UNCLASSIFIED

AD NUMBER

AD840894

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 25 JUL
1967. Other requests shall be referred to
Department of the Army, Fort Detrick,
Frederick, MD.

AUTHORITY

SMUFD D/A 1ltr, 15 Feb 1972

THIS PAGE IS UNCLASSIFIED




C e

AD84089 4

TRANSLATION NO. /@ F

DATE; :}o’?w% ’vé

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in part
is prohibited. However, DDC is authorized to
reproduce the publication for United States
Government purposes,

This document

is subjeci to speci
controts and e J pecial

ach transmittal

governments or foreign nationg
only with arior approvai
Fort Detrick, ATTN:
TI1D, Frederick, Mar

expurt

to foreign

J Is may be mgde )
5t Dept, of Army,

Technicga! Release Br
ranch
yland 21701 i

DEPARTMENT OF THE ARMY
Fort Detrick
Frederick, Marylang

STATEMENT #2 UNCLASSIFIED 0CT 14168

Soa pratb i W et

L e Al ok NN Ot S N il NN MO A i o i d il

W




ANTIDOTE ACTION OF BIS-/G~-HYDROXYIMINCGSETHYL-
PYRIDINIUM~-(1)-METHYL/-ETYER DICELORIDE IN BRATS
POISONED BY ALKYLPHOSFPHATE

Sonderdruck sva Arzneimittel- K. Bisa, G. Fiacher, O. Mueller,
Porschung (Drug Resesrch) H. 01diges &nd E., Zooh
Vol. 14, 1964%, pages B85-88.

The action of organic phosphoric acid esters, used
occasionallr ag insecticides, con animal life and acetylcholine~
sterage (ACHE) has veen thoroughly investigated (1, 2. 3), in
vitro., When ACHE is irrsversibly blocked by alkylphosphates,
stimulation of nerves leadsa to the accumulation of acetylchceline
(ACH) and to & disturbence of the transmission of the impulse {1,%).
It is assumed, the blocking of the ACHE ls caused by a phosphory-
letion of its active osnter and the esterass sotivity 1e thereby
eli‘ln&t@d (1 -2«3.5)-

Antidotes capable of restoring ACHE aotivity incliunde
Wilson'se ryridinc-2-aldorime-h-methyliotide (2-FAM) and N,N'-trime-
thylene~1,3-bis-(4~hydroxyiminomethyl-pyridinium)-bromide (THB-4)
(6.7,6,9,10,11),

Tne therapeutic effest of both oximes is considerebly
enhanced in combination with atropin (13,14).

A. luettringhaus and I. Bagedorn eynthesized & new antic e,
?iaqlﬁ;hyaroxy1llnunothyl-pyridiniun-(l)olothy;7uether dichlor. .o
LueHb ) #*;

*iWe thank Prof. Lmettringhsus, Preiburg im Brelsgaun, for supply-
Ang LueH5, whioh ir nox menufectured bty E. Nerck, Darmstadt,
under the trede-name Toxogonin.
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The antidote activity of LueH6 was tested in rats experi-
mentally polsoned by 0,0'-dilsopropylfluorophosphate (DFP),
0,0'-d1ethyl-p-nitrophenylthlcphosphate (Parathion) ard 0,0'-
diethyl~-p-nitrophenylphosphats (Parsoxon). Ti:sues of detcxified
organs were histologically examined. Additional testa inciuded

. & paperchromatogravhio aralweic »~7 LueRS, in Yi¥Q, tO determine
ivs ertect on ACHE aotivity in serum, btrain and liver of rate
poisoned by alkylphosphates.

BATERIALS AND METECDS

The purity of the phosphorisc acid esters, DFP, Parathicn
and Paraoxon, was tested by measuring the diffruoction index and . P
br Ainfrered spactroscopy. If necessary, the preparation was
further purified by vaouum distillation,

Alkylphoasphate Solutions

A 2 ml solution was used for the injection. The dose <
vas LDcy or & multiple of it, uelng & giver: alkylphosphate :
mixed é?th ethancl to 16%. The solution also contained 84X i
P y8isloglocal saline when DFP was useu or B4% of a 10% aquecus ;
83lution of Mskrodex (& ccmmarcial dextran »reparation) when the
alimost water-insoludble Parsthicn or Fearaoxon was utsed.

