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FOREWOR D)

The work described in this report was authnrized under Task 1B662706A0Q701),
Medical Defense Aspects of ('hemical Agents, Lethal Agents (UJ). The work was started in
March 1967 and was completed March 1968. The experimental data arc recorded in notebook
MN 1808.

In conducting the research described in this report, the investigators adhered to the
"Guide for Laboratory Animals Facilities and Care" as promulgated by the Committee on the
Guide for Laboratory Animal Resources, National Academy of Sciences National Research
Council.

Reproduction of this document in whole or in part is prohibited except with per-
mission of the Commanding Officer, Edgewood Arsenal, ATTN: SMUEA-TSIi-T, Edgewood
Arsenal. Maryland 21010; however, DDC and the Clearinghouse for Federal Scientific and
Technical Information are authorized to reproduce this document.
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This work was underlaken to determine the effectiveness of atropine .2.PAMCI
tre-atmecnt of animails poisoned with l)ia/inon, an organopihosplhate requiring metabolic
activation prior Ut becoming an inhibitor of( holinesterase ('hE).

Inhibi J diaphragim (C'h" in rats poisoned with this organophospha*., and treated 24
hours later wOi• ..- PA M('I sho•wed ms4'iticairli reakt ivatI ion regardless of whet her the oxime was
administered .. Ihlie oral or iotlavenoLw, imi'. t Hlowever, 2-I'AMMCI given with intramuscular
atropine to rats inlo-xicated willh Iahal il •,k s %ignilicantly more effective by the oral route
than when injected intravi, :., ,,l

O( ir findings .p.•,.t l.ii iI ,s!pm,.tl utI l)ia,inon intoxication requires the
maintenance o0 a hIL,.l V I I ,.t f II k ,. *• I' 1. 4,4', C,%1IVtIt' inhibited ChE during the time in
which active inhibitor is hfi , nl, I iý. an ,Ltvi moli readily achieved when 2-PAMCI is given
orally following an1 i1ni ,i inI 11 CI'lIU% d,,. A o 1uJ1UJ 11•0I.)l ,ith atropine given intramuscularly.
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"TlI I[ lIFF('TS OF ATROPI Nil, OXINI{ 1TItFRAIPY
ON c'I-lINISr'TRASI- A(1rvi I Y ANI)iI T SLJRVIVA I

Gi- xNWMA LS POISONIEI) Willi l)IAZINON

1, INTROI)ttC'ION.

This study was undertaken to provide information on the antidotal , lled clvness ti
pyridinc-2-aldoxime niethochloride (2-PAM('I) against l)iazinon (I) poisoning in animals in
view of conflicting reports concerning its usefulness against this organophtsphale.I

(('i1150)1 P(so 10 IK W'I('13) 2

- N
('113

), O-Die thyl O-(2-isop ropyl-6-niethy1y-4-pyri midyl) phosphorot hionate

One possible mechanism limiting the effectiveness of 2-PAMCI would be the gradual
conversion of Diazinon-inhibited cholinesterasc (ClIE) to a state resistant to reactivation by
nucleophilic compounds like 2-PAMCI, a phenomenon called -aging." 3

!I
Metabolic activation of Diazinon to a more potent anticholinesterase in vitro has

been reported. 4 ,5 The fact that toxic signs in rats given l)iazinon are slow to appear- may be a
reflection of such metabolic activation of l)iazinon. If this occurs in vivo in a manner
analogous to parathin, 6 a single intravenous injection of 2-PAMCI given at the first sign of
poisoning might be only temporarily effective I ecause the Diazinon would continue to be
activated beyond the time that an adequate concentration of oxime would be present. The oral
roote, yielding more prolonged blood levels of oxime, 7 ,8 would bc more effective.

The relative ineffectiveness of 2-PAM(I alone in experimental animals given
l)iazinon suggested that the effect of 2-PAM('I administered adjunctively with atropine be
studied. The rate of inhibition and spontaneous recovery of ChE in animals poisoned with
Diazinon, the rate of conversion of the phosphorylated ChE to a form resistant to oxime
therapy, and the therapeutic activity of atropine sulfate and 2-PAMCI were studied with the
above considerations in mind.

