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ABSTRACT

The efficacy of Pro-PAM (N-methyl-l.6-dihydropyridine-2-

carbaldoxime hydrochloride) was compared to pyridine-2-aldoxime chloride

(PAM) as a treatment for organophosphate poisoning in mice and guinea pigs.

Pro-PAM was generally less toxic than PAM in mice and pH of the vehicle did

not appear to alter the toxicity of Pro-PAM. Pro-PAM alone and combined

with atropine improved the protective ratio (PR) of DFP and sarin in mice,

whereas it improved very slightly the PR of soman in guinea pigs. The

PR obtained with Pro-PAM combined %,ith carbamate prophylaxis and atropine

therapy versus soman poisoning was inferior to that obtained with PAM.

In most cases Pro-PAM and atropine prophylaxis produced higher brain

acetylcholinesterase (AChE) levels than PAM and atropine, however there

was no correlation between brain AChE levels and survival. The signifi-

cance of this lack of correlation is discussed. Pro-PAM was not a sig-

nificant improvement over PAM with regards to therapy of organophosphorus

poisoning. )1
•- (U)
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INTRODUCTION

The use of atropine as well as oximes is essential for

efficient Lherapy against poisoning by various organophosphorus com-

pounds (Johnson and Stewart, 1970; Natoff and Reiff, 1970). However,

one of the problems in treatment of organophosphate poisoning is getting

the reactivator of acetyicholinesterase (AChE) (e.g. pyridine-2-aldoxime

(PAM)) across the blood brain barrier (BBB). It is commonly thought

that reactivation of brain AChE and protection of the post-synaptic re-

ceptors will allow the central respiratory centre to maintain its normal

function, thus accounting for the therapeutic effectiveness of the atro-

pine, oxime treatment.

Various workers have found that systemic administration of PAM

does not reactivate phosphorylated AChE in the brain (Kewitz and

Nachmansohn, 1957; Hobbiger, 1957; O'Leary et al., 1959) even when given

in doses which produce a marked reactivation at peripheral sites (Edery

and Shatzberg-Porath, 1959; Fleisher et al., 1960; Milosevic et al.,

1961). However, other workers have found evidence suggesting that PAM

may have a central action: PAM reactivated brain AChE (Aarseth and
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Barstad, 1968; Rosenberg, 1960); had a definite effect on EEG of rabbits

exposed to sarin (Rosenberg, 1960); induced rapid recovery of con-

sciousness; and had anticonvulsant effects in people poisoned by parathion

(Namba and Hiraki, 1958; Karlog et al., 1958; Funches, 1960; Schuchter

et al., 1960). These effects may be due to the fact that the BBB is not

complete, i.e. certain areas of the brain (choroid plexus, area postrema,

neurohypophysis, fornix) are more accessible to quaternary ammonium

compounds than others (Ellin and Wills, 1964; Rosenberg, 1960; Wilson

et al., 1962; Firemark et al., 1964; Milosevic and Andjelhovic, 1966;

Hobbiger and Vojvodic, 1966).

Bodor et al. (1976) and Shek et al. (1976a, 1976b) recently

described the synthesis, metabolism and disposition of N-methyl-l,6-

dihydropyridine-2-carbaldoxime hydrochloride (Pro-PAM), a pro-drug 1 of

PAM. The pKa of Pro-PAM was 6.32; thus at physiological pH approximately

90% of the drug would be in the unionized form. Administration of Pro-

PAM resulted in higher brain levels of PAM and more reactivation of

phosphorylated AChE compared to animals receiving PAM (Shek et al.,

1976b).

The purpose of this study was to evaluate the effectiveness of

Pro-PAM, as compared to PAM alone and combined with atropine, in pro-

tecting mice and guinea pigs against the toxic effects of various orqano-

phosphate anticholinesterases.

