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Liver esterases and soman toxicity in the rat foilowing partial hepatectomy 

(Received 17 May 1989; accepted 20 September 1989) 

it is welt established that soman (I ,2,2’-trimethylpropyl 
mcthylphosphonofluoridate) is detoxificated through 
hydrolysis catalysed by the unspecific enzyme somanase 
(EC 3.1 .S. 1, organophosphorus compound hydrolase [ 11) 
and binding to serine esterases other than acetylcho- 
linesterase (EC 3.1.1.7) such as carboxylesterase (EC 
3.1.1.1; carboxylic ester hydrolase) and cholinesterase (EC 
3.1.1.8). These enzymes are widely distributed in the body. 
In rat liver, which possesses a high capacity of soman 
detoxification [2] as indicated by great activity, sensitivity 
and affinity of carboxylesterases and somanases towards the 
agent ]3], the carboxylesterase and cholinesterase activities 
were inhibited to a lesser extent than in other organs after 
soman poisoning [4, 51. 

The importance of liver in soman detoxification had been 
previously investigated both by soman perfusion through 
rat liver [6] and by alteration of liver carboxylesterase and 
cholinesterase activities after pretreatment with various 
agents such as phenobarbital [4, 71, triorthocresyl phos- 
Dhate (TOCPI 141 or 2-(o-cresvl~-4H-1:3:2-benzodioxa- 
phosphorin-2-dxcde (CBDP) ’ [7-91, tetraisopropyl 
pyrophosphoramide (iso-OMPA) 17, lo] and N,N’-diiso- 
propylphosphordiamidofluoridate (mipafox) [lo]. So far, 
no data has been available concerning the influence of 
partial hepatectomy on acute toxicity of organophosphorus 
compounds. The purpose of this study was to compare the 
abilities of intact and partially removed rat livers to detoxify 
soman as well as to examine the effect of the widely used 
method of patial hepatectomy on the acute soman toxicity 
in rats. 

Materials and methods 

Animals. All experiments were carried out on male Wis- 
tar rats weighing 170-190 g which had food and water ad 
fib. Rats under slight ether anesthesia underwent partial 
hepatectomy according to the procedure of Waynforth 
1111. The technique (originally described by Higgins and 
Anderson [12]), based on removal of the main lobes 
(median and left lateral) which comprise approximately 
two-thirds of the liver, is tolerated well by the animals and 
simple to perform. However, the ablation of 85% of the 
liver was not tolerated as well. 

Materials. Soman was obtained from the Chemistry Sec- 
tion at the Military Technical Institute. It was 98.8% pure 
as determi~led by nuclear magnetic resonance spectroscopy. 
Other chemicals were obtained from various commercial 
sources: tributyrin and physostigmine sulfate (Serva, Hei- 
delberg, F.R.G.); methyl butyrate (Fluka, Buchs, Swit- 
zerland); ethyl butyrate and atropine sulfate (Sigma 
Chemical Co., Poole, U.K.); triorthotolyl phosphate 
(Eastman Kodak, Rochester, NY) and oxime HI-6 (pyri- 
din&m, l-(((4-carbamoylpytidinio)-methoxy) methyl-2- 

(hydroxyiminomethyl) dichloride) (Institute SBS Sarajevo, 
Yugoslavia). 

~o~~co~ogy. Acute toxicity of soman based on 24 hr mor- 
talities was calculated by the method of Weil 1131. TOCP 
(250 mg/kg, s.c.) was administered 24 hr before performing 
partial hepatectomy. 

Enzyme determinations. Rats were pretreated with 
physostigmine sulfate (0.2 mg/kg, s.c.) + atropine sulfate 
(20 mg/kg, Cm.) + HI-6 (50 mg/kg, i.m.) 20 min prior to 
the S.C. injection of soman. This treatment schedule was 
adopted to ensure that there were survivors at the 30 min 
sampling period. Such pretreatment did not affect normal 
carboxylesterase and chohnesterase activity in rat liver. 

Liver homogenate (1:lO) in saline was prepared in Pot- 
ter-Elvehjem homogenizer and centrifuged at 3000 rpm for 
10 min. 