SIl. EXPERIM ENTATION.

A. Materials.

2-PAMCl and atropine sulfate were obtained from commercial sources. The oxime
was dissolved in 0.91% NaCI as needed. The resulting solution was brought to approximate
neutrality with NaOH. Atropine sulfate was prepared in distilled water. Technical Diazinon,
Batch No. FL-6199 and 91.9% pure, was kindly supplied by Geigy Chemical Corporation,

Ardsley, N. ' .,and was dissolved in peanut oil just before use.

71
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B. Animals.

Female albino rats (I 10 to 140 grams) and rabbits (2.2 to 2.6 kg) were used.
Diazinon and 2-PAMCI were administered to the rats in volumes of 2.5 ml/kg, and atropine
was injected in I ml/kg doses. All solutions were given to the rabbits in I mIl/kg doses.

C. Methods.

I . Enyme A ,

Brain and diaphragm ChE activity was measured in rats at various intervals alter
poisoning with 234 mg/kg (0.8 LD50) Diazinon orally. To reduce mortality at this dose, the
aninals were given atropine intramuscularly (im) 10 minutes after poisoning. After sacrificing.
the brains and diaphragms were removed, washed, blotted, weighed, and homogenized in
distilled water to yield a 10% (fresh weight) homogenate. Each brain homogenate was further
'diluted with a solution of 0.3M NaCI and 0.05M phosphate buffer at phl 7.4 to yield a 2'1
homogenate. The diaphragm homogenates were diluted in the same buffered medium to a final
concentration of 5%. The acetylcholinesterase (AChE) activity of brain was measured
colorimetrically by incubating I ml of the brain suspension for 30 minutes at 25'C with I ml
of 0.006M acetyl-#-methylcholine (mecholyl) prepared in the same buffer. The ChE activity of
the diaphragm was measured by incubating I ml of homogenate with I ml 0.004M
acetylcholine chloride (ACh) for 28 minutes at 37"C. The method for assay of enzyme activity
has been described. 9

2. Aging.

The rate of conversion of the inhibited enzyme to a state resistant to oxime
treatment was studied by poisoning rats with 0.8 LD5O of Diazinvn orally. After the rats were
sacrificed at time intervals shown in figure 1, 20% brain homogenates were prepared in H20.
An 0.8-ml aliquot of homogenate was incubated with 0.2 ml of 10-1M monoisonitrosoacetone
(MINA) in 0.25M phosphate buffer, pH 7.8, for I hour at 25°C to determine reactivatability
of inhibited AChE. A second aliquot of the same homogenate was incubated with buffer alone
to obtain, as a control, the level of resfdual AChE activity. The homogenates were then diluted
to a 2% concentration. The AChE activity was then measured by the method described above.

3. Reactivation of Inhibited Diaphragm ChE by 2-PAMCI in Vivo.

Rats were poisoned orally with 0.8 LD50 of Diazinon followed by administration of
16 mg/kg atropine (im). After 24 hours these rats were divided into three groups: Group I
received 30 mg/kg 2-PAMCI intravenously (iv), Group I! received 30 mg/kg 2-PAMCI orally,
and group III was untreated and set aside as poisoned controls. One hour after 2-PAMCI
treatment the animals were sacrificed and their diaphragms removed. The diaphragm ChE
activity of each group was measured as described above.

8 i-
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Figure I. Aging of Brain Acetylcholinesterase (AChE) in Rats Poisoned With Diazinon

4. Toxicity and Therapy.

All estimates of the LD50 of Diazinon in rats and rabbits were based on 24-hourmortalities in groups of six rats and four rabbits givcn four dose levels having :i constant

logarithnic increment between successive doses. The LD50 was found by the method of
moving averages developed by Thompson (1947)10 and the mortality tables constructed by
Weil (1952).11

5. Changes in Whole Blood ChE Activity and Survival in Poisoned Rabbits Treated
With Atropine and 2-PAMCI.

Rabbits (2.0 to 2.5 kg) were used in this study. Blood samples were taken from the
vein (or artery) of either ear with a heparinized syringe. After a control blood sample had been
removed, each rabbit was given 1600 mg/kg Diazinon* subcutaneously (sc). At the first signs Ik
*The sc LD50 of Diazinon in female rabbits was found to be 670.0 (95% confidence limits:
474.3 to 946.3) mg/kg.

