoning in mice, when administered
in the maximum safety dose, PATD and PPATD are superior to PAM, but on scratinous
examinations there can be recognized not any significant difference. Effect of PPAPD is about
the same as that of PAM.

2. Both PAM and PATD are most effective when administered concurrently with the
intravenous administration of alkylphosphate, but as the time before or after the administ-
ration of alkylphosphate lengthens, the effect of drugs decreases proportionately.

3. Aftropine used concurrently with these oxime compounis yields no better results than
without it.

4, The effect of PATD is slightly more lasting than PAM, but the difference is not
significant.

5. PATD has been proven to poss:ss a reactivating action on rabbit blood cholinesterase
just as PAM. Consequently it is assumed that the effective mechanism of both drugs is
same.

6. When an equal dose of PAD and PAM is aiministered to the mice with ethylpara.
thion poisoning, PAD is inferior to PAM in improving the mortality rat: of the mice.

7. There seems to be no benefit in administering intramus:ularly 15 mg/kg PAD
concurrently with the administration of various oximes.




