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Abstract-The effects of methyl n-alkyl ketones and n-alkylbenzenes on hepatic cytochrome P45Os in 
vivo and in vitro were investigated. Male rats were treated with acetone, methyl ethyl ketone, methyl 
n-propyl ketone, methyl n-butyl ketone, benzene, toluene, ethylbenzene, n-propylbenzene, or n- 
butylbenzene. The methyl n-alkyl ketones induced the metabolic activities of hepatic microsomes 
toward aminopyrine, 7-ethoxycoumarin, and aniline. n-Alkylbenzenes induced aminopyrine and 7- 
ethoxycoumarin metabolic activities. Testosterone 2/3- and 6,%hydroxylation activities wer,e. induced by 
ketones with a long side chain such as methyl n-butyl ketone. Testosterone 2cu-hydroxylation activity 
was decreased by treatment with methyl n-butyl ketone. Testosterone 16/?-hydroxylation activity was 
induced by treatment with methyl n-alkyl ketones. The inducibility was dependent on the length of the 
side chain. Testosterone 16/3-hydroxylation activity also was induced by n-alkylbenzenes. These results 
indicate that the levels of multiple forms of cytochrome P450 were changed by treatment with these 
chemicals. P450IIE1, an acetone-inducible form, was induced by methyl n-alkyl ketones or n-alkyl- 
benzenes. The inducibility did not depend on the length of the side chain of these chemicals. P450IIBl 
and IIB2, both phenobarbital-inducible forms, were induced with methyl n-alkyl ketones and n- 
alkylbenzenes to an extent depending on the length of the side chain of these chemicals. Thus, the 
hydrophobicity of the inducer affected phenobarbital-type induction but not the induction of P450IIEl. 
We further investigated the interactions of ketone and benzene derivatives with cytochrome P450 in 
vitro. Testosterone hydroxylation activities of hepatic microsomes were measured in the presence 
of methyl n-alkyl ketones and n-alkylbenzenes. Methyl n-alkyl ketones inhibited testosterone 16/3- 
hydroxylation activity. n-Alkylbenzenes inhibited 28-, 68,15a-, 16a-, and 16/?-hydroxylation activities. 
Testosterone hydroxylation activities were inhibited by these chemicals depending on the length of the 
side chain. n-Alkylbenzenes were stronger inhibitors than methyl n-alkyl ketones, n-Butylbenzene was 
the strongest inhibitor of these activities. These results indicate that hydrophobicity was important in 
the interaction of these chemicals with cytochrome P450, and that there is some relationship between 
the inducibility of cytochrome P450 and its interaction with inducers. 

Administration of xenobiotics such as phenobarbital 
and 3-methylcholanthrene to animals induces 
individual cytochrome P45Os in hepatic microsomes. 
The induction of cytochrome P450 is a regulatory 
phenomenon of clinical and toxicological importance 
[l, 21. Phenobarbital and 3-methylcholanthrene are 
the inducers that have been studied the most [l, 21. 
The mechanism of induction by 3-methyl- 
cholanthrene and similar compounds involves their 
stereospecific binding to a cytosol protein and the 
nuclear uptake of inducer-protein complexes, that 
stimulate gene expression [3,4]. Such inducers are 
structurally related to each other. On the contrary, 
a large variety of compounds, without structural 
relatedness cause phenobarbital-like induction [5]. 
The lack of a discernible structure-activity relation- 
ship suggested that the induction mechanism 
of phenobarbital is different from that of 3- 
methylcholanthrene. The molecular mechanism by 
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which phenobarbital induces cytochrome P450 is not 
known. 

Very simple molecules (ethanol and acetone) 
induce some cytochrome P45Os, especially P450IIEl 
[6-81. Structurally diverse compounds such as 
pyrazole, imidazole, and benzene also induce this 
cytochrome P450 [!?-111. As in phenobarbital-type 
induction, structural requirements for the inducers 
of P450IIEl have not been identified. Sinclair et al. 
[12] report that the induction of cytochrome P450 
in culture hepatocytes by alcohols and 4-substituted 
pyrazoles depends on their hydrophobicity; the 
inducibility of cytochrome P450 increases as 
the hydrophobicity of these chemicals increases. 
However, which of the many isozymes of cytochrome 
P45Os are induced by these chemicals and how the 
hydrophobicity of these chemicals affects the levels 
of the cytochrome P45Os have not been clarified. In 
the present study we investigated the changes caused 
by methyl n-alkyl ketones and n-alkylbenzenes in 
the levels of eleven different forms of cytochrome 
P450 in rat hepatic microsomes. 