METHODS

Toxicological Studies

In all experiments male mice (Charles River - CDA) (25-30 g)

and female guinea pigs (Hartley - Albino) (300-400 g) were used. The

1 "Pro-drug denotes a derivative of a known and proven drug, which
derivative, due to its improved physiochemical properties, in-
creases the bioavailability of the proven drug and which deriva-
tive is transformed by an enzymatic or chemical process into the
proven drug before reaching and/or at the site(s) of action."
(Bodor et al., 1976)
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prophylaxis was administered im, in the hind limb, 10 minutes prior to

receiving the organophosphorus anticholinesterase sc, in the scruff of

the neck. In preliminary experiments in mice, it was found that the 10

minute pretreatment time was optimum. Longer pretreatment times re-

sulted in lower protective ratios. The prophylaxis was administered in

either a pH 3.0 citrate buffer or a saline solution at pH 7.0. The in-

jection volumes were 1.0% and 0.1% of body weight in mice and guinea

pigs, respectively. The LD5 0 was calculated by means of probit analysis

and results were expressed as a protective ratio (PR equals the ratio of

LDs 0 of the toxic substance in treated animals to that in unprotected

animals). The drugs were evaluated as a prophylaxis since this would

ensure that they had reached adequate blood levels before administration

of the organophosphorus anticholinesterase, thus better assessing the

treatment's ability to protect the animal.

Brain AChE Determinations

Total brain AChE activity was determined in control animals

and in those surviving the various treatments. Doses of organophosphates

were used which in preliminary studies depressed brain AChE values with-

out producing any mortality. Thirty minutes after receiving organo-

phosphorus anticholinesterase, the animals were sacrificed by decapi-

tation and exsanguination. The brain was removed, rinsed in cold saline,

blotted dry and weighed. It was homogenized in the cold in a sufficient

amount of 0.9% saline to give a final solution of 100 mg brain tissue/ml

of saline.

Brain AChE activity was determined immediately by the titri-

metric procedure as described by Jensen-Holm et al. (1959). AChE acti-

vity was expressed as the number of pmoles of ACh hydrolysed/g of brain

tissue/minute.

The student "t" test was used to analyse all the data; a dif-

ference of p < 0.05 was considered significant.

MATERIALS

Soman, sarin and PAM-Cl were obtained from the Organic Chemistry
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Section, Defence Research Establishment Suffield, Alberta, Canada. Diiso-

propyifluorophosphate (DFP) was obtained from Aldrich Chemical Company.

Aqueous stock solutions of soman, sarin and DFP were prepared

immediately prior to injection and diluted to the required concentration

with 0.9% saline. At higher concentrations, DFP would not dissolve in

water, therefore a stock solution was prepared with ethanol as the sol-

vent. This stock solution was then diluted 1:10 to give the required

concentration for injection. Control injections were similarly prepared

with the organophosphate anticholinesterase being absent.

Pro-PAM was prepared according to the method of Bodor et al.

(1976) by the Organic Chemistry Section. Infra-red spectrum and elemental

analysis of our material were identical to that obtained by Bodor (per-

sonal communication). Immediately prior to injection, Pro-PAM was dis-

solved in pH 3.0 citrate buffer since this solution was found to be more

stable than an unbuffered aqueous solution or a solution at a higher pH

(Bodor et al., 1976; Bodor, personal communication; Clement, unpublished

results).

RESULTS

The data in table 1 demonstrate the effect of route of admini-

stration of Pro-PAM and PAM in mice. Following ip administration, the

LD5 0 s of the two drugs were very similar, whereas Pro-PAM was more toxic

by im administration and less toxic than PAM following iv administration.

The pH of the injected solution did not have any significant effect on

the LD5 0 of Pro-PAM following im administration.

Following im administration of a lethal dose of Pro-PAM, the

mice became lethargic and prostrate within 8-12 minutes following in-

jection. Tremor became visible, with respiratory arrest occurring 20-25

minutes post injection. The urine in Pro-PAM-treated animals was orange-

amber coloured. This urine colour was probably caused by Pro-PAM being

excreted in the urine. Due to the small amounts of urine, no attempt

was made to isolate and identify Pro-PAM chemically. In guinea pigs,
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the LD5 0 of Pro-PAM following im administration lies between 40 and 80

mg/kg. (At 40 mg/kg 0/5 deaths and at 80 mg/kg 5/5 died.) Death was

most probably due to anoxia caused by respiratory failure, since the

heart was still beating following cessation of breathing. Cholinergic

stimulation was not obvious, although a few animals exhibited lacrimation

but not excess salivation.