Oxime Sclutions

LusHS or 2-PAM, used as a comps

- -— 8. 4 >
SN,y Was anjecre

ris o3 as
& 1 ml quantaty of 0.33, 0.7 or 1.4% aqueous solution per rat.

Animsal Eiperiments

In 362 separate experiments, 10 animale were used per
experiment, & total of 3,620 female albino rats of approximately
aqusl waight, but of different origins. The alkylphosphate wus
injected intraperitonealy. The antidots wes administersd the
sams way. In order to determine antidote astivity., injections
were made prophylectiocally (30 minutes before), simultansousliy
(imemediately following the toxio injeotion) and therapeutically
(5 minutes after the toxic injection)., . -
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Histology

Organs, examinad histologically., were removed 2% hours
after thoe start of the experiment. After sectioning, liver and
kidney slices were placed into 4% formalin, lung slices into
sudblimate-formol-acetic acid and were fixed according to Stieve.
Prozen seotions, 6-8 micron thi:k, were stained with mcarlet
red, aco. to Herxheimer and with haematoxilin-eosins ase. to
Boehmer. Lung sections, embedded in paraffin, wWere &lso stained
with haematoxilin-eosine. The histological examinatlons,

"depending on the organ examined., are desoribed under RESULTI.

Paperchromatographic Analysis of Esterase Activity

Rats were killed between 3 minutes and 26 hours after the

_ intraparitoneal injectiorn of DFF or Paraoxon., When LueHf was

tested, the oxime was injected prophylactiocally 30 minutes
before the alkylphosphate injection. After killing the rat,

the brain and l1iver were immediately removed and extracte
prepared. Blood was sampled in vivo. Erain or liver were
homogenized in 10 ml phosphate buffer, pB 6.2. The homcgenates
were sharply centrifuged and the resulting extracts were tested
for acetycholinesterase and cholinestersse, respsoctively., Serum
was seperated from the blood, diluted 1:5 with phosphate buffer,
pR 6.2, and tested,

An assay consisted of 0.5 ml organ esxtruct or serum and

0.5 ml of cholinester solution in phosphate buffer, pH6.2

(using 0.1 g acetylcholin chloride or benzoylcholin chloride
in 10 ml buffer) as substrate solution. Cocntrols consisted of
s&cetyloholir chloride or benzoyloholin chloride without added

.aster. ‘The mixtures were incubated &t 37°9C fer 23 hours. At

tinss tp and t33, end preducts were sanalyzed paperohromato-
graphically on Schleicher & Schuell paper 2043b, by spotting

0.01 ml and by developing one-dimensionally ascending, with
n-butancl rethanol:acetic acid:water 8:2:1:3.

The chromatogrem was sprayed with a potassium bismuth
iodide solution, according to Jatzkewitz (15). Cholin appears
ag a violet, acetyloholin and benzoylcholin &s red spots, By
oomparing the extent and color intensity of the spot with
inown oconocentrations it was pogsidle to sstimate the degree

of enzysic hydrolysie of thes cholineaster undsr the conditions
usad.
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RESULTS
I. Results without using ar antidote

a) Biologioal reactions after poisoning by DPP, Paraoxon and
Prrathion

Clintosl Syaptoms

When acutely toxic doses were injscted, female albino rats
showed toxic symptoms within e faw minutes. Nervous disturbances
eppeared without indicating any damage to the ocentral nervous
systom. Dasgloally, three types could be distinguished:

1. muscarine-like activity
2. niootine-like aotivity
3. oentral nervous system activity

Koelle (1) and Heath (2) put:jshed reviews on the known
nervous disturbances and blooking effects. When toxioc doses of
the three alkylphosphater were given, the nmain toxic symptome

dirffered go little from each other, we decided to discuss them
together.