4-n-Alkyl-methylenedioxybenzenes have been 
studied extensively as inhibitors and inducers of 
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cytochrome P450 [13,14]. Treatment of animals with 
these chemicals results in the formation of 
metabolite-cytochrome P450 complexes and then in 
the induction of cytochrome P450 [13]. These 
chemicals induce some forms of cytochrome P450; 
which form of cytochrome P450 is induced depends 
on the length of the alkyl chain [14]. Inducibility 
seems to be related to the ability of these chemicals 
to form a complex with cytochrome P450 [ 131. Many 
ligands and inhibitors of cytochrome P450 are good 
inducers [15]. The inhibition of certain cytochrome 
P45Os in vivo may induce a specific cytochrome 
P450. Therefore, we also investigated the inhibition 
by ketone and benzene derivatives in testosterone 
hydroxylation of hepatic microsomes to clarify the 
relationship between the inducibility of cytochrome 
P450 by ketone and benzene derivatives and the 
binding capacity of these chemicals to cytochrome 
P450. 

MATERIALSANDMETHODS 

Chemicals. Testosterone was obtained from the 
Sigma Chemical Co. (St. Louis, MO). NADPH was 
obtained from the Oriental Yeast Co. (Tokyo, 
Japan). Acetone, methyl ethyl ketone (MEK*), 
methyl n-propyl ketone (MPK), methyl n-butyl 
ketone (MBK), benzene, toluene, ethylbenzene, n- 
propylbenzene (PrB), and n-butylbenzene (BuB) 
were obtained from the Kasei Kogyo Co. (Tokyo, 
Japan). Other reagents and organic solvents were 
obtained from Wako Pure Chemical Industries 
(Tokyo, Japan). 

Treatment of animals. Male Sprague-Dawley rats 
weighing 230-250g were obtained from Charles 
River (Tokyo, Japan). Acetone, MEK, MPK, MBK, 
benzene, toluene, ethylbenzene, PrB, and BuB 
(5 mmol/kg, dissolved in corn oil) were given 
intraperitoneally daily for 4 days. The dose of 
5 mmol/kg was chosen because a dose of more than 
5 mmol/kg MBK killed the rats. Control rats were 
given corn oil only. Hepatic microsomes were 
prepared as reported elsewhere [16]. 

Assay of the levels of cytochrome P450 isozymes. 
Antibody against purified cytochrome P450 was 
raised as described previously [17] in a female 
Japanese White rabbit obtained from Biotech (Saga, 
Japan). The characterization of antibodies against 
P450IIA1, IIA2, IIBl, IIB2, IIC6, IICll, IIC13, 
IIEl, IIIA2, and IVA3 was reported elsewhere [18]. 
P45OIIC7 (our name, P450 UT-lb) was newly 
purified by the same method [19] as that used in the 
purification of P450IIIA2 (our name, P450 PB-1). 
Briefly, hepatic microsomes of untreated male 
rats were fractionated with polyethylene glycol, 
chromatographed on an octylamino-Sepharose 
column, and put on HPLC with a DEAE-5PW 
column (Tosoh, Tokyo, Japan). A pass-through 
fraction from a DEAE-5PW column was put on 
HPLC with an ES-502CP column (CM-type, Asahi 
Chemicals, Tokyo, Japan), and the P450 UT-lb 
fraction was further purified by a KB-column 

* Abbreviations: MEK, methyl ethyl ketone; MPK, 
methyl n-propyl ketone; MBK, methyl n-butyl ketone; 
PrB, n-propylbenzene; and BuB, n-butylbenzene. 

