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Novel butirylcholinesterase reactivators for
thepseudocatalytic inactivation of organophophates.

(Uj butirilcholinesteraz reaktivatorok organofoszfatok
pszeudo-katalitikus inaktivalasa céljabdl).

Introduction

Both pralidoxime and obidoxime are still the gold standards of
oxime antidotes for the reactivation of inhibited cholinesterase enzymes
in organophosphate poisoning. However, its efficacy is not satisfactory.
Kuca et al (Department of Chemistry, University of Hradec Kralove,
Czech Republic) have synthetized a large number of pyridinium
aldoximes (PyAls) to replace and improve the application of pralidoxime.
An international cooperation was formed to study these newly discovered
effective compounds. Our part in this cooperation was to study in vivo
pharmacokinetics. Our preliminary studies were done using both Wistar
rats and Beagle dogs when the in vivo pharmacokinetics of K-203 was

carried out and reported.

Results

A high-throughput, cost-effective HPLC-UV (high-performance
liquid chromatography-ultraviolet detection) determination method was
elaborated, validated and used for the quantitatve determination of
bispyridinium aldoxime cholinesterase reactivators following their in vivo

treatments on rats.



In vivo pharmacokinetic studies were performed using all the target
compounds (K-117; K-127; K-203; K-269; K-347; K-867; K-868; K-870;

K-1557; K-1558, as well as, KR-26352; KR-26354).

K-117 (bis-aldoximes) and K-127 (mono-aldoxime-mono-acid-
amide) showed similar pharmacokinetics. Their serum levels were nearly

proportional to the dose given in the range of 0.1 through 10.0 pmol.

K-269 and K-347 are relatively apolar pyridinium aldoximes, they
have an extremely short stay in rats’ bodies. K-269 is an oxygen-bridged
bis-pyridinium mono-aldoxime, while the second ,aldoxome-like”
substituent has an extra amino group. Their limited solubility does not
make it possible to increase their dose over 10 ymol i.m. This dose-
dependence (between 0.1 through 10 pmol i.m.) showed that serum
concentration was practically propotionally increasing with the dose.
Time-dependent pharmacokinetics of K-269 show that almost 10% of its
serum concentration penetrates through BBB. K-347 was the single
mono-pyridinium compound, therefore it was the less polar (most apolar
with a logP of -1.89). It has a short ti2, such as 30 minutes. Contrary to
bis-pyridinium compounds, the elimination of -K347 takes place through

the liver (liver concentration was about one half of that of kidneies).

K-867, K-868 and K-870 are chlorine-substituted derivatives of K-

203.(bis-pyridinium mono-aldoximes). A 30 ymol dose was injected from



each compound for comparison. K-203 gives an early maximum of its
serum concentration (at 15 min following i.m. injection), while chlorine-
substituted derivatives extended the high serum concentration for 60

min.

When K-870 was injected in a high dose (100 pymol, i.m), its serum

level went over 100 ymol/liter.

K-1557 and K-1558 are bis-pyridinium mono aldoximes with
relatively large hydrophobic substituents on the pyridinium ring. They

give relatively long maximum serum levels.

In silico and in vitro models were applied to simulate the
reactivation potency of K-456 and K-733. Concentration versus activity

shows a nearly linear curve.

Binding sites were also modelled for K-456 and K-733 using

paraoxone-toxicated molecules. Results have been published.

K-1557; K-1558 and KR-26352; KR-26354 compounds have alkyl-
substituents, they are not subjected to metabolism. Their elimination is
done by the kidneys, partially by glomerular filtration and partially by
tubular secrcretion. When the molecular size is increased, glumelural
filtration is essentially decreased (sometimes to zero). This is the reason
why their elimination is slowed down so much — that the substitution

makes the preparation retard: a drug with preparation — drug with



extended elimination. Publication of the pharmacokinetics of K-1557; K-
1558, KR-26352 and KR-26354 is waiting for the consent of Prof.
Musilek, who synthesized these compounds. However, their
pharmacokinetics do not give any surprise compared to that of the

chloride substituted pyridinium aldoximes (K-867, K-868 and K-870)
Conclusions

The pharmacokinetics of pyridinium aldoximes can be determined
using in vivo experiments on rats, and HPLC determination of the PyAl
content. Their level should be increased, as at least over 1 mmol/liter
concntration is required for the effective regeneration of the BUChE
enzyme, and our experiments indicated just over 100 pmol/liter when we
gave the maximum dose (100 umol) i.m. The solubility of these PyAls
should be increased to improve effectivity. An increased drug level in the
serum will be the rate-limiting step for discovering well-usable PyAls.
Retard-type compounds can be done attaching further substituent (either

alkyl or halogen) on the pyridinium ring.

