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The therapy of intoxications with organophosphorous
compounds (OPC) consists of cholinesterase reactivator,
cholinolitic(s) and other symptomatic drugs, such anti-
convulsants. OPC which form a rapidly "aged" complex
with acetylcholinesterase (AChE) make it difficult for
conventional oximes such as 2-PAM, Obidoxime, and
TMB-4 to reactivate phosphorylated AChE. In effort to
develop more effective antidotes in the seventeens a series
of bispyridinium oximes, named "H-oximes" after Prof. I.
Hagedorn from Freiburg, were synthesized. Some of this
oximes (HS-3, HS-6, HI-6) are superior to the conventio-
nal oximes in the treatment of poisoning with nerve agents,
particularly with soman, and HI-6 has been the most
extensively studied ChE reactivator in the last two decades
(Rousseaux, C. and A. Dua, 1989). In the eighteenths two
other groups of asymmetric bispyridinium compounds
were developed as antidotes against OPC poisoning- the
socalled HGG-and BDB-oximes (Maximovic etal., 1980;
Weger and Szinicz, 1981). Their antidotal action is belie-
ved to be due besides the weak AChE reactivation on their
interaction with both nicotinic and muscarinic choli-
noreceptors (ChR), restoration of neuromuscular
transmission blocked by OPC, retardation of the formation
of aged inhibitor- oxime complex, chemical combination
with OPC, inhibition of the release of acetylcholine and
others (Amitai et al., 1980; Jovanovic, 1983; Kirsch and
Weger, 1981; Kloog et al., 1985; Skrinjaric- Spoljar and
Kralj, 1980).

A series of HGG- and BDB- oximes was synthesized in
this laboratory (Draganov et al., 1991; Christova et al.,
1992) (Table 1.). The aim of this presentation is to summa-
rize some of the results obtained in the pharmacological
and antidotal evaluation of these oximes.

Acute toxicity of the oximes

The acute toxicity of the oximes was tested in male ICR
mice (18-22) after intraperitoneal application. LDs, was
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Terapie intoxikace organofosfaty (OF) zahrmuje poda-
vani reaktivatord cholinesterdz, anticholinergik a dalgich
symptomatickych 1ékd, jako napi. antikonvulsiv. Orga-
nofosféty, které tvoli s acetylcholinesterdzou (AChE)
rychle "starnouci” komplex, zt€Zuji konvendnim oximim,
jako je 2-PAM, obidoxim a TMB-4 reaktivaci fosfo-
rylované AChE. V rdmci vyvoje Géinnéj§ich antidot byla
v 70. letech syntetizovana fada bispyridiniovych oximd,
nazyvanych H-oximy podle prof. I. Hagedorna z Frei-
burgu. N&které z téchto oximd (HS-3, HS-6, HI-6) jsou
lep¥i neZ konventni oximy pii 16¢b& otrav NPL, zejména
somanem, HI-6 je nejintenzivn&ji studovany ChE-reakti-
vitor v poslednich dvaceti letech (Rousseaux, C. a Dua,
A., 1989). V 80. letech byly vyvinuty dalsi dv& skupiny
asymetrickych bispyridiniovych sloucenin jako antidot
proti otravam OF, takzvané HGG a BDB-oximy (Maxi-
movi¢ a spol., 1980; Weger a Szinicz, 1981). Piedpoklada
se, Ze jejich u&inek jako antidot je din vedle slabé reakti-
vace AChE jejich interakci jak s nikotinovymi, tak
s muskarinovymi cholinoreceptory (ChR), obnovenim
neuromuskuldarniho pfenosu blokovaného OF, retardaci
"starnuti” komplexu inhibitor-oxim, chemickou reakci
s OF, inhibici uvolifovéni acetylcholinu a dal¥im (Amital
a spol., 1980; Jovanovic, 1983; Kirsch a Weger, 1981;
Kloog a spol., 1985; Skrinjaric-Spoljar a Kralj, 1980).

V nagi laboratofi byla syntetizovina fada HGG a BDB-
oximi (Draganov a spol., 1991; Christova a spol., 1992)
(tab. 1). Cilem tohoto piisp&vku je shmout nékteré
z vysledkil ziskanych pii farmakologickém a antidotnim
vyhodnoceni téchto oximi.