(hydroxyapatite column, Koken, Tokyo, Japan). 
Anti-P450 UT-lb antibody was prepared as were 
the other antibodies described above [ 171. Anti-P450 
UT-lb antibody reacted with P45OIIC6, IICll, and 
IIC13 as well as with P450 UT-lb (P45OIIC7). 
Therefore, this antibody was purified by affinity 
chromatography with a Sepharose to which cyto- 
chrome P450 was bound as described previously 
[18]. Measurement of cytochrome P450 by immu- 
noblotting was reported elsewhere [17,18]. 

Metabolic activity. The activities of aminopyrine N- 
demethylation, 7-ethoxycoumarin 0-dealkylation, 
aniline hydroxylation, and testosterone hydroxy- 
lation were measured as described previously [16- 
191. 

RESULTS 

Changes in catalytic activity of hepatic microsomes 
of rats treated with methyl n-alkyl ketones. Male rats 
were treated with acetone, MEK, MPK, or MBK. 
The content of total cytochrome P450 and the 
catalytic activities of hepatic microsomes are shown 
in Table 1. The content of total cytochrome P450 
measured photometrically did not change much with 
treatment. However, the activities of aminopyrine 
N-demethylation, aniline hydroxylation, and 7- 
ethoxycoumarin 0-dealkylation were increased by 
treatment with methyl n-alkyl ketones. The increase 
in 7-ethoxycoumarin 0-dealkylation activity was 
dependent on side-chain length but those in 
aminopyrine and aniline oxidation activities were 
not. Changes in the testosterone hydroxylation 
activities of hepatic microsomes caused by the 
treatment with methyl n-alkyl ketones are shown in 
Table 1. Testosterone, 7e+, 15~u-, and 160!- 
hydroxylation activities did not change significantly. 
Testosterone 2@-. 68, and 16/.%hydroxylation 
activities were induced. Ketones having a long side 
chain were effective for induction of testosterone 
2/% and 6/3-hydroxylation activities. Testosterone 
16P-hydroxylation activity increased depending on 
the increase in the length of the side chain in methyl 
n-alkyl ketones. Testosterone 2&hydroxylation 
activity was decreased by treatment with MBK. 
These results show that treatment with ketones 
changed the population of cytochrome P450 isozymes 
in hepatic microsomes. 

Changes in the levels of cytochrome P450 in hepatic 
microsomes caused by treatment with methyl n-alkyl 
ketones. Eleven forms of cytochrome P45Os were 
assayed with immunoblotting (Table 1). The level 
of P45OIICl1, a typical male-specific form [21], was 
decreased by treatment with MBK, in parallel with 
a decrease in testosterone 2Lu-hydroxylation activity, 
which is catalyzed by P45OIICll [22]. P450IIA2 and 
IIC13 are also male-specific forms (23,241. The 
levels of these forms were not changed much by 
treatment with ketones. P45OIIC7 is present in the 
hepatic microsomes of rats of both sexes. It was not 
induced by ketones. P45OIIC6 and IIIA2 are major 
constitutive forms in male rats and are phenobarbital- 
inducible [25]. These forms were induced by the 
ketones. P450IIIA2 is a constitutive testosterone 68 
hydroxylase [19]. The increase in the level of this 
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Table 1. Changes in the catalytic activities and in the levels of cytochrome P45Os caused by treatment with methyl n- 
alkyl ketones 

Treatment Control Acetone MEK MPK MBK 

Total P450 0.65 2 0.05 0.67 2 0.11 0.67 t 0.08 0.74 2 0.10 0.70 + 0.05 
Aminopyrine 2.40 + 0.50 4.37 + 0.91* 4.14 2 0.70* 4.46 ? 0.92’ 4.37 ? 0.82* 
Aniline 0.283 + 0.044 0.382 ? 0.032* 0.347 2 0.036t 0.433 t 0.063* 0.421 ? 0.070* 
7-Ethoxycoumarin 3.62 + 0.54 3.76? 0.13 4.18 ? 0.53 5.78 +- 0.88’ 6.01 f 1.24* 
Testosterone 

