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Abstract-6Aminochrysene (6AC) and a series of derivatives, which are selective 
inhibitors of the growth of a spontaneous mammary carcinoma in mice and a rhab- 
domyosarcoma in rats, antagonize the muscular paralysis induced by zoxazolamine in 
Sprague-Dawley male rats. This effect is shown to be maximal 24 hr after treatment and 
decreases at longer intervals. The route of administration of both drugs does not appear 
to be important. 

Measurements of blood and brain zoxazolamine in rats pretreated with 6AC indicate 
lower levels of the compound as compared with controls. Furthermore in oitro experi- 
ments show that the 9OCOg liver fraction of 6AC pretreated rats metabolize zoxazolamine 
twice as rapidly as controls. 

On the contrary, 6AC pretreatment does not reduce the duration of paralysis induced 
by carisoprodol, the sleeping time by pentobarbital, the convulsions or the toxicity by 
strychnine. Moreover, the in vitro metabolism of two microsomal substrates, p-NO2 
anisol and aniline, is not affected by 6AC. 

These findings may well account for the strong specific inhibition of 6AC on zoxazo- 
lamine induced paralysis and are consistent with the hypothesis that 6AC resembles 
polycyclic hydrocarbons in its stimulating activity on hepatic microsomal enzymes. 

6-AMINOCHRYSENE (6AC) and a series of derivatives are non-carcinogenic polycyclic 
hydrocarbons which have a selective inhibitory effect on the growth of a spontaneous 
mammary carcinoma in mice1,2 and a rhabdomyosarcoma in rats3 

6AC is a lipid soluble compound which is poorly absorbed from the gastrointestinal 
tract or the peritoneal cavity (G. Franchi unpublished results). It is practically devoid 
of specific pharmacodynamic activities with the exception of an antagonistic effect in 
respect to the muscular paralysis induced by zoxazolamine. Buu-Hoi et aL4 describing 
this effect suggested that 6AC could be an inducer of liver microsomal oxygenases 
responsible for the hydroxylation of zoxazolamine to a metabolite devoid of paraly- 
zing activity. This paper gives evidence that 6AC and some congeners are powerful 
agents in increasing the metabolism of zoxazolamine and it suggests that its activity is 
similar to other polycyclic hydrocarbons. 

MATERIALS AND METHODS 

Groups of eight Sprague-Dawley male rats (150 f- 20 g body wt.) were used. The 
animals had free access to food (Diet Ala1 56 of Alal, Milan) and water during the 
experiments. All animals were kept at a room temperature of 22” with a relative 
humidity of 60 % in cages of Makrolon (47 x 25 x 15 cm for six rats). 6AC and its 
derivatives iV(6-chrysenyl)carbamic acid, ethylester (EORTC No. 118), 6-chrysene- 
aminomethanesulphinic acid, sodium salt (EORTC No. 334), N-[bis(beta-hydroxy- 
ethyl)aminoacetyl]-6-chryseneamine (EORTC No. 499) were kindly supplied to the 
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E.O.R.T.C. by Continental Pharma, Bruxelles and zoxazolamine by McNeil Labs. 
Inc., Washington, U.S.A. For the intraperitoneal injection, 6AC, its derivatives and 
zoxazolamine were suspended in 1% carboxymethylcellulose. For the intravenous 
injection, both zoxazolamine and 6AC were dissolved in a solvent containing 70% 
HzO, 25 % dimethylsulphoxide and 5 % Tween 80 (v/v). 

1. Pharmacological endpoints 

The duration of paralysis induced by zoxazolamine and carisoprodol was evaluated 
by means of a rotatory bar (9 cm diameter, 2 rev./min). 

The sleeping time induced by pentobarbital was determined by following the loss of 
the righting reflex. 

The toxicity of strychnine was evaluated by determining the onset of convulsions 
and mortality. 

2. In vivo metabolism 

The in viuo metabolism was investigated by determining the rate of disappearance of 
zoxazolamine from blood and brain. Blood and tissue levels of zoxazolamine were 
determined according to the spectrophotometric method of Juchau et aI.= 

3. In vitro metabolism 

The livers were removed immediately after sacrifice and homogenized with 4 vol. of 
ice-cold I.1 5 ‘A KC1 solution in a Potter type Teflon-homogenizer. 

The homogenates were centrifuged at 9000 g for 20 min and the supernatant fraction 
was used. 

Three ml of 9000 g supernatant equivalent to 600 mg of liver were mixed with 2 ml of 
solution containing NADP (1 a5 PM), glucose-6 phosphate (50 PM), magnesium 
chloride (25 PM), nicotinamide (100 PM) potassium phosphate buffer (280 FM, pH 
7.4) and the substrate represented by p-nitroanisol (3 PM), aniline (5 PM) or zoxa- 
zolamine (3 PM). 