Carboxylesterase activities were assaved by the pH-stat 
technique- using tributyrin (final concentration 6.5 mmol/ 
L1. ethvl (9 mmol/L~ and methvl (5 mmol/l~ butvrates as i 1 / , 

substraces: Butyric acid, liberated from enzymatic degra- 
dation of the substrates. is titrated with 0.01 N NaOH 
solution. To a reaction vessel 10 mL of substrate solution 
was added and then titrated to pH 7.60 at 25”. The amounts 
of liver homogenate supetnatant added were: 0.2 mL for 
tributyrin and 0.05 mL for ethyl and methyl butyrate 
hydrolysis. Enzyme activities were calculated from the rate 
of addition of NaOH during the first 5 min after 
homogenate was added (and expressed as nmoles of sub- 
strate hydrolysed per min per mg of protein). All solutions 
were CO,-free. Cholinesterase activity in liver was assayed 
towards acetylthiocholine iodide as substrate (and 
expressed as nmoles of substrate hydrolysed per min per 
mg protein) according to the method of Ellman et al. [ 14). 
Protein content was determined by the method of Lowry 
et al. 115). 

Statistics. Significance of difference was examined by 
Student’s f-test; P < 0.05 was considered statistically 
significant. 

Results and discussion 

The results presented in Table 1 show that partial hepa- 
tectomy markedly increased acute toxicity of soman in 
rats. Treatment with 250mg/kg of TOCP, which caused 
complete inhibition of plasma and skin carboxylestetase 
and 85% of liver carboxylesterase activities ]3], strongly 
potentiated the toxicity of soman. After TOCP treatment 
most soman binding sites are already occupied and 
cholinesterases are then widely exposed to the agent. Under 
these circumstances detoxification of this compound is 
greatly altered since the reduction of soman LDcO to 15% 
of its initial value (Table 1) cannot further be attributed to 
carboxylesterases but to enzymatic hydrolysis. Therefore, 



798 Short communications 

Table 1. Effect of partial hepatectomy on sornan toxicity in rats 

% of liver 
removed 

0 
67 
85 

Soman LoTo 

(nglkg) 95% limits 

80.0 (71.0-91.0) 
51.5 (45.8-58.7) 
38.1 (36.&41.2) 

TOCP pretreated 
soman Lb(,,* 

@g/kg) 95% limit 

11.3 (10.1-12.7) 
6.3 (S.t%7.1) 
‘4.8 (4.3-S.5) 

Relative 
toxicityt 

7.1 
8.2 
7.9 

* Rats were treated with TOCP (250 mg/kg. s.c.) 24 hr before performing partial hepa 
tectomy. Soman was given 24 hr later. 

$ Relative toxicity = 
soman Lo+,) 

soman IL>-,, after TOCP pretreatment’ 

Table 2. Effect of soman on liver carboxylesterase and cholinesterase activities in intact and partially hepatcctomized 
rats 

Rats 
Dose soman 

(X Lo%) Tributyrin 

Carboxylesteraset 

Ethyl butyrate Methyl butyrate Cholinesterasc 

Control 

Intact 

- 

0.7S 

Partially 
hepatectomized 

5 107 It 7 
(77.5) 

0.75 84 + 12 
(60.9) 

5 73 + 15?- 
(52.9) (29.7) 

X28 2 104; NS 

(97.0) ) 
I 

729 ? 145 l _J 
(85.4) 

521 ? 9s 1 

1 

! 
(61.0) j 

304 2 69A 
(35.6) 

(63.2) 

4.9 r 1.7- 
(39.2) 

Partially hepatectomized rats received equitoxic doses of soman (i.e. 39 and 258 ng/kg) considering that the LDvl value 
was 51.5 ,ng/kg (Table 1). 

Rats were pretreated with physostigmine (0.20 mg/kg. s.c.) + atropine (20 mg/kg, i.m.) + HI-6 (SO mg/kg. i.m.) 20 
min prior to receiving soman. Soman was given S.C. 24 hr after two-thirds hepatectomy and enzyme activities (expressed 
as nmol substrate hydrolysed per min per mg protein) were determined 30 min later. 

t Mean ? SE; (N = 6-B), numbers in parentheses indicate percentage change compared to controls (100% ). 
* P i 0.05; ** P < 0.005; (Student’s f-test). 
NS. not significant. 

it appears that when doses close to LD5,, of soman are 
given by the S.C. route only a minor part of the agent is 
detoxificated by somanases. This is in accordance with the 
results of de Jong et al. [16] who found that less toxic 
isomers of soman are preferentially degraded by 
somanases. However, the importance of these enzymes 
should be more expressed in poisonings with larger doses of 
soman. In addition. partial hepatectomy did not markedly 
influence potentiation of the soman toxicity by TOCP. 