;; 0.684 0.140 + ‘- 0.114 0.039 0.671 0.151 2 2 0.107 0.029 0.162 0.585 * f 0.114 0.033 0.221 0.624 ? f 0.062t 0.238 0.431 0.240 f +- 0.158t 0.056t 
68 0.952 t 0.197 0.959 f 0.176 1.052 + 0.232 1.508 f 0.363t 1.445 2 0.341t 
7a 0.056 f 0.006 0.065 f 0.012 0.064 -c 0.021 0.053 * 0.010 0.062 t 0.013 

15n 0.040 2 0.007 0.046 -+ 0.010 0.040 * 0.013 0.048 f 0.016 0.056 + 0.017 
16a 1.090 ? 0.203 1.070 t 0.225 1.092 * 0.130 1.166 + 0.364 1.067 5 0.347 
16/3 0.058 -+ 0.006 0.057 *\0.008 0.095, & p.023 0.180,* 0.041 0.250 * 0.106t 

1 1 
P450 form * * 

IIAl 7.0 -c 1.3 9.7 t 2.2t 8.8 -c 2.3 8.3 2 1.9 7.9 f 1.5 
IIA2 10.4 f 2.3 12.3 2 3.5 9.3 f 2.4 10.0 f 2.4 11.7 f 2.8 
IIBl co.5 0.9 * 0.4 5.7 2 2.7 28.7 f 5.2 44.3 

---- 
f 9.4 

* * * 
f 

IIB2 3.8 f 1.2 6.0 f 1.5 10.7? 1.8 21.5 ? 3.6 29.3 2 6.2 
--- 

t * * i 
IIC6 52.1 ? 17.7 67.9 ‘- 7.8 87.3 5 17.8t 85.3 ? 16.5t 93.4 f 16.9* 
IIC7 21.9 _’ 3.3 26.2 r 4.3 28.0 -+ 7.1 22.3 * 5.3 24.8 f 5.8 
IICll 457.0 f 52.6 469.6 ? 44.2 459.0 + 36.3 411.8 f 29.7 343.8 2 46.3t 
IIC13 171.4 + 35.8 171.7 ” 39.9 149.6 2 18.0 158.4 ? 19.5 159.7 ” 24.5 
IIEl 49.8 2 9.6 157.7 2 28.2* 92.7 * 15.0* 105.6 -+ 19.6* 102.6 + 14.8: 
IIIA2 87.9 2 13.8 103.0 f 20.0 107.0 2 17.2 151.1 + 23.3* 141.4 YX 28.7* 
IVA3 17.6 5 3.2 18.2 2 2.9 13.8 2 3.0 19.6 * 3.0 16.7 f 2.8 

The content of total cytochrome P450 was measured photometrically and is expressed as nanomoles per milligram of 
protein. Catalytic activities are expressed as nanomoles of product per minute per milligram of protein. The levels of 
individual cytochrome P45Os were measured by immunoblotting. The values are expressed as picomoles of cytochrome 
P450 per milligram of protein. Assays were done on five or six different preparations of microsomes. Values are 
expressed as means 2 SD. 2a; 2p, 6p, 7q 15n, 16a, and 168 indicate the hydroxylation sites of testosterone by hepatic 
microsomes. The designations given to the rat hepatic cytochrome P45Os described in this study can be related to the 
standardized gene designations by Nebert et al. [20]. Abbreviations: MEK, methyl ethyl ketone; MPK, methyl n-propyl 
ketone; and MBK, methyl n-butyl ketone. 

* Significantly different from control or group indicated in the table, P < 0.01. 
t Significantly different from control or group indicated in the table, P < 0.05. 

