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CHATURVEDI, A. K. AND D. J. KUNTZ. Interaction between phencyclidine and its pyrolysis product, 
l-phenylcyclohexene. PHARMACOL BIOCHEM BEHAV 30(4) 1035-1043, 1988.--The interaction between phencyclidine 
(PCP) and its pyrolysis product, l-phenylcyclohexene (PC), at metabolic level was evaluated in Swiss male mice (21-24 g). 
PC (1.1, 2.2 and 4.4 mmol/kg/day for 4 days, IP, in corn oil) treatment to mice induced the in vitro metabolism (p <0.05) of 
amidopyrine (17%), aniline (12%), phenacetin (62-100%), pentobarbital (20-26%), PCP (25-80%) and benzo[a]pyrene (81- 
147%) in the 9000 g liver fraction and the hepatic microsomal contents of cytochrome P-450 (18--42%). The induction of the 
mixed function oxygenase (MFO) system was consistent with the decreases in the concentrations of IP administered 
pentobarbital (0.27 mmol/kg, in saline) and PCP (16.4, 32.8 and 65.6 ~mol/kg, in saline) in the serum, brain, liver and 
kidneys of PC pretreated mice. At 1 hr after the above doses of PC, the in vitro metabolism of amidopyrine, aniline, or 
phenacetin was not inhibited. However, the biotransformation of benzo[a]pyrene was inhibited by 33 to 45%. Though PC 
after a single dose did not alter the tissue concentrations of PCP, it increased the pentobarbital concentrations in the tissues 
studied (/9<0.05). These results indicate that PC has a potential to induce the MFO system after the 4-day treatment. This 
property of PC plays an important role in the reduction of the action of PCP by enhancing its metabolism, thereby 
decreasing its tissue levels. 
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P H E N C Y C L I D I N E  (PCP), a psychotomimetic drug of 
abuse [3,42], is commonly taken by smoking [23,31]. During 
this process, about 50% of PCP pyrolyzes into 1- 
phenylcyclohexene (PC) and piperidine [20]. PCP is primar- 
ily metabolized by the hydroxylation of the cyclohexane and 
piperidine rings followed by conjugation [15]. The metabo- 
lites of PCP are considered less active pharmacologi- 
cally/toxicologically than the parent compound [9, 18, 25, 
40]. It appears that the cytochrome P-450 system is involved 
in the biotransformation of PCP [9,27]. Though PC is consid- 
erably less behaviourally active in producing motor impair- 
ment and has a higher LDs0 than PCP in mice [24,26], it has a 
potential to produce chronic toxicity. The irreversible bind- 
ing of  [14C]-PC metabolites to tissue protein in rats [7] and 
the allylic oxidation involving the cyclohexene double bond 
of the PC molecule in humans [14,15] have been docu- 
mented. 

In both first time and chronic smokers, the possibility for 
the interaction between PCP and PC exists. The disposition of 
PC following the inhalation of  smoke by mice [35] and hu- 
mans [14,15] from PCP-loaded cigarettes has been studied. 
Epidemiological studies have indicated months or years of 
regular daily use in chronic smokers [3, 6, 31]. Thus, the 
toxicity resulting from repeated exposure to large amounts of 
PC and interaction with PCP in chronic situations remains a 
cause for concern. PC increases the liver/body weight ratio, 
decreases the pentobarbital-induced sleep and causes the 
proliferation, along with the dilatation and fragmentation, of 
the endoplasmic reticulum in the liver of mice [26]. PC after a 
single or 4-day treatment significantly lowers the PCP- (16.4 
~mol/kg, IP) stimulated locomotion [26]. The mechanism 
by which PC exerts its effects has not been established. 
Therefore, the interaction between PCP and PC at metabolic 
level was evaluated by observing the effects of  PC after 
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single and 4-day exposures on the mixed function oxygenase 
(MFO) system and on the tissue concentrations of pen- 
tobarbital and PCP in mice. 