The results in table 2 demonstrate that Pro-PAM alone or com-

bined with atropine as a prophylaxis was more effective than PAM against

DFP poisoning while having no significant effect against soman or sarin

in mice. In guinea pigs (table 3), Pro-PAM + atropine increased the

protective ratio of soman but not sarin over that obtained with PAM +

atropine. However, the inclusion of Pro-PAM in a carbamate prophylaxis

regimen was less effective than that obtained with PAM (table 4). It

was noted that the survivors were not incapacitated in any obvious way,

however they did not consume as much water as normal untreated guinea

pigs.

The results in table 5 indicate that in mice the treatment of

Pro-PAM + atropine resulted in significant differences (p < 0.01) in the

activity of whole brain AChE compared to animals similarly treated with

PAM + atropine. It is interesting that only in the case of DFP did Pro-

PAM + atropine prophylaxis produce a sizeable increase in the protective

ratio as compared to that following PAM + atropine (table 2). In guinea

pigs, Pro-PAM + atropine produced a significant increase in brain AChE

activity in sarin treated animals, whereas in soman treated animals Pro-

PAM + atropine did not (table 6).

The results in table 7 are brain AChE values from animals ex-

posed to sarin. In animals killed with sarin (125 pg/kg) brain AChE

activity was still detected, while at higher doses of sarin (300 pg/kg)

no brain AChE activity was found. It is evident that there is no rela-

tionship between the level of brain AChE activity and survival.

DISCUSSION

Pro-PAM and PAM Cl had similar LD5 0s when administered ip,

UNCLASSIFIED
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whereas Pro-PAM was more toxic than PAM Cl when administered im or iv.

Also, Pro-PAM was more toxic when administered im than iv. This ap-

parent anomaly was probably due to the altered distribution and bio-

availability of PAM following Pro-PAM administration. Shek et al. (1976a)

found that Pro-PAM was converted to PAM in vivo and that this resulted in

a longer biological half-life and a different pattern of distribution of

PAM.

Pro-PAM was evaluated as a prophylaxis alone and combined with

atropine against poisoning by various organophosphate anticholinesterases.

The prophylactic administration was to ensure that the oxime was at the

site of action prior to administration of organophosphate anticholin-

esterase. By using this approach, differences in the efficacy of Pro-

PAM vs PAM would not be due to differences in absorption or distribution

but would be due to effect(s) at the active site(s). Pro-PAM plus atro-

pine prophylaxis increased the protective ratio of DFP in mice and soman

in guinea pigs. Given prophylactically, Pro-PAM alone increased slightly

the protective ratio against DFP poisoning in mice.

Oxime given partly as prophylaxis and partly as therapy appears

to be the most effective treatment (Gordon and Leadbeater, 1977). Gordon

et al. (1977) demonstrated that oxime plus carbamate prophylaxis combined

with oxime plus atropine therapy greatly increased the protective ratio

in guinea pigs against extremely toxic organophosphorus poisons. Pro-

PAM was evaluated in the above scheme, howeve-, the results in table 4

demonstrate that PAM was superior to Pro-PAM.

Previous investigators have reported that PAM does not re-

activate in vivo brain AChE but therapeutic doses in vitro will reacti-

vate brain AChE (Ellin and Wills, 1964). Pro-PAM + atropine in almost

all cases examined caused a significant increase in brain AChE activity

in mice and guinea pigs when compared to animals treated with PAM +

atropine. The increased brain levels of PAM following Pro-PAM admini-

stration (Shek et al., 1976b) were probably responsible for the reacti-

vation of brain AChE observed. Since the oxime was probably present in

the CNS, it is possible that soman-inhibited AChE was reactivated before
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it aged and/or less soman was present to inhibit the AChE due to a

direct action of the oxime and organophosphate as proposed by Heilbronn

and Tolagen (1965). The variable reactivation of brain AChE in animals

treated with soman may be due to species differences with regards to

penetration of the oxime to the brain.