form explained the increase in testosterone 6/3- 
hydroxylation activity in the hepatic microsomes 
caused by the treatment with ketones. P4501IBl and 
IIB2 are typical phenobarbital-inducible forms. The 
level of P450IIBl in the hepatic microsomes of 
control rats was very low and P450IIB2 was detected 
at a slightly higher level. Both forms were strongly 
induced by ketones. These results reflected the 
increases in testosterone 16/3-hydroxylation and 
aminopyrine N-demethylation activities of hepatic 
microsomes caused by ketones [25], and suggested 
that methyl n-alkyl ketone was a phenobarbital-type 
inducer. The relationship of inducibility of P450IIBl 
and IIB2 to the hydrophobicity of methyl n-alkyl 
ketones is shown in Fig. 1. Inducibility of 
these forms became higher with the increase in 
hydrophobicity (partition coefficient between octanol 
and water) of ketone derivatives. Acetone induces 
P450IIEl. Other ketones also induced P450IIEl. 
Unlike P450IIBl and IIB2, the inducibility of 
P450IIEl by ketones was not dependent on the 
length of the side chain or hydrophobicity (Fig. 1). 
Diabetes as well as acetone induces P450IIEl [27]. 

Diabetes also strongly induces P450IVA3 [28], which 
was purified from the hepatic microsomes of diabetic 
rats and has high lauric acid hydroxylation activity 
[28,29]. The level of P450IVA3 was not changed 
by ketones. P450IIAl (testosterone 7a-hydroxylase 
[30]), which is abundant in hepatic microsomes of 
immature rats, was not induced much by ketones. 
P450IAl and IA2, typical 3-methylcholanthrene- 
inducible forms, were not induced by ketones (data 
not shown). 

Changes in catalytic activiw of hepctic microsomes 
of rats treated with n-alkylbenzenes. The content of 
total cytochrome P450 measured photometrically 
was not changed by treatment with n-alkylbenzenes 
(Table 2). The aminopyrine N-demethylation and 7- 
ethoxycoumarin 0-dealkylation activities of hepatic 
microsomes were induced with n-alkylbenzenes 
but n-alkylbenzenes did not increase aniline 
hydroxylation activity much (Table 2). Testosterone 
2/3- and 6#%hydroxylation activities were both induced 
by PrB and by BuB with a long side chain (Table 
2). Unlike induction by ketones, n-alkylbenzenes 
induced testosterone 7&-hydroxylation activity. 
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Fig. 1. Relationship of cytochrome P450 levels induced by methyl n-alkyl ketones to hydrophobic 
constant. P is a hydrophobic parameter measured as the partition coefficient between octanol and water 
[26]. Log P values for acetone, methyl ethyl ketone, methyl n-propyl ketone, and methyl n-butyl ketone 
are -0.24, 0.29, 0.91, and 1.38, respectively. The levels of cytochrome P450 are expressed as 

means * SD of five or six different preparations of microsomes. 

Testosterone 16@hydroxylation activity was strongly 
induced by n-alkylbenzenes. Testosterone 2~~ 15c+, 
and 16cu-hydroxylation activities were not increased 
by treatment with n-alkylbenzenes. 

Changes in the levels of cytochrome P450 by 
treatment with n-alkylbenzenes. The levels of 
cytochrome P45Os in hepatic microsomes of rats 
treated with n-alkylbenzenes are shown in Table 2. 
Except for BuB, the n-alkylbenzenes decreased the 
level of P45OIICll but did not decrease the level of 
P450IIA2 or IIC13. These forms are constitutive 
male-specific forms [23,24]. P450IIIA2 was induced 
depending on the length of the side chain of the n- 
alkylbenzene, reflecting the increase of testosterone 
2/I- and 6phydroxylation activities of hepatic 
microsomes [19]. P45OIIC6 was also induced by the 
n-alkylbenzenes other than benzene. Inducibility did 
not depend on the length of side chain of the n- 
alkylbenzene. As with methyl n-alkyl ketone, 
P450IIBl and IIB2 were strongly induced by the n- 
alkylbenzenes. Inducibility of these forms became 
higher with the increase in hydrophobicity of n- 
alkylbenzene (Fig. 2). However, the inducibility of 
testosterone 16@hydroxylation activity catalyzed by 
P450IIBl did not depend on the increase in the 
length of the side chain in the n-alkylbenzene. The 
reason for this discrepancy is not known. Some 
metabolites of n-alkylbenzene may bind to cyto- 
chrome P450IIBl and inhibit the testosterone 168 
hydroxylation activity [9]. Like the ketones, n- 
alkylbenzenes induced P450IIEl but did not induce 
P450IIAl and IVA3 much. P450IAl and IA2 were 
not induced by n-alkylbenzenes (data not shown). 