AKkutnj toxicita oximil

Akutnf toxicita oximd byla testovéna na samcich ICR
my3i (18-22) po intraperitoneédlnim podéani. Hodnoty LDso
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calculated with adapted computer program and was based
on 2- and 24-hr mortalities in groups of six animals after
Lichfield and Wilcoxon (1949). The results obtained (Fig.
1.) show that the compounds with oxime group in position
4 were more toxic than the 2 analogs. The toxicities of
cyclohexylcarbonyl and the respective benzoyl deri-
vatives were of the same magnitude with the exception of
BDB-27/HGG-9 couple.

Influence of the oximes on breathing, blood
pressure and ECG

Cats (both sexes, 3-4.5 kg) and male Wistar rats (240-
-280 g) were used throughout this experiments. Expe-
rimental procedure for cat was as follows: jugular vein,
carotid artery and trachea of anesthetized animals were
canulated for the i. v. administration of the moximes, for
measurement of blood pressure (BP) and breathing,
respectively. ECG was recorded simultaneously
(EKT 111). ‘

After i. v. injection of the oximes (20 mg/kg) the
breathing became for a short period more frequent and
deeper, returned to normal after the 5th minute. All oximes
caused remarkable decrease in BP (maximal at 1-3 min)
and heart rate (maximal at 5th min) (Fig. 2). The ECG
showed no rhythm or any other disorders.

The arterial pressure and heart rate of rats with and
without anaesthesia were registered on the tail artery with
BP Recorder 8005 (Ugo Basile). The oximes (HGG-42 or
BDB-37; 20 mg/kg) were injected i. m.. No significant
changes in arterial pressure and heart rate in the
unanaesthetized rats were found after the oxime appli-
cation (Fig. 3a). After 80/kg i. m. Phenobarbital the BP
decreased with ca. 20 mm Hg. A further decrease of BP
was found after oxime administration without recovering
during the experimental period (Fig. 3b). The heart rate
was not significant affected both after Phenobarbital and
oxime.

Antidotal effects of the oximes against 1,1,2- tri-
methylpropyl methylphosphonofluoridate (TMPhF)
poisoning

1. Index of therapeutic effectiveness (ITE) and median
effective doses (EDso). Male Wistar rats (175-200 g)
were used for this determinations. LDso of TMPhF and
EDsoat2- and 24-hr were calculated as described above.
ITE was the ratio of LDso of the poison with atro-
pine/oxime treatment to LDso without treatment.
TMPhHF was injected i. m. and the antidotes (10 mg/kg
Atropine sulfate and oxime) 1 min later in the contra-
lateral leg. The results obtained are presented on Fig.
4 and 5. Best effect was achieved with HGG-42 and
BDB-27.

2. Restoration of neuromuscular transmission after block
produced with TMPhF.
Cats (both sexes, 3- 4.5 kg) were used throughout this
experiments. The jugular vein and trachea of anaesthe-
tized animals were canulated for the i. v. administration

byly poitiny pomociupraveného pogitatového programu
a byly zaloZeny na 2hodinové a 24hodinové mortalité ve
skupinich ¥esti zvifat podle Lichfielda a Wilcoxona
(1949). Ziskané vysledky ukazuji (obr. 1), Ze slouCeniny
s oximovou skupinou v pozici 4 byly toxitj§f neZ 2-
analogy. Toxicita cyklohexylkarbonylovych a benzoy-
lovych derivatd byla na stejné drovni, s vyjimkou dvojice
BDB 27, HGG 9.

Vliv oximii na respiraci, krevni tlak a ECG

Pfi experimentech byly pouZity kotky obojiho pohlavi
o hmotnosti 34 kg a samci potkand kmene Wistar
o hmotnosti 240-280 g. Postup pokusu s koCkami byl
néisledujici: Do junguldrni Zily, kréni tepny a trachey
anestezovanych zvifat byly zavedeny kanyly pro i. v.
podévani oximi, pro méteni krevniho tlaku (TK) a respi-
race. Soutasné byl zaznamenavin EKG (EKT 111).

Po intraven6znim poddvani oximl (20 mg/kg) bylo
dychéni na kritkou dobu hlubgi a jeho frekvence rychle;j¥i,
asi po 5 minutich se sledované parametry dychani vrétily
na drovefi kontrolnich hodnot.. Viechny oximy zpisobily
vyznamny pokles TK (max. po 1 aZ 3 min) a tepové
frekvence (max. v 5. v minut&) (obr. 2). EKG nevykazaly
Z4dné poruchy rytmu ani jin€ patologické zmeny.