METHOD 

Materials 

Phencyclidine (PCP) hydrochloride was supplied by the 
National Institute on Drug Abuse, Rockville, MD. 
1-Phenylcyclohexene (PC) was obtained from Aldrich Chem- 
ical Co., Inc., Milwaukee, WI. Sodium phenobarbital (PB), 
pentobarbital, 2-diethylaminoethyl 2,2-diphenylvalerate hy- 
drochloride (SKF-525A), glutethimide and meperidine-HC1 
were gifts of Merck & Co., Inc., Rahway, NJ, Abbott Lab- 
oratories, North Chicago, IL, Smith Kline & French Labs., 
Philadelphia, PA, USV Laboratories, Inc., Manati, PR and 
Wyeth Laboratories, Philadelphia, PA, respectively. Corn 
oil (Mazola '~":', Best Foods, Englewood Cliffs, N J) was pur- 
chased locally. Other chemicals of analytical grade were 
purchased from commercial sources. 

Solutions of chemicals were prepared in deionized water. 
Fresh drug solutions for animal injection were prepared in 
physiological saline before use, unless otherwise stated. PC 
and 3-methylcholantherene (MC) were dissolved, while PB 
was suspended in corn oil. Animals in the control and exper- 
imental groups were administered equivalent amounts of the 
vehicle. 

Animals 

Swiss-Webster male mice (21-24 g), purchased from Har- 
lan Sprague Dawley, Inc., Indianapolis, IN, were housed in 
plastic cages of 29.2× 19× 12.7 cm dimensions, in groups of 
5, in a centralized animal care facility. Softwood shavings 
were used as bedding in the cages. The facility, maintained at 
24 to 25°C with the relative humidity of 40 to 60%, was kept 
in a 12-hr light (7 a.m. to 7 p.m.)/dark (7 p.m. to 7 a.m.) cycle 
with fluorescent lights. Animals were allowed mouse chow 
and tap water ad lib. 

ILvperimental Design 

Experiments were designed to evaluate the effects of PC 
after a single, as well as 4-day, exposure. For acute experi- 
ments ,  animals in 4 groups, each consisting of 4 mice, were 
treated IP with corn oil (10 ml/kg) or with 1.I, 2.2, or 4.4 
mmol/kg of PC in corn oil. These doses correspond to 1/20, 
1/10 and 1/5 of the LDs0 of PC in mice [26]. One hr after the 
treatment, animals were killed using diethyl ether to remove 
the liver for the in vitro microsomal drug metabolizing 
enzyme assays. It had been established that the PC accumu- 
lation in various organs in rats peaked within 1 hr following 
its IP administration [7]. The influence of PC, at the above 
doses, on the tissue concentration of pentobarbital or PCP 
was studied by the IP injection of pentobarbital (0.27 
mmol/kg) or PCP (16.4, 32.8, or 65.6/zmol/kg), in saline, at I 
hr after the PC or corn oil administration to mice in 16 groups 
each consisting of 10 animals. Four groups of animals were 
utilized for the pentobarbital study, while the remaining 
groups of mice were used in the PCP experiments. 

For 4-day experiments,  animals were divided into 4 
groups, each comprising 4 mice. Animals of each group were 
challenged IP with 1. I, 2.2, or 4.4 mmol/kg of PC in corn oil or 
with corn oil (10 ml/kg) daily for 4 days. Twenty-four hr after 
the last injection, mice were killed to obtain the liver samples 
for the in vitro microsomal enzyme assays. It appeared that 

the daily PC treatment for 4 days would provide a sufficient 
time for the de novo protein synthesis of the MFO system 
[26]. In the in vivo study, animals were also injected daily for 
4 days, IP, the doses of vehicle, PC, PB (0.3 mmol/kg) and 
SKF-525A. For SKF-525A administration, animals received 
only the vehicle (10 ml/kg) daily for 4 days, and twenty-four 
hr after the last corn oil administration, mice were treated IP 
with 0.10 mmol/kg of SKF-525A in saline. Twenty-four hr 
after the last treatment or 1 hr following the SKF-525A ad- 
ministration, animals were challenged with pentobarbital or 
PCP. Animals were divided into 24 groups. Each of the 
groups contained 10 mice. Six groups of mice were used in 
the pentobarbital experiment, while the remaining groups of 
animals were utilized for the PCP treatments. 