Inhibition of testosterone hydroxylation activity in 
hepatic microsomes by methyl n-alkyl ketones and n- 
alkylbenzenes. Usually inhibitors or ligands of 
cytochrome P450 such as metyrapone are good 
inducers of cytochrome P450. As described above, 
methyl n-alkyl ketones and n-alkylbenzenes were 

phenobarbital-type inducers and the inducibility was 
changed by the length of the side chain of these 
ketone and benzene derivatives. So, toinvestigate the 
relationship between the inducibility of cytochrome 
P450 and the interaction of these chemicals with 
cytochrome P450, the testosterone hydroxylation 
activities of hepatic microsomes of rats treated with 
phenobarbital were measured in the presence of a 
methyl n-alkyl ketone or n-alkylbenzene (Fig. 3). 
The testosterone 16B_hydroxylation activity of 
hepatic microsomes was inhibited efficiently by 
either kind of compound. n-Alkylbenzenes with a 
long side chain were especially effective inhibitors. 
The strength of inhibition depended on the length 
of the side chain in the ketone and benzene 
derivatives. Testosterone 16@-hydroxylation is cata- 
lyzed by P450IIBl. The inducibility of this form by 
benzene and ketone derivatives seems to correlate 
with inhibitory effect. Testosterone 6/l-hydroxylation 
activity (catalyzed by P450IIIA2) is also induced by 
phenobarbital. This activity was inhibited effectively 
by n-alkylbenzenes. Testosterone 7cu-hydroxylation 
activity (catalyzed by P45OIIA1[24]) and testosterone 
2cu-hydroxylation activity (catalyzed by P45OIICll) 
were inhibited weakly by ketone and benzene 
derivatives. However, testosterone 15cu-hydroxy- 
lation activity (catalyzed by P450IIA2 [24]) was 
inhibited strongly by n-alkylbenzene. The strength 
of the inhibition of testosterone hydroxylation 
activities by methyl n-alkyl ketones and n- 
alkylbenzenes was correlated with the length of the 
side chain in methyl n-alkyl ketones and n- 
alkylbenzenes (hydrophobicity of these chemicals). 

DISCUSSION 

Acetone is a typical inducer of P450IIEl. In this 
study, acetone induced P450IIEl more efficiently 
than the other inducers used. Other ketones and the 
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Fig. 2. Relationship of cytochrome P450 levels induced by n-alkylbenzenes to hydrophobic constant. 
P is a hydrophobic parameter measured as the partition coefficient between octanol and water [26]. 
Log P values for benzene, toluene, ethylbenzene, n-propylbenzene, and n-butylbenzene are 2.13,2.69, 
3.15, 3.68, and 4.26, respectively. The levels of cytochrome P450 are expressed as means f SD of five 

or six different preparations of microsomes. 

n-alkylbenzenes also induced P450IIE1, although 
the inducibility with benzene with the dose used in 
this study was low, and the level of P450IIEl in rats 
treated with benzene was not significantly different 
from that in control rats. The inducibility of P450IIEl 
was not dependent on the length of the side chain 
(hydrophobicity) in the ketone and benzene 
derivatives (Figs. 1 and 2). These chemicals also 
strongly induced P450IIBl and IIB2, and the 
inducibility was dependent on the hydrophobicity of 
the inducers (Figs. 1 and 2). As Sinclair et al. [12] 
noted, hydrophobicity is necessary for induction of 
these cytochrome P45Os. Song et al. [31] indicated 
that induction of P450IIEl by acetone involves 
activation of post-transcriptional levels, since induc- 
tion of the protein assayed immunochemically was 
not correlated to a proportional increase in the 
amount of the corresponding mRNA [31]. On the 
other hand, acetone treatment of rats increases the 
levels of P450IIBl and IIB2 proteins and also the 
level of the corresponding mRNA [8]. Our results 
and these reported findings indicate that the induction 
mechanism of P450IIEl by ketone and benzene 
derivatives is different from that of P450IIBl (IIB2). 
P450IIEl is induced by diabetes and starvation as 
well as by treatment with these chemicals [27]. The 
induction mechanism of P450IIEl by acetone is 
different from that by diabetes and starvation, which 
increase the amount of the corresponding mRNA of 
P450IIEl [8]. Diabetes and starvation induce 
P450IVA3 (lauric acid hydroxylase) [28,29]. 
However, ketone and benzene derivatives did not 
induce P450IVA3. The induction mechanisms of 
P450IIEl and IVA3 are different. 