The interesting point to emerge from this study was a lack of

correlation between reactivation of brain AChE and an increase in the

protective ratio. Similarly, Hobbiger and Vojvodi6 (1966) found no

correlation between the reactivation of brain AChE and the antidotal

actions of PAM combined with atropine against organophosphorus poisoning.

They concluded that the antidotal properties of pyridinium aldoxime de-

pend upon reactivation of AChE aL p(rripheral sites. There appear to

be differences in AChE in various areas with respect to inhibition by

organophosphates and reactivation by oximes. Jakl and Tabuch (1971)

found that soman inhibited brain AChE more than it inhibited diaphragm

ACHE. Mayer and Michalek (1971) found high concentrations of toxogonin

in tissues where little or no reactivation of AChE had taken place. They

stated that "penetration of obidoxime into a tissue is a necessary but

not sufficient condition for ChE reactivation". Similarly, Adams et al.

(1976) found that spontaneous recovery of central respiratory functions

following poisoning with sorndn or sarin was possible without any noticeable

reactivation of AChE activity.

Organophosphate poisoning is undoubtedly the result of inhibi-

tion of AChE, however the relationship between inhibition of brain AChE

and the other neurochemical changes which occur in the ensuing death

remains to be determined.
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TABLE 1

EFFECT OF ROUTE OF ADMINISTRATION AND pH OF THE VEHICLE

ON THE TOXICITY OF PRO-PAM AND PAM IN MICE

Compound pH of LD5 0 (mg/kg)
Compound vehicle

IM IV IP

Pro-PAM 3.0 125a 168 173
(110-140) (171-175)

7.6 115

PAM 3.0 210 95 162
(183-268) (75-130) (152-174)

a mean

± 95% confidence limits
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TABLE 2

COMPARISON OF THE EFFICACY OF PRO-PAM TO PAM

IN PROTECTING MICE AGAINST ORGANOPHOSPHATE POISONING

rsa Dose Protective Ratiob

Prophylaxis (mg/kg) Soman Sarin DFP

PAM 50 0.96 1.28 1.41

Pro-PAM 50 0.87 1.31 2.20

PAM + Atropine 50 + 17.4 1.12 3.04 11.2

Pro-PAM + Atropine 50 + 17.4 1.23 3.21 19.2

a Prophylaxis was administered im in pH 3.0 citrate buffer

10 minutes prior to receiving the organophosphate sc.

b Protective Ratio = LD50 of prophylaxis and organophosphate

LD5 0 of organophosphate
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TABLE 3

COMPARISON OF THE EFFICACY OF PRO-PAM TO PAM

IN PROTECTING GUINEA PIGS AGAINST ORGANOPHOSPHATE POISONING

Prophylaxisa Dose Protective Ratio

(mg/kg) Soman Sarin

Pro-PAM + Atropine 15 + 17.4 2.7 > 34b

PAM + Atropine 15 + 17.4 1.8 > 34

a The prophylaxis was administered im in pH 3.0 citrate

buffer 10 minutes prior to sc administration of the
organophosphate.

b Two of 10 animals died, whereas none died of those

receiving PAM + atropine.
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TABLE 4

COMPARISON OF PRO-PAM AND PAM AS COMPONENTS

OF PROPHYLAXIS AND THERAPY REGIMEN OF SOMAN POISONING

IN FEMALE GUINEA PIGS

Mortality
Compound

24 hour 48 hour

Pro-PAMa 3/5 4/5

PAM CI 0/4 1/4

a either PAM Cl (15 mg/kg) or Pro-PAM (15 mg/kg) +

pyridostigmine (100 pg/kg) were administered im
30 minutes prior to receiving 5 LD50s of soman sc.
One minute later atropine (17.4 mg/kg) + either
PAM Cl (15 mg/kg) or Pro-PAM (15 mg/kg) was admini-
stered im.
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•' TABLE 5

EFFECTIVENESS OF PRO-PAM IN REACTIVATING

ORGANOPHOSPHATE-INHIBITED MOUSE BRAIN AChE

I ipmol ACh hydrolyzed/g/mina

Prophylaxis
sarin soman DFP

PAM + Atropineb 0.09 ± 0.02c 1.47 ± 0.15 0.21 ± 0.03
(8) (15) (5)

Pro-PAM + Atropine 0.60 ± 0.06 2.13 ± 0.32 0.69 ± 0.18
(8) (10) (4)

a Control 5.09 ± 0.7

(6)

b Atropine (17.4 mg/kg) + oxime (50 mg/kg) were administered im
10 minutes prior to sc administration of either sarin (300 pg/kg),
soman (130 pg/kg) or DFP (25 mg/kg).