The mixture was incubated at 37” for 30 min in the case of p-NO2 anisol and aniline, 
and for 60 min in the case of zoxazolamine. 

Hydroxylation of zoxazolamine was determined by measuring the disappearance of 
the substrate according to the method of Juchau et aL5 0-Demethylation of p-NO, 
anisol and parahydroxylation of aniline were determined by measuring the formation 
of para-nitro-phenol and para-aminophenol respectively, according to the method of 
Gilbert and Goldberg.6 Protein determinations were performed according to Lowry 
et a1.7 

RESULTS 

1. The duration of zoxazolamine paralysis in rats pretreated with 6AC or derivatives 

Table 1 shows that a pretreatment with 6AC or its derivatives considerably de- 
creases the duration of paralysis induced by zoxazolamine. 

Phenobarbital, a classical inducer of microsomal enzymes,’ given at a higher dose 
was less effective than 6AC or some of its congeners. 

The inhibiting effect of 6AC pretreatment on zoxazolamine paralysis is maximal 
when zoxazolamine is administered 24 hr after 6AC and diminishes with longer 
pretreatment intervals. This is evident from the data reported in Table 2. 
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TABLE ~.DURATION OF ZOXAZOLAMINE INDUCED PARALYSIS IN RATSPRETREATEDWUH 

6AC ANDSOMEDERIVATIVES 

Treatment 
Dose Duration of paralysis 

(mg/kg/i.p.) (min & S.E.) (‘A decrease) P 

Controls 
20 

238 f 18 
6AC 6455 73 

- 
< OXrOl 

GECA 118 35+ 2 <O.OOl 
GECA 334 

;: 
325 3 

:: 
<ON)1 

GECA 499 20 113 * 14 53 CO~OOl 
Phenobarbital 80 105 * 17 56 c O@Ol 

6AC and its derivatives were suspended in carboxymethylcellulose and administered 
intraperitoneally 24 hr before zoxazolamine. 

Zoxazolamine was suspended in carboxymethylcellulose and administered intrape- 
ritoneally at the dose of 90 mg/kg. 

Phenobarbital was administered intraperitoneally at the dose of 80 mg/kg daily for 
2 days starting 72 hr before zoxazolamine. 

TABLE 2. DURATION OF ZOXAZOLAMINE INDUCED PARALYSIS IN RATS AT 

DIFFERENT INTERVALS AFTER 6AC 

Treatment Time between 6AC and Duration of paralysis 
(mg/kg/i.p.) zoxazolamine (hr) (min & SE.) (‘A decrease) 

Controls 
6AC 5 

6AC 20 

6AC 50 

- 238 f 18 - 
24 106rt 3 55 
48 135% 6 43 
24 56* 5 77 
48 81 f 12 66 
72 166 f 10 30 
24 45* 2 81 
48 73* 4 70 

6AC and zoxazolamine (90 mg/kg) were suspended in carboxymethyl- 
cellulose and administered intraperitoneally. 

Since both compounds 6AC and zoxazolamine were injected intraperitoneally it is 
possible that 6AC impaired in some way the absorption of zoxazolamine. Therefore 
two experiments were performed in which either zoxazolamine or 6AC were injected 
intravenously. The results shown in Table 3 indicate that in both cases 6AC is effective 

TABLE ~.INFLUENCEOFTHEROUTEOFADMINISTRA~ONONTHEDURATIONOFZOXAZOLA- 

MINEINDUCED PARALYSISINRATS PRETREATED WITH 6AC 

6AC dose 
(mg/kg) 

Zoxazolamine dose Duration of paralysis 
(mg/kg) (min f S.E.) (% decrease) P 

- 50 i.v. 114 f 24 
20 i.p. 50 i.v. 18f 2 84 <O+)Ol 

- 90 i.p. 232 f 26 - 
10 i.v. 90 i.p. 63 f 12 73 < 0~001 

For the intravenous injection the dose in mg/kg of both drugs was dissolved in 
10 ml of a solution containing 70% H20, 25% dimethylsulphoxide, and 5% Tween 
80 (v/v). Time between 6AC and zoxazolamine was 24 hr. 
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in reducing zoxazolamine paralysis when administered 24 hr before zoxazolamine, 
independently on the route of administration. 

2. In vivo metabolism of zoxazolamine in normal and 6AC pretreated rats 

Since an interference with the rate of metabolism of zoxazolamine may be involved 
in the effect described above, determinations of zoxazolamine were performed in 
brain and plasma of control and 6AC pretreated rats. 

Table 4 shows that brain and plasma levels of zoxazolamine are significantly lower 
in 6AC pretreated animals than in controls. However, at the end of paralysis the 
brain level of zoxazolamine is the same in normal and 6AC pretreated rats thus sug- 
gesting that only a metabolic difference is involved whereas the sensitivity to zoxa- 
zolamine appears to be unchanged. 