The pentobarbital-challenged animals were killed using 
diethyl ether to collect the brain, liver, kidney and blood 
samples at 45 rain postinjection, while the PCP-treated 
animals were killed at 30 rain following its administration. 
Blood samples from animals of the same group were pooled 
into one group to obtain sufficient amounts of serum tbr the 
quantitative analysis of pentobarbital or PCP, while brain, 
liver, or kidney samples of the same group were divided into 
three pools. Samples were frozen at -70°C until analyzed. 

At the 0.27 mmol/kg dose of pentobarbital, the average 
sleep time in the control mice was 47.0_+4.0 min (n=17). 
Based on this, it was determined that the 45-min termination 
time would be appropriate to study the effects of PC on the 
tissue concentrations of pentobarbital [11]. The 30-min ter- 
mination time for animals treated with PCP was consistent 
with the disposition of :~H-PCP in mice, where the peak tis- 
sue concentration of the radioactivity occurred at about 
15-30 rain after the IP administration of PCP [33]. The 16.4 
/~mol/kg dose of PCP had been determined to produce 
locomotion in mice with the effect lasting 60 min [10,13]. The 
32.8 and 65.6/zmol/kg doses of PCP were able to produce 
other neurobehavioural effects, e.g., circular movements, 
side-to-side head movements, convulsions, etc., during a 
period of 30 min [101. Furthermore, the concentrations of 
PCP, which were not detectable in the 1 ml of 21Y~A, brain 
homogenate at the lower PCP doses, were easily determined 
at the higher PCP dose by a gas-liquid chromatographic 
method. 

Assays ~ f  Hepatic Microsomal Enzymes 

The activities of amidopyrine N-demethylase [1,2], 
aniline hydroxylase [28], phenacetin O-dealkylase [22,29] 
and benzo[a ]pyrene hydroxylase [ 17,29] in the hepatic 9000 g 
supernatant fractions were determined by the methods re- 
ported earlier. 

In Vitro Hepatic Metabolism o f  Pentobarbital or PCP 

The in vitro metabolism of pentobarbital or PCP was in- 
vestigated in the hepatic 9000 g supernatant fractions pre- 
pared from mice (3 per group) treated IP daily for 4 days with 
corn oil (10 ml/kg) or PC (1.1, 2.2, or 4.4 mmol/kg, in corn 
oil). Twenty-four hr after the last injection, animals were 
killed and the 9000 g liver fractions were obtained. The com- 
ponents of the metabolic reaction mixture and the conditions 
for the assay were the same as in the metabolism of amido- 
pyrine, aniline, or phenacetin, except the volume of the 
solution of each component of the reaction mixture was 
doubled to compensate the final volume of the reaction mix- 
ture to 6.0 ml, instead of 3.0 ml [1, 2, 22, 28, 29]. After 
preincubating the reaction mixture for 5 min, the metabolism 
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TABLE 1 
ACUTE EFFECTS OF PC ON HEPATIC MICROSOMAL ENZYMES 

PC (mmol/kg, IP) 
Control 

Enzyme a (Corn oil) 1.1 2.2 4.4 

Amidopyrine 67.2 ± 1.7 64.7 ± 6.4 67.1 ± 2.4 80.9 _+ 0.86t 
N-Demethylase ~' 

Aniline 8.5 ± 0.2 8.3 ± 0.7 7.6 ± 0.4 9.0 _+ 0.3 
Hydroxylase ~ 

Phenacetin 2.4 _+ 0.2 2.5 _+ 0.1 2.8 ± 0.2 3.2 ± 0.3 
O-Dealkylase 'j 

Benzo[a]pyrene 18.5 ± 0.9 12.4 _+ 0.9* 10.8 ± 0.8~ 10.1 _+ 0.6t 
Hydroxylase ~' 

aAssay procedures are described in the text. Each of the values is the mean ± S.E. of 
the separate enzyme preparations obtained from 4 mice. Experiments were conducted in 
duplicate. 

