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present the recommended remedy. Recently, 2-PAM has
been reported to enhance considerably .the activity of
atropine in the chemotherepeusis of poisoning due to or-
ganophosphorus compounds. - ‘

" The compounds of Formula I above in which R contains
from 2 to 6 carbon atoms are appreciably more effective
than 2-PAM ‘as reactivators of GB-inhibited acetylcho-
linesterase and also in enhancing the activity of atropine
in both therapy and propylaxis. When X~ is bromide,
the variation of the rate constant for the in vitro reactiva.
tion of GB inhibited eel acetylcholinsterase at pH 7.4 and
25° C. was found to be as-follows:

TABLE I :

Rate constant

R (1./moles/minutes)

(CHa) g mom 7x103
(CH3)g mmm ol 6x103
(CHg)g —eeo 6102
(CHy)5 o7 1x 104
(CH,), e e 6X108

When' administered in combination - with atropine to
animals poisoned with GB the order of &ffectivensss was
somewhat different. Under these conditions the com-
pound in which R=(CH,),, i.e., 1,- V'-trimethylene bis (4-
formylphyridinum) bromide dioxime also known as TMB-

4,-was most effective. In rats challenged- with a 2LD;,

dose. of GB administered intravenously, all of a group of
six ‘animals’ survived if the atropine-TMB-4 combination

was administered intravénously immediately after. poison-
ing.
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‘The atropine-2-PAM combination saved only two of -
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the group of animals. On the other hand, with dogs

which were given a 201.D;, dose of GB subcutaneously the
survival ratios were the same (4/5) for the two treatments,
which were given intravenously when symptoms-appeared.
However, the recovery time was much shorter for the
surviving animals which received the TMB-4, ice., 2 hours,
as against 24 hours for those recetving. the 2-PAM.

A summary of the reactivation rates and survival ratios
for these compounds when administered therapeutically to
rats together with atropine is-as follows:

TABLE 2
: Reactiva- | - Survival

R " tion rate - ratio

. coustant- | (GB)
(CHs. . o b x| 6/6
(CH2)3: oo . - S 6X108 -6/6
(CHz)s.. . 6X108 | 6/6
(CH2)s: -~ UL 1X104 6/6
B (03 273 P | eXios 3/4

These compounds comstitute our

s ] presenﬂy preferred
. group. :
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- Cur compounds may bejemployed prophylactically; ie.,

injected ‘before exposure to the anticholinesterase ‘agent,
e.g., GB, or therapeutically, i.e., injecied subsequent to-ex-
posure. i L

- The following ‘series of experiments .compares the ef-
fectiveness of our presently preferred compound, TMB-4,
‘with 2-PAM applied to various .animals by these two
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" methods. The animals were poisoned by injections -of
GB-as follows: ST oo :
Micesiios il 0.173 mg./kg. (LDg)." - 99
Ratseoo o o il 0,126 mg./kg. (2L.Ds,),-
:Rabbits: - Conas - .

"~ vintravenousii s __ 10:340 mg./kg.. (201.D;5).
subcutaneous. .- __ ~2i2-: 0.900 mg./kg: (20LDsg):

‘Dogs and Cats; - . S e s

intravenous.. .. >____:_ 0.440 mg./kg: (20LD5).
“subcutaneous__..___- ~—-. 0.900 mg./kg. (20LDsg).

" 'To minimize Vébsorption'effects both the GB-and T'MB-4

“were ordinarily -given intravenously.” However, in the w5
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“therapeutic” tests on rabbits, dogs and cats, the GB was
administered subcutaneously, since death from 20 1LDs,
intravenous dose of GB occurs so quickly that it is virtu-
ally impossible to give timely administration of the anti-
dote. Lo :

Atropine, -when administered,” was included in the fol-
lowing amounts.

Meg./kg.
Rats 4.
Rabbits -l 2
Pogs and Cats_ . .. ______________ .- 0.5

The “prophylactic” doses were given within two minutes
prior to the injection of the GB, the “therapeutic” doses so
soon as poisoning symptoms were visible. )

Table 3 shows the results.

TABLE 3
A. PROPHYLATIC

2-PAM TMB-4
Animals ’ : - . K
Dose | Survival| Ratio Dose | Survival | - Ratio -
mg./kg.| without with || mg./kg. without | ‘with
atropine | atropine {| - _atropine | atropine
40 12 | 0/10 f_oo_ .
40 25 (17130 R
5 5 :2/5
40 20 5/5
40 20 5/5
Mice.___.__ 40 12 0/10 {-eeaollill
Rats_.___-. 40 25 6/8
-Rabbits_... 5 5 4/6
Cats._._.__ 40 20 3/5
Dogs. .- 40 20 4/5

The recovery- periods, i.e., time’ for disappearance . of -
symptoms of poisoning, among survivors in the above:
tests, with atropine, were as follows. ’

TABLE 4 -
2-PAM TMB-4:
Animals: . - E
s Prophy- Thera- - Prophy- Thera-
lactic _peutic lactic . beutic

The compounds of Formula I'in Which R contains from
7 to 10 carbon -atoms are less effective than those. of '
our preferred group. - For these compounds the reactiva-
tion rate constant and the sutvival ratio for rats (meas-
ured as given above) were as follows, X— being bromide.

TABLE 5
R Rate Survival'
: constant | ratio (GB)
(CHa)r. ... 9108 0j4
[0 2 0 1.2X103 0/4
(CHa)p..- - [ . .. 0/4.
JGEn N — L4X108 | 0/6

While these compounds were ineffective in vivo against
GB, they were, together with 2-PAM, very effective against
certain other anticholinesterases, particularly that desig--
nated as VX by the U.S. Army Chemical Corps.-“All
these compounds caused survival of all animals  (survival
rates of 4/4 and 6/6), when administered therapeutically -
to rats challenged by 2LDj, doses-of VX. - - . L

The compounds ‘of Fortula TF exhibited properties.in-

termediate those- of the two subgroups of - Formula-1. "

Wkheén X~ was chioride the compound had the following