TABLE 4. BRAIN AND PLASMA LEVELS OF ZOXAZOLAMINE (90 mg/kg i.p.) 
IN NORMAL AND 6AC PRETREATED RATS 

Time after treatment 
with zoxazolamine Zoxazolamine &g/g or ml f S.E.) 

Treatment (min) Brain Plasma 

Controls 

6AC 

20 115.6 f 4.3 31.0 * 0.9 
40 16.7 + 9.3 30.3 f I.1 
60 84.2 & 5.0 25.4 + 1.5 

120 58.4 & 6.0 19.8 & 0.2 
20 91.2 rt 4.4* 33.8 Jr 1.3 
40 19.8 i 5.1 25.1 & 1.8* 
60 36.9 i. 9.5* 11.1 & 2.1* 

120 8.8 j, 4.6* 4.1 l 0.3* 

* P<O.Ol. 
6AC was suspended in carboxymethylcellulose and administered at the 

dose of 20 mg/kg i.p. 24 hr before zoxazolamine. 

3. In vitro metabolism of zoxazolamine in normal and 6AC pretreated rats 

An in vitro experiment gives further evidence that 6AC stimulates the hepatic 
metabolism of zoxazolamine. 

Table 5 reports the disappearance of zoxazolamine incubated with 9000 g liver 
fraction of normal and 6AC pretreated rats. It may be seen that the livers of 6AC 
pretreated rats metabolize zoxazolamine twice as much as controls. In order to 
investigate whether 6AC, like phenobarbital,8 increases the total amount of liver 
proteins, the protein content of the 9000 g fraction of rats pretreated with 20 and 50 
mg/kg of 6AC has been determined. 

Table 6 shows that the total protein content was significantly decreased in the liver 
of 6AC pretreated rats up to at least 48 hr after treatment. 

4. E#ect qf 6AC on the activity of other drugs 

Since the administration of compounds that stimulate the activity of the liver micro- 
somal enzymes markedly decrease the duration of action of drugs which are metab- 
olized by this enzymatic system, the pharmacological effect or the toxicity of some of 
these drugs after 6AC pretreatment has been investigated. 
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TABLE 5. ZOXAZOLAMINE METABOLISM IN THE LIVER (9000 g 
fIBCtiOII)OF 6Ac PRETREAmD RATS 

Treatment 
Zoxazolamine 

(pg metabolized/60 min f SE.) 

per g of liver per 100 mg of liver proteins 

Controls 161 i 22 78 i 10 
6AC 332 f 21* 177 f t1* 

*p<o.o1. 
330 mg of rat liver (go00 g fraction) were incubated at 37” 

with 500 pg zoxazolamine. 
6AC was dissolved in 70% L&O, 25% dimethylsulphoxide 

and 5% Tween 80, and administered intraperitonea’tly at the 
dose of 20 mg/kg 24 hr before the dete~ination of the enzy- 
matic activity. 

TABLE 6.9OOOg LIVER PROTEIN CONCENTRATION IN RATS PRETREATED wrm 6AC 

Treatment 

Time after 
Dose treatment Liver weight Protein concentration 

(mg~kg) W) fg i SE.) ~rng~g liver If: SE.) P 

Controls - - 7.6 ic 0.4 147.2 f 4.5 - 
6AC 20 24 7.7 $: 0.3 123.3 f 3.0 < 0.01 

48 7.5 & 0.3 130.7 rt 3.5 < 0.05 
6AC 50 24 7.5 f 0.4 131.5 & 2.9 < 0.05 

48 8.7 & 0.5 124.0 f 2.2 <O*Ol 

6AC was suspended in carboxymethylceIlulose and given i.p. 

Table 7 shows that the duration of carisoprodol paralysis and pentobarbital narcosis 
do not decrease with a pretreatment of 20 mg/kg of 6AC. On the contrary, the con- 
vulsions and the toxicity induced by strychnine were markedly increased. To eliminate 
the possibility that substrates other than zoxazolamine could need a different time or 
dose of 6AC pretreatment to be stimulated in their biotransformation and thus inhi- 
bited in their pharmacological effect, 6AC was administered with different schedules of 
treatment before determining pentobarbital narcosis (see Table 8). 

Controls 6AC P 

Duration of carisoprodol paralysis 
(250 mg/kg/i.p.) min f S.E. 

Duration of pentobarbital narcosis 
(35 mg/kg/i.p.) min zt SE. 

