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The effect of preheating rats with 3-methy~~~lanthrene upon the enhancement 
of microsomal aniline hydroxylation by acetone and other agents 

(RrccJivud 27 Jurw 1974; accepted 31 July 1974) 

Various compounds have been found to enhance the hy- 
droxylation of aromatic amines by the hepatic microsomal 
fraction in citro, following their addition to the reaction 
mixture [I, 21. Andcrs [i] has suggested that the enhancing 
effect ofacetone might be attributable to the presence of two 
aromatic amine hydroxylases in the microsomal fraction, 
one with a high substrate affinity and a low I/,,,which is in- 
hibited by acetone, and the other with a low substrate 
affinity and a high y,,,,\ which is not inhibited by acetone and 
whose properties only become apparent when the former 
hydroxylase is inhibited. Vainio and Hanninen [4] found 
that acetone added to the microsomal fraction decreased the 
type 11 difference spectrum and increased the type I differ- 
ence spectrum produced by aniline. They suggested a corre- 
lation between the increased type 1 spectral change and the 
enhancement of aniline hydroxylation by acetone. They also 
found that phospholipase C digestion of the microsomal 
fraction, which destroys the type I binding site [5], abo- 
lishes acetone enhancement of aniline hydroxylation [4]. 

drug metabolising activity of the freshly prepared microso- 
mal fraction was determined over 30 min at 37 using a sup- 
porting system utilizing glucose-6-phosphate dehydro- 
genase as described by Maze1 [9]. The formation of p- 
aminophenol from aniline was measured by the method of 
Schcnkman ef ui. [IO] and formaldehy~~e from aminopyril~~ 
by the method of Nash [ll]. The concentration of aniline 
in the reaction mixture was 2.5 mM and aminopyrine 5.0 
mM. In studies to determine the kinetic constants of aniline 
hydroxylation aniline concentrations of 0.1. 0.2. 0.3. 0.5 and 
I.0 mM were employed. The protein content of the microso- 
ma1 fraction was determined by the method of Lowry (91 ill. 
[12]. 

The pretreatment of rats with polycyclic hydrocarbons 
such as 3-methylcholanthrene has been shown to diminish 
the type i difference spectrum produced by drugs and to de- 
crease metabolism of type 1 substrates [6]. If acetone is pro- 

ducing its effects upon aniline hydroxylation by promoting 
the type I binding of aniline, then it might be expected that 
pretreating rats with 3-methylcholanthrene would result in 
a decrease in the ability of acetone to enhance aniline hy- 
droxylation. Anders 177 has reported however that the aro- 
matic hydroxylase from rats pretreated w*ith 3-methylcho- 
lanthrene still responds to acetone. We have reinvestigated 
the effects of pretreating rats with 3-methylcholanthrene 
upon the ability of the microsomal fraction to respond to 
acetone and other enhancing agents. 
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Male Wistar rats weighing 25Og were pretreated with 
four, daily intraperitoneai injections of 3-methylcholanth- 
rene 80 mg/kg, dissolved in corn oil. Control animals were 
treated with an equivalent volume of corn oil. Hepatic mic- 
rosomes were prepared by the method of Ernster et al. [X] 
and suspended in 0.25 M sucrose. 0.05 M Tris’ pH 7.4. The 

Fig. 1. The effect of acetone upon the metabolism of aniline 
and aminopyrine by the hepatic microsomal fraction from 
control (0) and 3-methylcholanthrene pretreated rats (e). 
Incubation conditions are described in the text. Acetone was 
added directly to the reaction mixture to give the con- 

centrations shown, 
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Table 1. The effects of acetone on the kinetics of aniline hydroxy~dt~on by the microsomal fraction from control and ?- 
methyl~holailthren~ (3-MC) pretreated rats 

(& v 
“ldl 

(nmolesjmg per 30 min) 

Untreated 
Untreated + acetone 
3-MC 
3-MC + acetone 

0234 & 0.004 8.84 k 051 
o-286 i_ @O 14* 39.42 * 1,891- 
0,266 + 0.01 1 18% * 0.38 
0.235 * 0.045* ‘1.72 * 0.x9* 

The incubation system employed is dcscribcd in the text. The aniline concentrations were 0.1, 0.2. 0.3. 0.5 and I.0 mM 
and the acetone concentration 0.62 M. The values represent mean i S.E.M. of five determinations. 