The first toxic symptoms are fibrlllar twitchings of the
head reglon and extremities vwith a glight exophthalmus. Simul-
teneously, the frequency of Lreathing increases. The breathing
pagseges becone clogged because of inoreasing bronchial secre-
tions and salivation. Dyspnea increases. Disturbed coordination,
defecation and urination become noticeable. Particularly inter-
ssting ia the appearance of "red tears" which are actually a
seoretion of Harder'e glands. Cyanos!s and edema of the extre-
mities follow. The fibriller twitchirgs of the head chance to
trismus. Tne prevailing ¢tonvulsions bscome more intense and
change to tonic~clonic oramps. Paresis »f the extremitles
changee to paralysis. Insctivation of neck anéd back musculature
leads to cpisthotonus. The animals die under extreme prostration,
Tighting for a breath of alxr. The intensity, development and
duration cf the symptoms depend on the toxic effest of individual
subgtarces. Tnose anlmals which survive recover. At first,
guch animals show apathy and great weakneas, a return to streng
tonic-clonic cramps and seem to be deteriorating. Eventuslly,
the parsalysis of the extremities turns into paresis. The

disturbed coordination disappears, Breathing becomes normal and
selivation ceases. This process of recovery from acuts poigon-
ing goes through a certain series of events. The slowest
recovery cocurred after poisoning by DPP and Paratiiion. &

taster recovery ococurrsd after poiasoning by Paraoion.

-b-
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b) Pharmacology of Parathion, DFP and Paracxon

The following LDy dosages were established by intra-
peritcheal injectlons o? female albino rats, weighing 150-160 g:

Parsthion 3.57 (+40.7) mg/kg
nep 1,28 (50.14) mg/kg
Paraoxon 0.93 (¢0.14) mg/kg of body wsight,

When these amcunts were injected, all animals showed the
above described symptoms. A lower dosage was tolerated by all
animals, but they caused glight convulsions, fibrillar twitching
and, ccoasionally., inoreased rate of bresthing. When a lethal
doss i8 given, single symptoms may be obscured because the
extont of reactions differed between different regions of the
body. Nervous reactione were completely disorganized. Death
ocourred sooner or later, depending how quickly a vital organ
wes put out of action. Conasquently., the olasasical ayzptoms
do not always appéar in propar gequence.

o) Ssctionings

Examination of animale killed 24 hours after acuts
polscning indicated an increase in the volume and & partisl
inorease in thes flow of blood in the parenchymstous organs.

The liver was frequently covered with macrecsocpic, light yellow
or ochre-coliored patoches.

d) Patnologloal-histclogical examinations

Aftor being damaged by Parathion, DPP and Paraoxon. the
liver shows upon microgcopic examination lipoidcsis and verying
vigible etructurel changss of the cyloplusm, expecially
strong granulation and vasuole formation, Occasionally, the
ruclel show alterations. Disse's space 18 enlarged. Paralysis
and cessation of the lipolytic function of the liver oalls
leads to the soccumulation of undigested fat eaten by the rat,
Adotually., we are dsaling with a toxioc fatty degeneration.

|l-------I--u-l-----I---n.-----nu-----ﬂn-uulh-nmIM

Kidney vesssels in the substantie oorticalls and meaujlaris
are enlarged and rilled with blood. Tne same 18 true of the
capillary lcops in the glomeruli which, often, flli completely
Bowman's capsuls. If the spece of Bowman's capsule is not
oompletely fliled. it contains much ssrous sxudate. Vacuolar
degensration ¥ith partial loss of epithelium appears irn the
protoplesm of the oylindrical 2slls. When the prapsratic:s
were stained for fat, minute fat droplets were cocasionally
seen in the spithslium of ths tubuli. Seoretions appeared in
the btronchiel branches of {16 lungs. Respiratory bronchl were
filled with bloowd.

- 5=
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11. Hesults after a single antidote
a) Pharmacologiocal and clinical symptoms of LusE6

Given intraperitonealy, the dioxime Luelié was tolerated
by the remale albino rats up to 140 mg/kg of body weight.
Actually, the LDgg was 215 mg/kg of body weight. This 1s &
relatively high dose. LueH6 must be considered to be only
"slightly toxio” by the internationsl standards for polsons (18).