Toxicity of strychnine 
(1-S mg/kg/i.p.) % convulsions 

yQ mortality 

134 f 14 188 & 32 > 0.05 

97 i 10 114f 4 > 0.05 

55 77 > 0=0.5 
11 55 < o,oz 

6AC (20 mg/kg/i.p.) suspended in carboxymethylcellulose was administered 24 hr 
before the injection of carisoprodol, pentobarbital or strychnine. 
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TABLE 8. PENTOBARBITAL NARCOSIS IN 6AC PRETREATED RATS 

Treatment 
Dose 

(mg/kg) 

Time between 6AC 
and pentobarbital 

tbr) 

Animals in 
narcosis Sleeping time 

(%I (min * SE?.) P 

Controls 
6AC 

- - 84 
2 i.p. 24 
5 i.p. 24 7: 

10 i.p. 24 87 
20 i.p. 24 100 
20 i.p. 48 100 
50 i.p. 24 100 
50 i.p. 48 100 
50 orally 48 75 

53 + I 
58 & 4 
48 + 5 
52 + 2 
56 i 7 
62 * 2 
93 rt 4 
72 * 6 
72 I_t 3 

6AC was suspended in c~boxymethylcel~uio~. 
Pento~rbital was administered intra~ritoneally at the dose of 25 mg/kg. 

> 0.05 
> 0.05 
> 0.05 
> 0.05 
< 0.05 
<O.Ol 
< 0.02 
<O.Ol 

It can be seen that 6AC in none of the reported experimental conditions reduces 
pentobarbital narcosis, while at the dose of 50 mg/kg injected either intraperitoneally 
or orally, 24 or 48 hr before pentobarbital, results in a significant increase in the 
duration of narcosis. 

Other data, not reported here in detail, show that EORTC 118 and EORTC 334 at a 
dose of 20 mg/kg i.p. given 24 hr before pentobarbital(25 mg/kg i.p.) do not change 
the sleeping time induced by this barbiturate either. 

5. E#ect of 6AC on the in vitro metabolism of p-nitroanisol and aniline 

Table 9 shows the results obtained in an in Gtro experiment, where the 9000 g 
liver fraction was incubated with two substrates p-nitroanisol and aniline which are 
commonly used for testing the activity of the liver microsomal enzymes. It can be 
seen that in 6AC pretreated rats there is practically no change in the production of the 
respective metabolites as compared to control animals. 

TILE 9. LIVER METABOLIC ACTIVITY (9000 g fraction) OF RATS PRETREATED WITH 6AC 

p-NO2 Anisol Aniline 
(mpM metabolized/30 min & SE.) 

Treatment per g liver per 100 mg proteins per g tiver per 100 mg proteins 

Controls 647.6 i: 17 316.4 rir: 12.1 980.9 rt. 59.8 479.3 + 31.3 
6AC 734.4 f 34.1 391.8 It: 19.9 1045.5 & 50.6 552.7 & 31.9 

6AC was dissolved in 70 % H20, 25 % dimethylsuphoxide and 5 % Tween 80 and administered 
intravenously at the dose of 20 mg/kg. 

3 PM of p-NO2 anisol and 5 FM of aniline were incubated at 37” with 600 mg liver (9000 g fraction) 
in the conditions described under methods. 

DISCUSSION 

The results of the present investigation confirm the finding of Buu-Hoi et aI. that 
6AC given 24 hr before zoxazolamine decreases the paralyzing activity of this com- 
pound. The effect is maximal when the time interval between 6AC and zoxazolamine 
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is 24 hr and it tends to decrease at longer intervals. The activity of 6AC is already 
evident at 5 mg/kg and it is proportional to the administered dose. The route of 
administration (intraperitoneal or intravenous) of the two drugs has no importance in 
the appearance of this effect. The pharmacological observations are justified by the 
levels of zoxazolamine in brain and plasma which at comparable times are con- 
siderably lower in 6AC pretreated rats than in control animals. Furthermore at the 
end of the paralysis the brain levels of zoxazolamine were similar in both groups 
suggesting that the sensitivity to zoxazolamine was not changed by 6AC pretreatment. 

The more rapid disappearance of brain and plasma zoxazolamine in 6AC pre- 
treated rats relative to controls is explained by the higher rate of metabolism of this 
agent when incubated with fortified 9000 g liver fraction of 6AC pretreated rats. This 
effect is present when the rate of metabolism is expressed per gram of liver or per 
100 mg of liver proteins. 

In contrast to these findings 6AC pretreatment does not reduce the duration of 
paralysis induced by carisoprodol, the sleeping time by pentobarbital, the convulsions 
or the toxicity by strychnine. In fact, at given schedules of treatment 6AC prolongs the 
sleeping time induced by pentobarbital. Furthermore in vitro 0-demethylation of 
p-nitroanisol or p-hydroxylation of aniline are not affected by 6AC. 

The results obtained are consistent with the hypothesis that 6AC resembles in its 
inducing activity for liver microsomal enzymes hydrocarbons more than phenobar- 
bital.*-lo Whether this effect of 6AC is linked to its chemotherapeutic action on 
mammary carcinoma and rhabdomyosarcoma1-3 remains to be established. 
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