C mean ± SEM
(N)
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TABLE 6

EFFECTIVENESS OF PRO-PAM IN REACTIVATING

ORGANOPHOSPHATE-INHIBITED GUINEA PIG BRAIN AChE

pmol ACh hydrolysed/g/min
Prophylaxis

sarin soman

PAM + Atropineb 0.26 ± 0.06c 1.30 ± 0.11
(5) (5)

Pro-PAM + Atropine 0.44 ± 0.04 0.69 ± 0.05
(5) (5)

a Control 5.22 ± 0.13 pmol ACh hydrolysed/g/min N=5

b Atropine (17.4 mg/kg) + oxime (15 mg/kg) were administered

im 10 minutes prior to sc administration of sarin (700
pg/kg) or soman (25 pg/kg).

C mean ± SEM

(N)
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TABLE 7

BRAIN AChE ACTIVITY IN MICE EXPOSED TO SARINa

Dose Dose of Sarin SmoI ACh/gb NPretreatment (gk) (/g) Status tissue/min
(mg/kg) (pg/kg) tsu/i

125 dead 0.84 ± 0.11 8

S125 alive 0.46 ± 0.37 2

atropine 17.4 125 dead 0.37 ± 0.08 4

atropine 17.4 125 alive 0.09 ± 0.02 8
+ PAM Cl 50.0

...... -300 dead 0 5

a Mice received sarin (125 vg/kg) sc. AChE levels in 1 hour sur-

vivors and those dead were measured.

b Control AChE activity 5.09 ± 0.7 (N=6) umol ACh/g tissue/min.

UNCLASSIFIED



UNCLASSIFIED

gakurHt C~e•afaIetn

"DOCUMENT CONTROL DATA - R & D
ISeculIv clsaalicatlon of title., body of Odtract and Indexing annotation must be entered when the ovoaall d¢ocument is clNsufsedl

I ORIGINATINO ACTIVITY 2s. DOCUMENT SECURITY CLASSIFICATION
UNCLASSIFIED

DEFENCE RESEARCH ESTABLISHMENT SUFFIELD 2b. GROUP

EFFICACY OF PRO-A.. (N.-METHYL-I ,6-DIHYDROPYRIDINE-2-CARBALDOXIME HYDROCHLORIDE)

AS A TREATMENT FOR QGANOPHOSPHATE .OISONING ,_
4 DESCRIPTIVE NOTE3 - o ,, of reior ..- .I UN F'.

& AUTHOR(S) (Last name. fires name. mk0 1&-I.fltlls"'-v 4 "

6. DOCUMENT DATE IL FebR 278

& PROJECT OR GRANT NO. 9.. ORIGINATOW NUMBERIS)

f tb. CONTRACT NO. .,momm'"yL.S•, ll~ignd this document)

10. DISTRIBUTION STATEMENT

"UNLIMITED DISTRIBUTION"

11. SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

"13. ABSTRACT

The efficacy of Pro-PAM (N-methyl-I ,6-dihydropyridine-2-carbaldoxime
hydrochloride) was compared to pyridine-2-aldoxime chloride (PAM) as a
treatment for organophosphate poisoning in mice and guinea pigs. Pro-PAM
was generally less toxic than PAM in mice and pH of the vehicle did not
appear to alter the toxicity of Pro-PAM. Pro-PAM alone and combined with
atropine improved the protective ratio (PR) of DFP and sarin in mice,
whereas it improved very slightly the PR of soman in guinea piqs. The
PR obtained with Pro-PAM combined with carbamate prophylaxis and atropine
therapy versus soman poisoning was inferior to that obtained with PAM.
In most cases Pro-PAM and atropine prophylaxis produced higher brain
acetylcholinesterase (AChE) levels than PAM and atropine, however there
was no correlation between brain AChE levels and survival. The signifi-
cance of this lack of correlation is discussed. Pro-PAM was not a sig-
nificant improvement over PAM with regards to therapy of organophosphorus
poisoning.