9
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of poisonling, 1t rug 01 .rtropine were injected i in. Samples of blood were ta ken alter poisun ing
and at various time intervak af ter treatmenvt with oxi me, Lis shown in figure 2. 1 hie Whole
bloodl (hE activity was assayed in the manner described by Fleisher et a!9ý After thi, last blood
sr ruple 'or the dJay had beecn takeni, aninima s were givenl 16 m~g atropine im amri placed in cajes
Withi foodI aid water. The next morning blood samples were taken from surviving aninials
before and af'ter oxirne treatme nt to ascertain the whole- blood Chi. activity.

Ill. RE1SULT'S.

A. Changes in Brain and Diaphragm ('hE in Rats After Poisoning Wili tlialinon.

Changes in enzyme levels of both tisýsues are summtarized in table 1. 1 he ('hEl activity
oif both tissues gradually recovers. but in the case of diaphragn ('hF, the recovery begins only
after 24 hours. The enzyme activity of (ire diaphragm increases fronm 15 .5'- of the level
in unpoisonled cotntrol animials at 24 hours after poisoning to 62.0ý, 140 hours after p~oibom .ng.
Thre AChF activity of tire brain also recovers but to a lesser degree during (tie same time
interval.

Table 1. C'ho lirrest erase Activity of Rat Brain and Diaphragm Iltomogenatesa at
Various Times After Poisoning With Diazinori

imAfter Percent ot' Control CitE Activity
Poisoning __ (I) = 0.05)F
(houirs) 1- Di-aphr-agm - Brain1

3 22.7 ± 7.8 2 1.6 ±8.4
24 15.-5 ±6.3 7 22.6 t±4,3
48 27.2 ±7.5 26.0 t4-8
72 40.1 t3.0 32.3 ±8.4
92 55.0 ±7.2 45.5 ±7.4

1 16 64.0 17.7 I 41.2 ±4.9

j Six aninials were usdfr ah icitevli t~he ease of brain Ch 4l ad1 allaimals inl the

B. Aging of Rabbit Brain AChE.

The mean values for the percentage of brain AChE react ivatahle by MINA were
calculated and plotted as a function of time elapsing between the inijetiort oJiazinon' ...
sampling into MINA (figure 1). Trhe decrease in reactivatability is consistent with iairst-ordcr
kinetics over the time intervals shown. The half-time for aging was estimated by interpolation
from the curve to be 42.0 (37.0 to 5 1.0; P 0.95) hours for brain AChE.
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C. Antagonism of Diazinon Poisoning.

The ioxicity of Diazinon administered orally to rats with and without various
treatments is presented in table II. Rats receiving I LD50 (293.8 mg/kg) showed slight to
moderate signs I to 2 hours after poisoning. At higher dose of Diazinon, the animals showed
signs of poisoning within 10 to 15 minutes. Consequently, 10 minutes was chosen for the first
administration of therapeutic compounds. Administration of atropine im 3r 2-PAMCI iv alone
10 minutes after poisoning provided little or no protection (table I1). A single (lose of 2-PAM(I
alone administered orally resulted in more protection, as measured by elevation of the LD50,
but not significantly more than that of atropine alone. When a single dose of oxime was given
iv adjunctiveiy with atropine im or again a second time iv 4 hours after poisoning, either alone
or with atropine, protection was not significantly greater than with a single dose of atropine
and 2-PAMCI. When a single dose of the oxime was given orally in conjunction with atropine
im, or followed by a subsequent dose of 2-PAMCI administered either orally or iv, with or
without atropine, the 1,150 was increased to between 2.7 and 3.7 ti-nes the LiD50 ill untreated

rats. Animals which survived poisoning with more than 800 mg/kg of Diazinon (luring the
LD50 study and which were treated with atropine and 2-PAMCI still showed marked signs of
organophosphorus poisoning at 24 hours. However, almost all signs of poisoning had
disappeared 48 hours after poisoning.