After 10 minutes, ths LD 0 produced somnolence, wnich

ocourred also with lower doses.” The drovsiness is acccupanied
by a reversible paralysis of the extremitirs. When higher
dosag wers administered, thare appeared &fter 15 minutes
exaited moter reflexss. Death oocourred spontaneously because
of respiratory feilure. If a large dose of LueH6 did not kill
the rat within 20-30 minutes, the surviving animals showed, at
first, the exoited phase which gradually decreased, then, &
oertain sleepiness.

When 500 mg of the gtandard antlidote 2.PAN was gilven
intrevenously, together with atropin and artificlal reaspiration
suococegs was vAriavle, but without any olinical side-effects (105.
The literature was reviewed by Erdmann (17) who listed the
applications of 2-PAM and its limited sotion when highly toxio
doses of alkylphesphates were used.

b) Histological results after administration of LueHS

A single intraperitoneal injection of 150 mg of LueB6
per kg of body weight resulted in 100% survival., However. this
dose frequently produced single, narrowly oiroumsoribed diffused
fetiy infiitration in the liver, revelrsible in &évery ocaseo.

The kidneys and lungs showed ric pathologiocal ohanges.
1JI. Results after several doses of antidote

The antidote aotivity of LueH6 wes teasted by injecting
different doses into rats polsoned by Parathion, DFP and Para-
oxon. The LueHS doses wore 25, 50 and 100 mg/kg of body weight.
Thess conocentrations were tested by intreaperitoneal injection
given prophylactioally, simultaneously and therapeutioally.
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Figure 1 shows the prophylactic, simultaneocus amd
therapsutic aotivity of LueH6 after polsoning by Parathion,
DFF and Peraoxon, using deses up to the n-th LD50. The figure

also shows the comparatively weaker aoctivity of 2-PAM. Sonre
rats survived much higher dozes, ®o.g. they withstood & 150-fold
LDggp.

Clinical symwptoms were minimized only when LueHé was
applied prophylaotxoally or simultansously when polsoning was
produced by & l-2-1old LDy, Gencrally. there were no tonio-
olonic oramps. The rate 8? breathing was increasad. The
clinical picture was dominated by fitrillar twitochings and oone
vulesions. With higher concentretions of ths poisons, the
olassioal toxio symptoms appeared.
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The activity spectrum of LueH6, especially its aotivity
in protecting the perenchyma of liver and kidney, gave these
results:

Parathion 3.57 mg/kg o' body welght and LusHé 100 mg/kg,
administered intrepsritonealy, did not produce any significant
histological-patholcocgical changses.

LueHBS in ocombination with Paraoxon, 0.92 wg/kg of body
walght also did not produde any patholoxical ohmnges in the
liver, The same was trwe for kidrnieys, oxoept for a greater
flow of blood,

-7 -
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" substrates, the esterase

When a 15-fold LD 0 of DPFP was injected simultansously
with LueH6 batween 50 ang 100 mg/kg of body weight, the liver

.. tlsaus oontained minute fatty droplets. The kidney ahowed &

strongsr flow of blood in the vessels and in the epithelium of
ths irinayy ocansl there existed narrowly oircumscribed areas
oontaining tiny fat droplets.

IV. HResults of the paperchromatographic examination of
chelinecterase activities

Acetyloholin was used as substrate for acetylcholin-
esterase (acetylohclin-acetylhydrolase), while benzoyloholin (18)
was used a8 & substrate for the characterization of nonspeoifio
oholineaterass activity (aoyloholin-acylhydrolase).

The results of the paperchromatograrhioc analyses cf
ocholinesterase activities of four rets per group are shown

in Tables 1-5. 1In the tables, enzymic hydrclysis is evaiumted
by the following symbols:

- 1o hydrolysis
(+) very weak hydrolysis
+ weak hydrolysis
++ medium lydrolysis
+++ strong hydrolysis
++4+ very strong hydrolysis of the substrate.

Table 1. Untreated rats: esterase aotivity

Substrate Serum Brain Liver
Acetylcholin +4 ++ AR i
Benzoylcholin ++ - it

In Tabdle 1, acetylcholin 1is coumpared with benz
&8 & substrate for the hydrolysis by preparations rgogytgsolln
ssrum, brein and liver of untreated rets. As expected, on both
activity in liver extracts »
exceptionally high. It 1is interesting to note that ngudo-
cholinesterese aotivity uas practlcally absent in brain
extraots. Bonzoyloholin was split, tut "mly in trece amounts.