(U)

to-oilo

I . . . . Io IIr, . . . . . ..Ir, i . = . . . . .



'11 IF For

UNCLASSIFIED___

KEY WORDS

Sarin

Soman

Pro- PAM

Oxime

INSTRUCTIONS

1. ORIGINA1 ING, ACTIVITY Enter the name end address of the 9b. OTHER DOCUMENT NUMBER(S) lItthe document has bean
figns.immon iQIsi~iiq (he document. assigned any other document numbers; (either by the originator

or by the sponsor), also enter this numberfs).
In. DOCUMENT SECURI rY CLASSIFICATION: Enter the overall

*security classification of the document including special warning 110. DISTRIBUTION STATEMENT: Enter any limitations on
terms wheneaver applicable. f urthler dissemination of the document, other then those imposed

by security classification. using standerd statements such as
2b, GR-OUP Eniter security reclassification group number. The three

g iiispt aiii definod in Appendix 'M'of tho ORB Security Regulations. (1l "Oualified requesters may obtain copies of this
document from their defence documentation center."

3 DOCUMENT TITLE Enter the complete document title in all
ispitat letter s. T itlvs in all cases should be unclassified. If a (2) "Announcement and dissemination of this document

sullrciently desiciptive title cannot be selected without classifil- is not authorized without prior approval from
.ition. show title classification with the usual one-capital-latter originating activity."

,ibliirsreitn in paienthesrs immediately following the title.
11. SUI'PLEMENTARY NOTES. Use for additional explanatory

4 DES'CRIPTIVE NOTES Enteir the categorry of document. e.g. no..
ir'r hirical report. technical note or technical letter. If appopri-
aeti. ientier the type of dfocument, e.g. interim, progress, 12. SPONSORING ACTIVITY: Enter the name of the deaertmental
stiiiriatii. innual or final. Give the inclusive dates when a project office or laboratory sponsoring the research end
%(icifc reporting period is covered, development. Include address.

5- AUTHOHISI: Enter the nomols) of authorls) as shown on or 13. ABSTRACT: Enter an abstract givinig a brief and factual
mi 'ho dtocument. Enter lest name, first namne, middle initial, summary of the document, even though it may olso appear
If stilitary, show iank. Th" name of thie principal author is an elsewhere in the body of the document itself It is highly
abtrilute minimum retfuiiniuient. desirable that the abstrac of clasisified documents be unclafssi

* fled. Each paragiraph of the abstract shalt end with an
63. DOCUMENT DATE. Enter the date (month, yeau) of indication of the security classification of the information

Estattlishmeont epproval for publication of the document. in the paragraph (unless the document itself io unclassified)
represented as ITS), IS). IC), IRI. or IU).

J'i TOTAL NUMBER OF PAGES: The total page count should
flrlow normal paglination procedures. i.e., enter the number The length of the abstract should be limited to 20 single-spaced
ofi pagesq iiintaining informoation. standard typewritten lines; 7%S inches long.

/I,. NUMBER OF 1tEl'LREN('ES: Enter the total number of 14. KEY WORDS: Key words are technically meanintraful terms or
ritrfereir, irs i ii in ilm. ditrimrirnt. short phrases that characterize a document aind could be helpful

in cataloging the document. Key words shourld ti salercter sit
&e 40#40.1t: I OR GRHANT NUMBER. If appropriate, enter the that no security classification is required. Identifiris. such as

.piupalrttifi iisrsearclsiiii il vetossinant project or grant number equipment maoda designation, finide nasem. military projict rode
wirirtii which the rlrittmeoni was written, name, gegaphic location. may he used as key wools but will

lie followed by an indication of technical context.
fRb. CONTRACT NUMBER It appropriate, linter the applicable

irmirrotre undter which tho document was written.

9a. ORIGINATOR'S DOCUMENT NUMBER(S) Enter the
offlicial drncrimeirt inumber fly which the document will be

* tlientiriirtl endi controlled fly the originating activity. This
* nuimber must be unique to this document.