Table II. The Effects of Various Treatments on the LD50 of Diazinona in Rats

Treatment 1IL5 ai

1st (t = 10 min)b Ind (t = 4 hojrs)b LD50 TReatoAtoieAtropine Treatedg/k
16ropin- PAM 16ngk PAM Lmt)g/ Untreated

30 mg/kg 1 3 mg/kg

(im) 306mg/kg i

S-- - 293.8 (252.0-342.5) 1.00

+ 396.2 (301.8-520.5) 1.35
- Oral - 513.4 (422.8-62 -.4) 1.75
- iv - - 355.0 (265.0-476.0) 1.21
+ iv - -- 498.8 (424.0-587.0) 1.70
+ Oral 925.8 (716.1-1197.0) 3.16
+ Oral + - 1082.0 (836.5-1398.0) 3.69

+ iv - 317.0 '241.0-419.5) 1.08
+ Oral - Oral 832.0 (587.0-1170.0) 2.84+ I iv Oral 1000.0 (670.C-1489.0) 3.41

+ Oral + Oral 794.1 (533.0-1180.0) 2.71
+ iv Orali 875.0(718.0-1084.0) 2.98

+ iv + Iv 552.6 (315.5-612.0) 1.88
+ Oral + i 1000.0(779.0-1278.0) 3.41

aDiazinon was given orally.

bTime after poisoning with diazinon.
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D. Reactivation of ChE by 2-PAMCIIn Vivo.

Rats were poisoned with 0.8 LD50 of Diazinon orally and treated with 2-PAMCI by
the iv or oral route 24 hours later. One hour after this they were sacrificed and the ChE
activity was measured. The results shown in table Ill indicate that treatment with 2-PAMCI
reactivated the inhibited diaphragm ChE.

Table I1l. The Effect of 2-PAMCIa on Diaphragm ChE Activity in Rats Poisoned With
0.8 LD50 of Diazinon

Treatmnent lDiaphragm ChE Activity
% Normal ± S.D.

None 10.8 ±3.0
PAM (oral) 35.3 ±6.4
PAM (iv) 45.2 ±7.5

apAIVA, 30 mg/kg, 24 hours after poisoning.

E. Blood ChE Activity and Survival in Rabbits Treated With Atropine and 2-PAMCI.- -1

Poisoning of rabbits with 1600 mg/kg of Diazinon sc resulted in marked inhibition I-
of whole blood ChE (figure 2). Administration of 2-PAMCI by the iv route alone (broken line)
or with oral therapy (solid line) resulted in rapid reactivation of blood ChE. Within a short
period muscle weakness reappeared in animals given 30 mg/kg of 2-P,-MCI iv, and analysis of
blood ChE showed renewed inhibition. Return of muscle weakness was delayed in those
animals that received the oxime by both the oral and iv route. Blood ChE levels in the rabbits
showing renewed signs of poisoning were again depressed. A second injection of 2-PAMCI again
decreased muscle weakness and reactivated blood ChE. The first 2-PAMCI injection appeared
to be more effective in reactivating inhibited blood ChE than subsequent injections (figure 2).
All animals given only iv therapy were dead the next morning. Those that received 2-PAMCI by
both the iv and oral routes were still alive at this time and were given 2-PAMCI iv. Reactivation
of tie blood ChE still occurred (figure 2, solid line).

IV. DISCUSSION.

The fraction of activity that can be restored to a phosphorylated enzyme decreases
exponentially in the absence of an effective oxime.1 2 ,1 3 ,14 The rate of formation of the
irreversibly inhibited ("aged") phostphorylated enzyme in brain increases in the order: diethyl
phosphate <diisopropyl phosphate <dimethyl phosphate.l 5,1 6 Since animals poisoned with
Diazinon would be expected to produce a diethyl phosphorylated enzyme, one would expect
the rate of aging to be relatively slow. Our finding is in approximate agreement with that of
Hobbigerl 5 who reported the half-time (t11/2) for aging of the diethyl phosphoryl enzyme to
be 36 hours. In our study the tl/2 for aging of rat brain AChE from animals poisoned with
Diazinon was 42 hours. This longer time intervi,! may be due to the time required for
metabolic activation of Diazinon to an active anticholinesterase.

