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Cholinesterase and carboxylesterase activities in soman poisoned rats treated with 
bispyridinium mono-oximes HI-6 and HS-6 

(Received 17 August 1982; accepted 4 November 1982) 

Traditional reactivators (oximes) used in the therapy of properties of HI-6 and HS-6 [14], have been suggested to 
organophosphate poisoning have limited effect against the be important for their antidotal effect. Recently, we found 
organophosphorus nerve agent soman [l], in accordance that detoxification of soman in rodents is strongly influ- 
with their poor ability to reactivate acetylcholinesterase enced by the enzyme carboxylesterase (= aliesterase = 
inhibited by soman [2,3]. The newer bispyridinium tributyrinase) which binds and, therefore, neutralizes a 
mono-oximes HI-6 and HS-6, however, are effective in the high proportion of soman [15-171. Reactivation of 
treatment of soman poisoning in rodents 14-111, dog [12] 
and monkey [13], but thei; mechanism of action has 

inhibited carboxylesterases could explain the antidotal 
effect of those newer oximes [18]. The present investigation 

remained unclear. Although both HS-6 and HI-6 are was undertaken to measure the effect of HI-6 and HS-6 on 
reported to reactivate somaninhibited acetylcholinesterase cholinesterase and carboxylesterase activities in different 
in vitro [2, 31, this has not been unambiguously shown to rat tissues during poisoning by soman and by tri- 
take place in uiuo. In addition a direct inactivation of ortho-cresyl phosphate (TOCP), a carboxylesterase 
soman by the oximes [9], and/or ganglion blocking inhibitor. 
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Materials and methods 

Animals. Male Wistar rats (weight 200-250 g) were pur- 
chased from the National Institute of Public Health. 

Soman (1,2,2’-trimethylpropylmethylphosphonofl- 
date). Soman, assessed to be more than 99% pure by 
nuclear magnetic resonance spectroscopy, was synthesized 
in this laboratory. 

HI-6 and HS-6. The bispyridinium mono-oximes HI- 
6, ({{[4-(amino-carbonyl)pyridino]methoxy}methyl}-2- 
[(hydroxyimino)methyl]-pyridinium dichloride) and HS-6, 
({{[3 - (amino - carbonyl)pyridino]methoxy}methyl}- 
2[(hydroximino)methyl]-pyridinium dichloride) were 
synthesized by the method of Hagedorn et al. [19] in this 
laboratory, and assessed to be more than 98% pure. 

Injection procedures. Soman, atropine sulphate (Norsk 
Medisinaldepot) and oximes were dissolved in physiological 
saline immediately before use. Soman (100-200 &kg) was 
administered subcutaneously and atropine (17.5 mg/kg) 
intramuscularly 10 set thereafter. HI-6 or HS-6 was given 
intraperitoneally (5&100 me/kg) 20 set after soman if not 
otherwise indicated. In some cases TOCP (tri-ortho-cresyl 
phosphate, K&K Laboratories) dissolved in lJpropane- 
diol was given subcutaneously (100 mg/kg) 20 hr before 
soman. Previous experiments have shown that this will 
inhibit carboxylesterase more than 90% for 36 hr [15]. 
Injected vols. were in all cases 0.5 ml/kg body weight. 

Determination of cholinesterase activities. At a period of 
1 hr after administration of oxime the animals were decap- 
itated and erythrocytes, plasma, brain and diaphragm tis- 
sues were prepared in 20mM sodium phosphate buffer, 
pH 7.4, as previously described [15, 201. A 10% (w/v) 
homogenate of liver tissue in 25 mM NaHC03 was prepared 
with a Potter-Elvehjem homogenizer, and diluted with an 
equal vol. of 20mM sodium phosphate buffer, pH 7.4, 
before assay. A 10% (w/v) homogenate of lung tissue in 
25 mM NaHC03 was prepared with an Ultra-Turrax hom- 
ogenizer, and diluted as above before assay. Acetylcholin- 
esterase (EC 3.1.1.7, acetylcholine hydrolase) and butyr- 
ylcholinesterase (EC 3.1.1.8. acylcholine acylhydrolase) 
activities were determined by the radiochemical method 
of Sterri and Fonnum [21] as previously described [15, 221 
with acetylcholine as the substrate. A quantity of 0.2 mM 
ethopropazine was included to inhibit butyrylcholinesterase 
activities in brain and diaphragm. 

Determination of carboxylesterase activities. Carboxyles- 
terase (EC 3.1.1.1, carboxylic-ester hydrolase) activities in 
plasma and lung were examined with tributyrine as the 
substrate, using the Warburg technique as described by 
DuBois et al. [23] with minor modifications [15]. Undiluted 
plasma (0.2 ml) or 0.2 ml of 10% homogenate of lung tissue 
was used in the assay mixture (2.0 ml total vol). 