~
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Twble 2. DFP (2 x LDsO ip.): esterase aotivity

Substrate Serum ! Brain Liver
3 min 30 min 3 min 30 min 3 min 30 min
Aocetyloholin - - (+) - + +
Benzoyloholin - - - - - -

After injecting a two-fold LD of DFP, ACH-esterase

and CH-esterase in serum were ccmpleggly inhibited within the
rfirst three minutes. In the brain, orly very weak ACH-esterase
activity persisted. The liver, also, showed only very weak
snzymio activity. After about 30 minutes after the injection

of the brain was completely inhiblted. The correspunding spotls
of ACH end BzCH on the chromatogram remsined intact, i.e. not
hydrolyzed by enzymes. When rats were injected prophylactiocally
with 7 mg of LueH6 before the injection of the two-fold LD50

of DFP (Teble 3), ACHE in serum and liver was cnly partly
inhibited. However, ACHE in the brain was complstsly inhibited.
The esterase activity was very slox regenerated, Only three hours
after the DFP injection was there a significant increase in
Ch-esterase activity in serum, liver and dbrain. After sirx howrs,
normal esterase activity had been regalned. At tp5, the spots

of" ACH and BeCH had disappeared fr-m the chromatogram and a
corresponding ocholin spot had formed. This means, both cholin
ésters were vompletely degraded.

Table 3. DPP (2 x LD5g). intraperitonaeal. nrophvlaatiocally
LueH6 7 mg ip.: esterase astivity

Substrate Serum Brain Liver
Imin 1h 3k 6h_{ 3win 1h 3h 6h | 3min lh 3h 6h

Aoetylcholin | + + 24 2+ - (+) + 2+ + 24 b4 44

Bengoylohollirny - - ¢ 2¢ - - = = - - 3+ bs

—
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Table 4. DFP (5 x LDso ip.), prophyl. LueH6 7 mg ip.:
ecterase activity (after hours)

Substrate Serum ' Brain Liver
min 1h 2 20 26 [3min 1h 2 20 26 {3min lh 2 20 26

Acetylcholin + + 24 24 24| - 4+ + 4 24|24 24 2+ 3+ be

Benzoyloholin; = =« = (4} +] « =« = = =] = = < 3¢+ ke

After injecting higher doses, e.g. DFP 5 x LDgy. and

Luel6 prophylecticaelly., a certain protective ection by LueHb
Mas noticeable for ACH-esterase activity in serum, brain and
liber (Table &4). Of course., the restoratiocn of normal esterasge
activity in brain and liver was slower than when cnly 2 x LD50

wag used. In contrast to the specific ACH~esterase, the BzCH
esteruse of gerun and liver was much more strongly inhlhited
by the pcison, despite some protection by Lueké. Iwenty hours
sfter t%4 DFP injection, only very weak BzCH hydrolysis hed oc-
osourred. However, in the same time intesrval, the enzymic
activity agalnat B:CH in the liver was completely resgiored.

It seems, the regeneration of esterase activity by means of
LueHé in DFP poisoning ocourred optimaslly in the liver. After
26 hours. animals showed practically normal levels of esteress.

Table §. PFaraoxon (2 x LDé0 ip.). prophyl. LueH6 7 mg ip.:
oegterases activit?

Substirate Serum Brain Liver

3 min 6 hr 3 pin € Wr 3 wio & nhr
Acetylcholin =+ + et et
Benzoylecholin 4+ - - =+ it

In Table 5 a ocoumparison is presented cf the two cholin-
esteraves upon polsoning bty a two-fold LD e and a prophylactie

injection of LueB6. This 18 & much more favorable result than
thet obtained in the ocass of DFP poisoning (see Table 3). With-
in three minutes aftsr tha injection of Paraoxon: enzymioc
activity egainst ACH and BCH 1s herdly affeocted. 8ix hours
after the Paradoxon injsotion, esterases remainssd 2t & normal

- 10 -
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level of acotivity. The prophylactic injection of LueH6 in
Paracxon poisoning has & remarkably g204 protective actlon
for ACl-esterass and CH-esterase. Tnis is in agreecent with
biological-pharmacological eiperiments.