Arteridlni tlak a tepové frekvence anestezovanych nebo
neanestezovanych potkani byly zaznamendvany pomoci
BP Recorder 8005 (Ugo Basile) na ocasni artérii. Oximy
(HGG 42 nebo BDB 37, 20 mg/kg) byly podivény i. m.
Poaplikaci oximunebyly zji$tény 24dné vyznamné zm&ny
arteridlntho tlaku ani tepové frekvence u neaneste-
zovanych potkanii (obr. 3a). Pfi i. m. podavani 80 mg/kg
fenolbarbitalu poklesl krevni tlak asi 0 20 mmHg. Dals{
pokles TK bez ndvratu k norm& byl zji¥tén po aplikaci
oximu b&hem doby experimentu (obr. 3b). Tepovi
frekvence nebyla vyznamné ovlivnéna ani po aplikaci
fenolbarbitalu, ani po oximu.

Antidotni d¢inky oximii proti otravé somanem
(TMPhF)

1. Index terapeutické G&innosti (ITE) a stiedni efektivni

divka EDsp )

Pro tato stanoveni byly pouZiti potkani kmene Wistar
0 hmotnosti 175-200 g. Hodnoty LDs, a EDs, pro soman
byly poitdny ve 2. a 24. hoding, jak jiZ bylo uvedeno. ITE
Jje pom&r LDs, intoxikace lé¢ené atropinem a oximem
k hodnot& LD soneléené intoxikace . Soman byl pod4vén
i. m. a antidota (10mg/kg atropinsulfitu a oximu)
0 1 minutu pozdgji do druhé zadni kondetiny. Ziskané
vysledky jsou demonstrovény na obr. 4 a 5. NejlepSich
vysledki bylo dosaZeno s HGG 42 a BDB 27.

2. Obnova neuromuskuldmiho pienosu po blok4d zpiiso-
bené somanem
Pfi téchto pokusech byly pouZity kofky obojiho pohlavi
o hmotnosti 3-4,5 kg. Pro i. v. podadvani jedu a Iéki
a umélé dychanf byla zavedena kanyla do jugularni Zily
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TOXICITY OF THE OXIMES IN MICE
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Fig. 1. Acute toxicity of oximes after i. p. application in mice
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Fig. 2. Effect of 20 mgikg i. v. HGG-42 and BDB-37 on blood pressure
and heart rate of cat
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Fig. 3. Effect of 20 mgikg i. v. HGG-42 and BDB-37 on blood pressure

and heart rate of rat
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Fig. 4. Median effective doses of oximes combined with atropine (10

mglkg) against 1.5 LD50 TMPhF
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Fig.5. Index of therapeutic effectivness of oximes combined with atropine
(10 mglkg) against TMPhF poisoning
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Fig. 6. Reversal of neuromuscular block produced by TMPHF in cat
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Fig. 7. Effect of intoxicaticn with TMPhF and treatment with 20mglkg i.
m. HGG-42 and BDB-37 on arterial pressure and heart rate in rat
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BDB - 36 4 3 Cellg
BDB - 37 4 3 Cﬁﬂll
BDB - 38 4 4 CGHS

Table 1. Structure of the tested oximes
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of the poison and drugs, and artifical respiration,
respectively. The m. tibialis ant. and n. ischiadicus were
prepared according a technique described previously
(Samnaliev et al., 1985). The amplitude of contractions
of tibial muscle after stimulation of ischidic nerve was
recorded (Ugo Basile 7050). The animals premedicated
with 5 mg/kg atropine, were intoxicated with 180 png/kg
TMPhF (10 LDjoo), which produced 100% block of
neuromuscular transmission (NMT) within 5 min. The
oximes were administrated 1 min after the full block of
transmission. All the compounds tested restored the
neuromuscular function though with different potency
the lowest dose which produced 100% recovery was in
the 3-50 mg/kg for particular oxime, and the respective
time for full restoration between 3 and 15 min. At dose
20 mg/kg BDB-37 was the most potent compound (Fig. 6.).

3. Effect of oxime treatment on respiration and blood
pressure after intoxication with TMPhF.
The experimental animals (cats and Wistar rats) were
prepared for registration of respiration and BP as descri-
bed above. TMPhF was injected in doses 12 pg/kg i. v.