* P = <WYi. t P = co.01 when compared to the appropriate control in the absence ofacetone. 

Acetone added to the microsomal fraction from untreated 
rats produced a maximum enhancement of aniline hy- 
droxylation of 436 per cent at @75 M, whilst aminopyrine 
demethylation was progressively inhibited up to 75 per cent 
at I.0 M (Fig. 1). Pretreating rats with 3-methylcholanthrene 
itself produced a 77 per cent increase in aniline hydroxyl- 
ation but almost completely abolished the ability of acetone 
to enhance aniline hydroxybdtion. Aminopyrine demethyla- 
tion was inhibited 75 per cent by 3-methylcholanthrene pre- 
treatment, although the remaining activity was inhibited by 
increasing concentrations of acetone in a manner analogous 
to the activity in the microsomal fraction from untreated 
ammals. This may represent a non specific inhibition of the 
catalytic site by acetone. 

The effect of pretreating rats with ~-nlethylcholanthrene 
upon the changes in the kinetics of aniline hydroxylation 
produced by acetone is shown in Table 1. Acetone added to 
the microsomal fraction from untreated animals produced 
onI4 a 22 per cent increase in K, but a 346 per cent increase 

in LX. This differs from the findings of Anders [3] who 

Table 2. The e&et of pretreating rats with 3-methylcho- 
lanthrenc (3-MC) upon the enhancement of aniline hy- 

droxylation by different agents 

Aniline hydroxylation 

(“/:) 
Untreated 3-MC 

Control 1000 & 2.9 100.0 + 3.5 
Acetone 0.75 M 436.0 k 3.1 113.9 f 1,9* 
2.2’.bipyridyl 2.5 mM 3454 + 1.8 142.8 + 3.l* 
Metyrapone 1 mM 133.0 f 1.x 82.3 f 1,2* 
Paraoxon 5 mM 170.6 + 17.3 95.0 * 5,0* 
l.lO-phe~nthroli~~ 

4mM 175.5 + 1.4 57.0 f 0,2* 

The incubation system employed is described in the text. 
The concentration of an enhancing agent employed was that 
found to produce the maximal increase in aniline hydroxyl- 
ation by the microsomal fraction from untreated rats. The 
results are expressed as per cent of the appropriate un- 
treated or 3-MC treated control, and represent the mean 
f S.E.M. of four determinations. 

* P = <O-O1 compared to the e%ct of the agent on the 
microsomal fraction from untreated rats. 

* A.R.B. is a Medical Research Council Scholar. 

reported an almost two fold increase in both the K,,, and 
C’_;,X. Pretreatment with 3-methylcholanthrene itself had 
little c&t upon the K,,, causing a 14 per cent increase 
(P < 0.05). but produced a I IO per cent increase (P < 0.01) 
in the V,,,,,,. Acetone added to the microsomal fraction from 
3-methqlcholanthrenc pretreated animals now dccrcascd 
the K, by 12 per cent and increased the L&,>by only 17 per 
cent. 

The induction of hepatic microsomal mixed function oxi- 
dase activity bq polycyclic hydrocarbons results in the 
formation of an aberrant form of qtochrome P-450, 
called cytochrome P-448. which lacks the type I binding 
site 16, 131. The type 11 binding site is however unaffected. 
Chaplin and Mannering [5] have suggested that the binding 
of type 1 substrates to cytochrome P-450 results in a confor- 
mational change facilitating the flow of electrons within the 
substrate-hdemoprotein complex. An alternative suggestion 
by Hayes and Campbell 1141 is that binding to the type 1 
site increases the availability of the substrate for the cata- 
lytic site. In either case an increase in the binding of aniline 
to the type I site. as produced by acetone would be expected 
to increase the rate of aniline hydroxylation. Destruction of 
the trpe 1 binding site ~,t rifr-o by digesting the microsomal 
fraction with phospholipase C abolishes acetouc cnbance- 
ment [4]. The present work shows that an in +o reduction 
in type 1 binding caused by 3-methylcholanthrene pretreat- 
ment also abolishes acetone enhancement. 