DISCUSSION

The severe damage rroduoed by alkylphosphate poisons
presents & serious therapeutic problem. Thus far, therapy hae
besn symptomatic for the irreversible biological reactions
and has been unsatisfactory. Consequently, the synthesie and
use ci antidotes offered socme promise. PBriefly stated, the
action of the antidote is d4i: z2oted towards the restorsation
of blocked enzymic reactions. The usefulness of the antldote
is reflected by its mechani:m of action end time factor.

Paperchromatographic analysis indicated a quasi-spontan-
eous inactivation of pseudo-cholinesteramse (CHE) in serum &nd
liver in the ocaze of polsoning by DFP or Paraoxon. For practisal
purposes. the ACHE activity 18 completely inhibited in serun
and brain only. 1In the liver tissue it is only partly inhibited.
This 1s taken as proof of the presence of some other hydroless
in the liver extract. This enzyme 18 cither weakly or not at
all inhibited by the corganic phosphoric acid esters tested,

It is interesting to note that when LueHf6 was injected
prophylactically., thse activity of acetylocholinesterase was
quicker restored than the enzymic activity againat benzoyl-
encline, An all orguns tested. ACHEE aotivity was especially
quickly rsciored in the serum and liver.

N &
Wha WhtW WweiWawemyg P mes weow oo l!

enzyme activity was ;iower. This may have something to do
with the perietration of LueH6 Into the blood-brein space,

he contrary, in the brain the raactivation of the

Auto-toxolcity of LueH6 and of 2-PAM could be igriored
in relation to their antidote action arnd in view of the
gevere toxloc damage produced by the alkylphosphates., The
ratio of the effective antidote dose to the ILD_. wasg 1:6.

0
Hiatological examination revealed that if a augalaiently
large doss of Luel6 was used, no irreversible damage ococurrsd
in the organe of detoxificatiom.

The oomplex of symptoms of alkylphosph “e poiscning
takes its claeslcal ocourse and is not prevented by the use
of ILueH6. However, regeneration of cnrymio activity starts
earlier and proceedes favorably. 4s oxpected, optimal Activity
was cbieired when the antidote was injected in a suffiocient
asmount at the time of poisoning.
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SUMMARY

The antidote efficacy of bis-[ﬁ-hydroxylminomethyl~ d
pyridinium- (1}-methyl/-ether dichloride (Luelé, Toxogonin)
against alkylphosphate poiscning in rats was tested in vivo
and in vitro. Paperchromatic amalyses indicated the restor-
ation of ohollnesterage activity in the train, serum and liver
when LueHé was used prophylactically after the rats were
poisoned by 0,0'-dlethyl-p-nitrophenylphosphate (Paraoxon) and
0.0'-diisopropylfluorophosphate (DFP). The tolersnce of LueHé
was 150 me/kg of body welght. The LDgy Was 215 mg/kg of body
welght., Effective antidote activity wag obtained by using 1/6th
of the lethal dose, Within ths limite of toleranoe, no
irrsversible histological changes were observed. ,The LDgp of
the alkylphosphates tested wWas for 0,0'=-dlethyl-p-nitrophsnyl-
thiophosphate (Farathion)3.57 + 0.7 mg/kg, for DPP 1.28 4 0.14
weg/kg and for Paracron 0,93 + D.14 mg.kg of body weight, When
.LueH6 was injected intrape.itonealy befors, during and after
poisoning with alkylphosphetes, the extent of the toxicity of
the phosphoric acid esters wag greatly reduced. Even & 5-fcld
ro 40-fold LDgy could be counteracted. In some rats, even a

150~-fold LD5° wag toleratsd. The parenchymatous damage, pro-

duoed histologiocally by alkylphosphate poisoning, was also
greatly diminished, The activity rangs of pyridine-2-eldoxime-
N-methyl lodids (2-PAM), used until now, was much lower than
that reported here for LueH6 and became ineffective wher 2-foid
to 6-fold LUgp of alkylphosphates wers injeoted.
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