The effect of two doses (0.75 and 5 rn,,,) of soman on 
carboxylesterase and cholinesterase activities in rat liver 
was examined in intact and two-thirds hepatectomized rats 
(Table 2). 0.75 LD5,, of soman given to intact rats only 
slightly inhibited liver carboxylesterase activity. The other 
dose (5 LD5,,) of the agent administered to intact rats sig- 
nificantly inhibited liver carboxylesterase activity towards 
ethyl butyrate as substrate. When equitoxic doses of soman 
were given to partially hepatectomized rats, liver car- 
boxylesterase and cholinesterase activities were signifi- 
cantly more inhibited than in intact rats. These enzymes 

were not maximally inhibited in partially hepatectomized 
rats that received 5 LD50 of soman. indicating that the main 
part of the agent was detoxiticated through hydrolysis and 
binding before it reached these enzymes. One-third of 
liver that was left in the rats appeared to be successful 
in detoxification of soman as evidenced by 3053% of 
carboxylesterase activities that were preserved after 
administration of 5 LD50 of soman (Table 2). 

Under the conditions of reduced liver size and inhibition 
of major part of liver carboxylesterase activity by TOCP. 
binding processes are not as important for soman detox- 
ification and. thus, the significance of somanase activity 
which was not affected by such treatment seems to be 
crucial for survival of animals. Moreover, somanase and 
carboxylesterase activities from other tissues such as plasma 
and skin 1171 that remained unaffected after partial hepa- 
tectomy may markedly contribute to this process. 

In conclusion, the acute toxicity of soman in rats was 
greatly increased after partial hepatectomy. When equi- 
toxic doses of soman were given to intact and two-thirds 
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hepatectomized rats, liver carboxylesterase and chol- 
inesterase activities were significantly more inhibited in the 
Iater animals but were still very evident. This finding had 
brought additional evidence for the great capacity of rat 
liver for soman detoxification and the method used was 
convenient for quantitative measurement of liver involve- 
ment in such a process. 
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Desulfuration of the insecticide parathion by human placenta in vi&o 

(Received 20 April 1989: accepted 29 August 1989) 

Despite the existence of multiple forms (at least five) of 
cytochrome P-450 within human placenta. only a limited 
number of xenobiotics have been documented thus far 
as substrates for placental cytochrome P-450-dependent 
oxidation [l, 21. Furthermore. these reported activities 
occur at extremely low rates [2], except for aryl hydro- 
carbon hydroxylase activities in placentae of smokers which 
can approach those activities found in adult rat livers [3- 

-51. 

highly reactive electrophile. which binds covalently to tissue 
macromolecules following administration of [“‘Slparathion 
in oiuo [9] and upon incubation of this insecticide with 
hepatic microsomes in uitro [lo]. As a result, covalent 
binding of [“S] following incubation of tissues with 
~~~S]parathion can be utilized as a sensitive assay to docu- 
ment the occurrence of desulfuration of this insecticide. 

Methods 

The present study. by quantifying covalently bound [“S] [“S]Parathion (X-50 mCi/mmol) was obtained from the 
after incubation of placental homogenates with [%]pa- Amersham Corp. (Arlington Heights. IL). Untabeled para- 
rathion ~~,~-diethyl-~-(4-nitrophenyl)phosphoro- thion was purchased from Chem Service Inc. (West 
thioate]. demonstrates the capacity of human placentae Chester. PA). while NADP’. glucoseh-phosphate. and 
from nonsmokers to desulfurate thts organothiophosphate glucose-6-phosphate dehydrogenase were obtained from 
insecticide. Parathion is known to undergo oxidative desul- the Sigma Chemical Co. (St Louis, MO). Placentae were 
furation by hepatic cytochrome P-4%dependent mono- obtained following repeat Cesarean sections from nonsmo- 
oxygenases, leading to formation of the potent kers who were not receiving any medications chronically, 
choiinesterase inhibitor paraoxon [O.O-diethyl-O-(J-nitro- Four patients were anesthetized by epidural injection of 
phenyl)phosphate], diethyl phosphorothioate, diethyl lidocaine hydrochloride; two other patients underwent gen- 
phosphate, and atomic sulfur [7,X]. Atomic sulfur is a eral anesthesia with thiopental sodium, succinylcholine 