Huba Kalasz, Ph.D.

Principal Investigator
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Bevezetés

Jelenleg is pralidoxim és obodoxim hasznalatos az organofoszfat
meérgezéseknél tortend kolinészteraz enzim-bénitas kezelésére, ezek
hatasossaga azonban nem megfelel6. Kamil Kuca professzor és
munkatarsai a Hradec Kralove Egyetem Kémiai Intézetében szamos
piridinium-aldoxim szarmazeékot (PAId) szintetizaltak, hogy a
pralidoximnal hatasosabb gydgyszert nyerjenek. Nemzetkozi
kooperacioban torténik ezeknek a vegyuleteknek a vizsgalata, mi az u.n.
in vivo farmakokinetikat végezzik. Kisérletes munkank Wistar patkany,
esetenkint Beagle kutya felhasznalasaval torténik, hasonléan a
kozelmultban a K-203 vegyulettel végzett és publikalt munkankhoz
hasonldan torténik.

Eredmények

Patkanyok i.m. kezelését kovetéen nagyhatékonysagu HPLC-UV
modszerrel végeztik a PAId szintjének meghatarozasat szérumban,
agyban, cerebrospinalis folyadékban, majban,m vesében, szemben,
herében, esetenkint halléjaratban is. Vizsgalataink soran K-117, K-127,
K-203, K.269, K-347, K-867, K-868, K-870, K-1557, K-1558, KR-26352
és KR-26354 szervezetbeni sorsat vizsgaltuk.

A bis-aldoxim K-117 és mono-aldoxim-savamid K-127 szervezetbeni
sorsa nagyon hasonlo volt. Szérum szintjuk a dézissal aranyos volt, 0,1
és 10 mikromol/dozis kozott.

A K-269 (oxigan-tartalmu hid van jelen a két piridinium-gyarQ kozott) és a
K-347 ((extra amino-csoportot tartalmaz) relative apolaros PAId-ok,
nagyon rovid ideig vannak jelen a patkany szervezetében.
Oldékonysaguk limitalt, azaz maximum i.m. dozisuk 10
mikromol/patkany. A K-269 dbézisanak mintegy 10%-a bejutott az agyba.
A K-347 csak egy piridinium részt tartalmaz, igy kevésbé pélaris
vegyulet. Ellentétben a tobbi PAId vegyulettel, a majban metabolizalodik.

Harom PAId (K-867, K-868 és K-870) klor szubsztituenst tartalmaz.
Ossszehasonlitva az ,alap” K-203-mal, t1, értékik jelentésen megnétt.
K-870 esetében 100 umol i.m, azaz nagy dézisa magas szérum
koncentraciét, azaz 100 umol/liter- eredményez.

A K-1557 és K-1558 bis-piridinium-mono-aldoximok, melyek tovabbi
hidroféb szubsztituenst is tartalmaznak a KR-26352 és KR-26354
vegyuletekhez hasonldéan. Relative hosszan vannak jelen a szérumban,



hiszen nem metabolizalodnak, és glomerularis sziréssel valo
eliminacidéjuk méretiknél fogva gatolt lehet. Kisérleteink azt mutatjak,
hogy ,retard” vegyulet a molekula méretének ndvelésével (is)
eléallithatd. Ezt, az altalunk jelent kutatasi vizsgalatok soran felfedezett
jelenséget mutatjak a klorid szarmazékok, azaz K-867, K-868 és K-870
is. A jelenség publikacidja a cseh koillegak (ktldondsen Prof. Musilek)
beleegyezésétdl fugg.

Az eredmények megbeszélése, konkluzidk

A piridium aldoximok farmakokinetik jellemzéi patkany modellen , in vivio
korulmények kozott HPLC mddszerrel jél vizsgalhatok. A butiril-
kolinészteraz megfeleld regeneralasahoz minimum 100 pmol i.m. dozis
szukséges, melyet egyes anyagok oldhatésaga korlatozhat. Amennyiben
retard hatdéanyagot akarunk eléallitani, az ,alap” PAId vazra tovabbi
szubsztituenst (alkil- vagy halogén) lehet/kell tenni.,