Results and discussion 

The effect of HI-6 and HS-6 was investigated at concen- 
trations when they had a distinct therapeutic effect in vivo 

Table 1. Effect of bispyridinium mono-oximes HI-6 and 
HS-6 on mortality of soman poisoned rats* 

Oxime dose 

(mg/kg) 

Mortality (dead/total) 

HI-6 HS-6 No oxime 

50 O/3 113 
14119 

100 115 l/8 

*Soman (200 pdkg) was given subcutaneously, atropine 
(17.5 mgikg) intramuscularly 10 set thereafter, and oxime 
intraperitoneally 20 set after soman. Mortality was 
recorded after 1 hr. 
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Table 3. Effect of bispyridinium mono-oxime HI-6 on cholinesterase and carboxylesterase activities in TOCP treated 
soman poisoned rats* 

Enzyme activity (% of control) 

Soman HI-6 Acetylcholinesterase Butyrylcholinesterase Carboxylesterase 
dose dose 

(&kg) (mg/kg) Erythrocytes Brain Diaphragm Plasma Liver Lung Plasma Lung 

No soman No oxime - - - - - 6-cl 26?1 
No soman 50 - - - - 521 31t1 

30 No oxime 3*1 46 + 5 25 ? 4 6*1 14 * 7 9+1 10 * 1 24 + 2 
30 50 36 t 3 40 2 8 55 t 8 43 ” 8 79 * 7 21 c 1 921 2521 

* TOCP (tri-ortho-cresyl phosphate) (100 mg/kg) was given subcutaneously 20 hr before soman. Soman was given 
subcutaneously, atropine (17.5 mg/kg) intramuscularly 10 set thereafter, and oxime intraperitoneally 20 set after soman. 
Animals were taken for enzyme analysis 1 hr after oxime administration. Results are mean values of 3-6 animals 2 
S.E.M. Control cholinesterase = 100% activity in animals receiving TOCP and atropine. Control carboxylesterase = 
100% activity in animals receiving atropine only. 

(Table 1). Rats treated with HI-6 or HS-6 immediately 
after administration of 100 &kg soman showed signifi- 
cantly higher cholinesterase activities in erythrocytes, dia- 
phragm, plasma and lung than rats which did not receive 
oxime (Table 2). The brain cholinesterase activity, how- 
ever, was not significantly affected by the oxime treatment 
(Table 2). In the case of 200,~dkg soman most animals 
died within 1 hr without oxime treatment (Table 1). In 
contrast, oxime treatment saved most animals for 1 hr after 
soman administration (Table l), i.e. the time when the 
animals were killed for biochemical investigation. In this 
case a higher cholinesterase level were found in the rat 
diaphragm only (Table 2). HI-6 or HS-6 administered 1 hr 
after soman had under our experimental conditions no 
effect on cholinesterase activities (Table2). Treatment with 
HI-6 or HS-6 did not affect the tributyrine hydrolysing 
capacity in plasma or lung of neither soman poisoned (Table 
2) nor TOCP poisoned (Table 3) animals. Inhibition of the 
carboxylesterases by TOCP increased the anticholinester- 
ase effect of soman considerably (compare 100 pug soman, 
Table 2, with 30 ,ug soman, Table 3). 

with results of Wolthuis and Kepner [4] that HI-6 can not 
reactivate soman inhibited cholinesterase which has already 
undergone aging. 

The results indicate a slightly better effect of HI-6 than 
HS-6 on diaphragm cholinesterase activity in case of the 
highest soman dose (Table 2). This is in accordance with 
previous biochemical and physiological results comparing 
the antidotal effect of HI-6 vs HS-6, in rodents [4,5]. 

In conclusion, the results indicate that soman inhibited 
peripheral cholinesterase may be reactivated by treatment 
with HI-6 or HS-6, whereas soman inhibited carboxyles- 
terase is not reactivated by the oximes. 
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Reactivation of soman inhibited acetylcholinesterase in vitro and protection 
against soman in uiuo by bispyridinium-2-aldoximes 

(Received 25 August 1982; accepted 17 November 1982) 

Conventional oxime therapy against organophosphate poi- 
soning is unsuccessful in the case of intoxications by soman 
(1,2,2’-trimethylpropylmethylphosphonofluoridate). It is 
generally assumed, that the failure of oxime therapy is due 
to the rapid transformation of the soman-inhibited enzyme 
acetylcholinesterase (EC 3.1.1.7, AChE) into a non- 
reactivatable form [l]. This secondary process consists in 
a dealkvlation of the trimethylpropyl residue and is called 
aging. The reported data for the half life of aging in uivo 
ranee from 1.5 to 16 min 12-41. These figures mean that 10 
min after inhibition still i-65%, respec&ely. of the phos- 
phonylated AChE should be available for reactivation by 
an oxime. 