13
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Two factors are probably responsible for recovery of ChE activity in animals
poisoned with organophosphates; (1) synthesis of new ChE and (2) spontaneous dephos-
phorylation of the inhibited ChE.17 A contribution from either source would not be
measurable in cases of poisoning with indirect inhibitors like Diazinon until all of the
insecticide had been converted to the active anticholinesterase. The persistence of the active
inhibitor would be expected to be dose dependent; i.e., the higher the dose, the longer an"appreciable" concentration of active inhibitor would be present in the body. The comments
apply directly to the findings in table 1. Spontaneous reactivation of diaphragm ChE could not
be detected during the first 24 hours, but both tissues underwent progressive recovery
thereafter. Comparable spontaneous recovery of rat brain ChE has also been observed in
animals poisoned with parathion and tetraethylpyrophosphate (TEPP) 18 which, like Diazinon,
form a diethyl phosphorylated enzyme.

Willsl evaluated some of the findings of Namba on the effectiveness of oxinies in
reactivating ChE and in reducing mortality in experimental animals after poisoning with
alkylphosphates. 2-PAMCI in this instance was reported to have failed to reduce mortality
caused by Diazinon poisoning. Wills pointed out that oximes were used alone in those
experiments, and that if a mixture of atropine and oxime had been used for treatment of the
poisoning by Diazinon, the results might have been different from those obtained. Our findingsand those of othersl 9 ,2(I support this supposition. 2-PAMCI when administered orally in

conjunction with atropine, irn, increased the LDS0 to 3.16 times that in untreated rats (table
11). When 2-PAMC! was administered iv adjunctively with atropine, the LD50 was only
increased 1.7 times. ThL Jifference between the protection offered by the administration of
oral and iv 2-PAMCI in conjunction with atropine was probably caused by the greater duration
of an effective level of oxime in the blood after oral 2-PAMCI treatment. 7 The failure of
2-PAMCI when administered iv along with atropine to give protection significantly beyond
atropine alone (table I1) was probably because of its rapid loss from the blood plasma. 8

Oral administration of 2-PAMCI shortly after Diazinon suggested the possibility of
interaction between the two, 2 1,2 2 which could possibly affect the protection ratio offered by
oxime treatment. This possibility was studied by measuring the intraperitoneal (ip) LD50's of
Diazinon alone and with atropine im and 2-PAMCI orally. They were found to be 399.0
(341.9 to 465.7) mg/kg and 1242.0 (928.0 to 1662.0) mg/kg, respectively, or 3.1 times tile
untreated LD50.

The similarity in protection by oral 2-PAMCI against Diazinon administered orally or
ip suggests that any direct interaction between orally administered oxime and Diazinon, if it
occurs, makes little or no difference in the protection offered against this insecticide.

Failure to obtain antidotal action against some organophosphates which form an
initially reactivatable phosphorylated ChE can arise from a difference in the times the active
inhibitor and the oxime enter into the circulation. Evidence for this interpretation is shown in
figure 2, which clearly indicates the necessity for maintaining an adequate level of oxime in the
body for as long as the insecticide is being activated to a potent anticholinesterase. Therefore
repeated doses of oxime are needed to maintain effective oxime levels in the body in cases of
poisoning with Diazinon or other indirect inhibitors of ChE. 23, 24

14
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V. CONCLUSIONS.

Our findings suggest that effective treatment of Diazinon intoxication requires the
maintenance of a level of oxime high enough to reactivate inhibited ChE during the time in
which active inhibitor is formed. This may be more readily achieved when 2-PAMCI is given
orally following an initial intravenous dose in conjunction with atropine given intramuscularly.

15i
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