The effects of pretreating rats with B-methylcholanthrenc 
upon the increase in amline hydroxylation produced by 
other enhancing agents are shown in Table 2. The agents 
studied were 2,2’-bipyridgl [ 151. metyrapone [ 161. paraox- 
on Cl77 and l,iO-phenanthroline 1151. Pretreating rats with 
3-methylcholanthrene markedly reduced the enhancing 
effects of all the agents studied and in some cases led to an 
inhibition of aniline hydroxylation. Leibmdn and Oritz [IS] 
have previously reported that pretreatment with 3-methyl- 
cholanthrene reverses the enhancing action of metyrapone 
and Anders [7] has reported that ~-meth~l~holantilr~n~ 
pretreatment reverses the enhancing effects of 2.2’-bipyridyl. 
It has so far proved dificult to ascribe a common 
mechanism of action to the various enhancing agents [I. 11, 
The present results suggest however that all the enhancing 
agents studied may require an intact type 1 binding site to 
produce their effect. 

GAR 1’H POWIS 

ALAN R. Booms* 
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The influence of 6-hydroxydopamine on mouse brain acetylcholinesterase and 

glutamic acid decarboxylase activity 

(Received 24 Juw 1974; ucceptrd 31 July 1974) 

Classical approaches to the study of function in the nervous 
system include biochemical inactivation and anatomical 
lesioning. The finding that 6-OHDA destroys catechola- 
mine containing neurones has therefore been the subject of 
many studies. In adult animals the catecholamine contain- 
ing nerve endings destroyed by 6-OHDA show no ten- 
dency for regeneration [I]. The intraventricular (iv.) 
administration of 6-OHDA is initially associated with 
various behavioural changes. yet within days it is difficult to 
distinguish the experimental animals from the controls [2]. It 
seems possible that the residual catecholamine containing 
neurones,orother neural systems,aretdkingover the function 
of the destroyed neurones. The possibility of an influence of 
6-OHDA on brain AChE (Acetyl-CoA: choline O-acetyl- 
transferase E.C.3.1.1.7.) and GAD (L-glutamate I-carboxy- 
lyase E.C.4.1.1.15) activity was examined since these 
enzymes are concentrated in nerve endings and play key 
roles in other putative transmitter systems. 

The iv. injection technique of Brittain and Handley [3] 
was used to inject 200 pg of 6-OHDA (Labkemi, Goteberg. 
Sweden), made up in O,l”, (w/v) ascorbic acid in 5 /iI. 

Abbreviations used: 6-OHDA (6-hydroxydopamine)? The i.v. injection of 6-OHDA 3 days prior to assay 
GAD (L-glutamic acid 1 -carboxylyase E.C.4.1_1_15), ChaC resulted in a statistically significant decrease in whole brain 
(Acetyl-CoA: choline O-acetyltransferase E.C.2.3.1.6), DA DA (P < O+Ol) and NA (P < 0001). although no signifi- 
(dopamine). NA (noradrenaline), 5-HT (5.hydroxytrypta- cant change in the level of 5-HT was produced (Table I). 
mine). This decrease in brain catecholamines was associated with 

Female mice of the LACiG strain, of approx. 25 g w t were 
used. The control animals received an equivalent volume of 
O.l”, ascorbic acid. All injections wcrc administered 3 days 
prior to biochemical assay. One half of a mouse brain was 
used to determine GAD activity according to Lowe et 
a/.[4], and the other half of the brain was used to assay 
AChE according to Ellman c’t id. [5]. Protein was assayed 
by the method of Lowry ct al. 161. 

Three mouse brains, frozen in liquid nitrogen, were 
pooled and used for the determination of the biogenic 
amines, NA. DA and 5HT. which were measured according 
to Brownlee and Spriggs 171. 

Following the injection of 6-OHDA the behaviour of the 
mice alternated between short periods of hyperexcitability 
and longer periods of sedation. About one mouse in eight 
entered into convulsions and died. A report has appeared 
describing the effects of 6-OHDA in the mouse [8]. These 

authors reported that doses in excess of 5Opg produced a 
high mortality rate. In our experiments the dose of 200 pg 
killed 12 15 per cent of the mice and a further IO per cent 
showed varying degrees of ataxia. After three days the beha- 
viour of the remainder of the mice was almost indistinguish- 
able from saline-injected controls and these mice were used 
for the biochemical assays. 