In the recent decade, several pyridinium oximes, syn- 
thesized in the laboratory of Hagedorn, Freiburg, have 
been reported to exhibit considerable protective effects 
against soman in mice [5], rats [6], dogs [7] and monkeys 
[8]. Their protective mechanism is still unknown. 

Findings described by Wolthuis and Kepner indicate that 
already l-2% reactivation of the original AChE activity 
in the tissue can result in a partial recovery of the neuro- 
muscular transmission, sufficient to sustain spontaneous 
respiration. Thus, it seems reasonable to assume that the 
beneficial activity of the new oximes could, at least in part, 
result from their reactivating action. In order to get more 
information about this question, we found it worthwhile 
to compare the protective effects of some of these oximes 
in vivo to their reactivating potencies in vitro. 

In 1980, DeJong and Wolring [9] analysed the kinetics 
of the competing reactions reactivation and aging on 
soman-inhibited AChE in vitro. At 25”. pH7.4 the rates 
of both reactions were found to be in a similar range. 
According to the complicated reaction mechanisms rather 
sophisticated experimental arrangements and calculations 
had to be applied. For testing a series of oximes. for the 
present primarily upon their reactivating potency, we 
decided to simplify the system by minimizing the interfer- 
ence of the aging reaction. According to previous experi- 
ences [lo], this was done by lowering the temperature to 
5” and increasing the pH to 8.0. In spite of the fact that 
this is far away from physiological conditions, it should be 
worthwhile to compare the gradation of the reactivating 
potencies with the protective effects in vivo within selected 
series of oximes. Eventual correlations would give valuable 
hints for the further investigation of the protective mech- 
anism of these oximes. 

The phosphonylation of AChE, with equimolar amounts 
of the fast reacting isomers of soman, was performed at 5” 
and pH 9.0 in order to keep the loss of reactivatable activity 
by aging during the inhibition period as low as possible. 
Control experiments were run to take account of the inhibi- 

tory effect of the oximes themselves. The reactivation was 
carried out with 1 mM oxime in absence of substrate at 5”, 
pH 8.0, and determined by activity measurements in 
samples drawn from the reaction mixture at appropriate 
time intervals. 

Materials and methods 

Materials. Bovine red cell acetylcholinesterase (AChE, 
EC 3.1.1.7) was purchased from Sigma (Munchen) and 
contained 6.5 X loci* mol of active sites per mg, as deter- 
mined by ‘titration’ with 97% pure soman [ll, 121. Sol- 
utions of acetvlthiocholine iodide and 5.5’-dithiobis-(2- 
nitrobenzoic acid) from Serva (Heidelberg) were made up 
according to the usual Ellman procedure [13]. Standard 
buffers from Ingold were used to calibrate the glass 
electrodes. 

All pyridinium oximes were gifts from Professor I. 
Hagedorn, Freiburg/Br. We received the HGG-compounds 
as iodides; their poor solubility often did not allow to make 
up of the stock solution in the required concentration of 
5 mM. Therefore, they were converted into the chlorides 
by ion exchange on Dowex 2 x 10. This was done immedi- 
ately before the enzyme experiments, using the eluate from 
the exchange column directly after filling up to a defined 
vol. The concentration of the 5 mM stock solutions was 
controlled spectrophotometrically (in 0.1 M NaOH); the 
yield of the ion exchange procedure was 100% in each case. 

Phosphonylution of AChE. A quality of 1 ml of a 
1.3 x 10m8M enzyme solution in 0.155 M NaCl was cooled 
to 5”, adjusted to pH 9.0 with 1 M NaOH and mixed with 
4 ~1 of a solution of soman in ethanol to give 2.6 x lo-* M 
as the final soman concentration. This corresponds to a 
concentration of 1.3 X lo-* M with regard to the fast react- 
ing soman isomers [14]. After 15 min the completion of the 
reaction was controlled by assaying a 10~1 sample in the 
Ellman test [13] for its residual enzymatic activity. This 
stock solution was used immediately after the 15 min 
inhibition period for the reactivation experiments as 
described below. 

Aging during the phosphonylation period. A solution of 
inhibited enzyme as described above was diluted with 4.5 ml 
0.155 M NaCI, kept at 5” and pH 9.0, the latter being 
controlled by a pH-stat arrangement. After appropriate 
time intervals, 100 ~1 samples were transferred from the 
aging mixture into test tubes containing 0.9 ml 0.155 NaCl 
and 1.0 ml 0.1 M 2-hydroxyiminomethyl-l-methylpyridi- 
nium iodide as the reactivating agent, adjusted to pH 8.0. 
The reactivating mixture was kept overnight at 25”. After 
24 hr, 1.8 ml of the solution was used to determine the 
enzymatic activity by pH-stat titration at 25”, pH 7.0, with 
20mM NaOH in the presence of 55 mM acetylcholine 