(LDso) and 80 p/kg i. m. (1.5 LDso) for cat and rat,
respectively. A rapid development of respiratory and
heart failure was observed after TMPhF intoxication in
cat. Oxime treatment (20 mg/kg i. v. 1 min after
TMPhF) was without any beneficial effect in anta-
gonizing the depressive action of the poison. After the
intoxication with 1.5 LDso TMPhF6 of 8 rats died within
the first hour. Oxime treatment (HGG-42 or BDB-37,
20 mg/kg i. m. 3 min after TMPhF) didn’t cause any
significant changes in BP and heart rate compared with
the untreated (Fig. 7.), but remarkable extended the
survival time - 3 of 6 animals with each oxime
treatment survived till the 60 min after TMPhF.

Conclusions

HGG- and BDB-oximes couldn’t reactivate in vivo
TMPhF- inhibited AChE (Draganov etal., 1991), but they
have some beneficial effects on TMPhF poisoning
thorough noncholinesterase and even noncholinergic
mechanisms (Draganov et al., 1992). Their antidotal
properties probably arise from their antimuscarinic,
ganglion blocking and postjunctional nondepolarizing
action. Although have not been shown to be any more effi-
cacious than other H-oximes, particularly HI-6, the study
of them gives additional useful information for possi-
bilities of contraacting the OPC poisonig.

a trachey anestezovanych zvii‘at. Nervosvalovy preparit
obsahujici m. tibialis ant. a n. ischiadicus byl pfipraven
podle jiz diive popsaného postupu (Samnaliev a spol.,
1985). Byla registrovdna (Ugo Basile) amplituda
kontrakci holenniho svalu po stimulaci ischiadického
nervu. Zvifata premedikovan4 atropinem v ddvce 5 mg/kg
bylaintoxikovédna 180 ug/kg somanu (10LD; ), coZ vedlo
ke 100% blok4d& neuromuskuldrniho pienosu vzruchu
(NMT) b&hem 5 minut. Oximy byly poddvdny 1 minutu
po dplné blokAd€ penosu. Viechny zkou¥ené sloudeniny
obnovily neuromuskuldmi funkci, i kdyZ s rozdilnou
acinnosti - nejniZ¥f ddvka, kterd vedla ke 100% obnové
pfenosu, byla v rozmezi od 3 do 50 mg/kg pro pfislu$né
oximy a odpovidajici doba na dplnou obnovu se pohy-
bovala mezi 3-15 minutami. Pfi ddvce 20 mg/kg byla
nejicinng;i slouteninou BDB 37 (obr. 6).

3. Utinek 16&by oximem na respiraci a krevnf tlak

po intoxikaci TMPhF

Experimentélni zvifata (koCky, potkani kmene Wistar)
byla pfipravena pro z4znam respirace a krevniho tlaku
postupem uvedenym jiZ vySe. Soman byl podivan i. v.
vddvce 12 ug/kg (LDso),ai. m. v ddvce 80 wkg (1,5 LDso)
kotkdm a potkaniim. U ko¢ky byl po intoxikaci TMPhF
pozorovin rychly vyvoj selhdni respirace a srde¢ni
¢innosti. Lé¢ba oximem (20 mg/kg podidvanych i. v.
1 minutu po TMPhF) byla bez jakéhokoli terapeutického
vlivu na depresivni i¢inek jedu. Po intoxikaci 1,5 LDso
somanu 3est z osmi potkani exitovalo b&hem prvni hodi-
ny. Lé¢ba oximem (HGG 42 nebo BDB 37, v divce
20 mg/kg i. m. 3 minuty po TMPhF) nezpisobila Z4dné
vyznamné zmény krevniho tlaku ani tepové frekvence
v porovnéni s neléenymi zvifaty (obr. 7), ale znatelng
prodlouzila dobu preZiti - 3 z 6 zvifat 1é&enych oximem
pfeZila po podani somanu 60 minut.

Zavéry

Oximy HGG a BDB nemohou reaktivovat AChE inhi-
bovanou somanem in vivo (Draganov a spol., 1991), ale
maji pii této intoxikaci nZkteré terapeutické u&inky
prostiednictvim necholinesterdzovych a dokonce i necho-
linergnich mechanismi (Draganov a spol., 1992). Jejich
antidotni vlastnosti jsou pravd€podobné dany anti-
muskarinovym, ganglia blokujicim a postsynaptickym
nedepolarizujicim i¢inkem. Ackoli nebylo prokizéno, Ze
by byly u¢inné&j§i neZ ostatni H-oximy, zejména HI-6,
jejich studium poskytuje dalSf uZitedné informace
o moZnostech antidotniho piisobeni proti otravé OF.

Preklad Ing. Rudolf Rychly, CSc.
VLA JEP Hradec Krilové
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