hnmol of HCHO formed/mg protein/30 min. 
"nmol of p-aminophenol formed/mg protein/30 min. 
'~nmol of acetaminophen formed/mg protein/30 min. 
"A in fluorescence/mg protein/15 min. 
*p<0.01 different from the control; tp<0.001 different from the control. 

was initiated by the simultaneous additions of nicotinamide 
adenine dinucleotide phosphate (NADP) and pentobarbital 
(530 nmol) or PCP (493 nmol). The disappearance of pen- 
tobarbital or PCP from the reaction mixture as a function of 
incubation time was determined by gas-liquid chromatog- 
raphy using a flame-ionization detector. A 750/xl aliquot of 
the reaction mixture taken out at 5, 30, 60, or 120 min inter- 
val for pentobarbital or at 5, 15, 30, or 45 min interval for 
PCP was quickly transferred to a 5 ml centrifuge tube which 
was placed in a boiling water bath for 2 min to stop the 
reaction. After cooling the aliquot at room temperature, it 
was centrifuged in a clinical centrifuge for 5 to 10 min at 
maximum speed, and 500/xl of the supernatant was trans- 
ferred to another 5 ml centrifuge tube. To that, 100/zl of 
CHC13 containing the internal standard, glutethimide (50 
mg/l), was added. After vortexing the mixture for 30 sec, it 
was centrifuged and 2 to 3 p.1 of the organic layer was in- 
jected onto a gas-liquid chromatograph. For the analysis of 
PCP, 100 p~l of 1 N NaOH was added to the 500/zl superna- 
tant prior to the CHCI:~ extraction. 

A Packard Model 417 Becker gas chromatograph (Dow- 
ners Grove, IL) equipped with a silanized glass column (1.83 
m × 2 mm i.d., packed with 3% OV-17 by weight on 100-120 
mesh Chromosorb W-HP, Applied Science, Deerfield, IL) 
and a Hewlett-Packard 3390 A integrator (Avondale, PA) 
were used in the analysis. The flows of carrier gas (N2), com- 
pressed air and H2 were 33,300 and 30 ml/min, respectively. 
The injector port, column and detector temperatures for the 
pentobarbital determinations were 250, 190 and 300°C, while 
they were correspondingly 195, 190 and 300°C for the PCP 
analysis. The injector port and oven temperature during PCP 
determinations were kept below 200°C to minimize the ther- 
mal conversion of PCP to PC [19]. The retention times for 
pentobarbital, PCP and the internal standard (glutethimide) at 
190°C oven temperature were correspondingly 2.9, 4.2 and 
5.5 min. The other common components and products pres- 
ent in the metabolic reaction mixture did not appear to inter- 
fere with the above retention times. 

The standard curves using concentrations of 2.5, 5, 10 and 

20 mg/1 of pentobarbital or PCP in the metabolic reaction 
mixture containing the boiled 9000 g liver superuatant were 
obtained on every day of analysis. Plots of peak area ratio of 
pentobarbital/glutethimide vs. pentobarbital (mg/1) and 
PCP/glutethimide vs. PCP (mg/1) were determined to be 
linear in the above concentration range. The value for coef- 
ficient of variation for pentobarbital analysis was 3%, while it 
was 13% for PCP. A level of as low as 1.5 mg/l of pentobarbi- 
tal or PCP could be easily determined from the plots. 

Cytochrome P-450 Assay Procedure 

Twenty-four hr after the last injection, mice in 6 groups, 
each consisting of 3 animals, treated IP daily for 4 days with 
corn oil (10 ml/kg), PC (1.1, 2.2, or 4.4 mmol/kg), PB (0.30 
mmol/kg), or MC (0.26 mmol/kg), were killed using diethyl 
ether to obtain the liver samples. Hepatic microsomes were 
obtained, and the cytochrome P-450 activity in the microso- 
mal suspensions was determined by its dithionite difference 
spectrum as described by Omura and Sato [41], using an 
extinction coefficient (AOD 450-490) of 91.1 mM- l.cm-' .  