Murray et al. [13] suggested that the formation of 
strongsubstrate-cytochromeP450complexesinduces 
the complexed cytochrome P450 isozyme by 
providing stabilization against degradation or by 

increasing the capacity of cytochrome P450 to 
compete for a limiting pool of free heme. FonnC and 
Meyer [32] suggested that substrate-binding to a 
specific cytochrome P450 could increase the 
concentration of endogenous substrates that would 
later directly or indirectly mediate the induction 
response. P450IIBl and IIB2 may be induced by 
ketone and benzene derivatives by these mechanisms. 
In fact, ketone and benzene derivatives that had 
long side chains efficiently induced P450IIBl and 
IIB2 and also strongly inhibited testosterone 16/I- 
hydroxylation activity, which is catalyzed by 
P450IIBl (IIB2) in hepatic microsomes. n-Alkyl- 
benzenes were more efficient inhibitors than methyl 
n-alkyl ketones and the n-alkylbenzenes were also 
more efficient inducers of P450IIBl and IIB2 than 
the latter. Strong hydrophobicity is necessary for 
induction and inhibition of these forms. 

In this study, we observed a discrepancy in the 
testosterone 16P-hydroxylation activity and the level 
of P450IIBl in hepatic microsomes of rats treated 
with n-alkylbenzenes but did not observe such a 
discrepancy with ketone derivatives. The levels of 
P450IIBl correlated with the testosterone 16/3- 
hydroxylation activity in rats treated with ketone 
derivatives. The binding capacity of benzene 
derivatives to cytochrome P450 became higher with 
the increase in their hydrophobicity to judge from 
results of an inhibition study (Fig. 3). The discrepancy 
between testosterone 16phydroxylation activity and 
the level of P450IIBl was large in benzene derivatives 
with a long side chain. Murray et al. [13] noted that 
treatment of rats with alkoxymethylenedioxy- 
benzenes, which have long side chains, produces the 
metabolite-cvtochrome P450 comulex 1131. Benzene i L L1 

is metabolized by cytochrome P450 to produce active 
radical species and binds to proteins [9]. These 
results suggested that a benzene metabolite and 
cytochrome P450 form complexes. 
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Fig. 3. Effects of methyl n-alkyl ketones and n-alkylbenzenes 
on the testosterone hydroxylation activity of hepatic 
microsomes. Methyl n-alkyl ketones and n-alkylbenzenes 
were added to a testosterone metabolic system constituted 
with hepatic microsomes (100 ng) of male rats treated with 
phenobarbital, testosterone (0.5 mM), and NADPH 
(0.2 mM). Open and closed circles indicate the addition of 
0.25 and 2.5 mM ketone and benzene derivatives, 
respectively. 2a, 28, 68, 7a, 15a, 16a, and 168 indicate 
the hydroxylation sites of testosterone by hepatic 
microsomes. Abbreviations: Cont, control; Ace, acetone, 
MEK, methyl ethyl ketone; MPK, methyl n-propyl ketone, 
MBK, methyl n-butyl ketone; Ben, benzene; Tol, toluene, 
EtB, ethylbenzene; PrB, n-propylbenzene; and BuB, n- 

butylbenzene. 

Details of the mechanisms which would account 
for the different effects of methyl n-alkyl ketones 
and n-alkylbenzenes on P450IIB1, IIB2, and IIEl 
remain to be elucidated, but it is clear that 
hydrophobicity is important for the induction of 
P450IIBl and IIB2and that the induction mechanisms 
of P450IIBl (IIB2) and IIEl by these chemicals are 
different. 
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