Determination of Pentobarbital in Tissues 

A modification of the method of Chaturvedi and Rao [11] 
was used for the analysis of pentobarbital in tissues. The 
tissues, except serum, were mixed with ice-cold deionized 
water in a ratio of 1:4 (w/v), homogenized in a Polytron FF 
10/35 homogenizer (Brinkman Instruments, Westbury, NY) 
at a submaximal speed for 20 sec and centrifuged in a clinical 
centrifuge at maximum speed for 10 min. The tissue 
homogenate supernatants and serum samples were analyzed 
along with the appropriate standards to determine pen- 
tobarbital concentrations. The chromatrographic operating 
parameters were the same as described in the In Vitro Hepa- 
tic Metabolism of Pentobarbital section. The plot of 
the peak area ratio of pentobarbital/internal standard vs. 
pentobarbital (mg/1) for each tissue homogenate supernatant 
or serum was obtained on every day of analysis, and each of 
them was found to be linear in the range of 2.5 to 20 mg/l. 
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T A B L E  2 

EFFECTS OF 4-DAY PC PRETREATMENT ON HEPATIC MICROSOMAL ENZYMES 

PC (mmol/kg, IP) 
Control 

Enzyme ~' (Corn oil) 1. I 2.2 4.4 

Amidopyrine 67.6 + 1.5 63.2 _+ 1.7 70.5 _+ 2.1 79.1 _+ 3.7* 
N-Demethylase" 

Aniline 8.3 _+ 0.3 7.9 + 0.1 7.7 + 0.4 9.3 + 0.1" 
Hydroxylase ' 

Phenacetin 2.6 -~ 0.1 2.7 + 0.1 4.2 + 0.6* 5.2 + 0.2t 
O-Dealkylase '~ 

Benzo[alpyrene 13.3 _+ 1.2 16.9 + I.I 24.1 + 1.It 32.9 _+ 1.9t 
Hydroxylase ~' 

"Every value is the mean _+ S.E. of the separate enzyme preparations obtained from 4 
mice. Enzyme assays were conducted in duplicate. Details of the procedures of these 
assays are given in the text. 

%mol of HCHO formed/mg protein/30 rain. 
'nmol of p-aminophenol formed/mg protein/30 min. 
%mol of acetaminophen formed/rag protein/30 rain. 
~~ in fluorescence/mg proteirgl5 min. 
*p<0.05 vs. controls: tp<0.001 different from the controls. 

The lower  detect ion limit for pentobarbi tal  was about  1.5 
mg/1. The  coeff icient  o f  variat ion was <15%. 

P('P Determination in 77ssues 

A method,  similar to repor ted  previously  [5], for the de- 
terminat ion of  PCP in various t issue homogenates  or  serum 
was deve loped  by gas-liquid chromatography  using a 
n i t rogen-phosphorus  detector .  The tissue homogenate  
supernatants  were  prepared in ice-cold water  as descr ibed in 
the previous  section. Standard curves  for each of  the tissue 
homogena te  supernatants  and serum were obtained by spik- 
ing drug free mice tissue homogenates  or  serum with a stock 
PCP solution to achieve  the PCP concent ra t ions  of  0.2, 0.4, 
0.8, 1, 2 and 4 mg/1. A set o f  new respect ive  standards was 
analyzed every  day. 

To 1 ml of  tissue homogenate  supernatant ,  serum, stand- 
ard, or  blank in a 15 ml screw cap centrifuge tube, 100/,l  of  
25 mg/l aqueous  solution of  meperidine (internal standard) 
and 100 /,1 o f  40% N a O H  were added. The mixture  was 
ext rac ted  with 5 ml of  diethyl e ther  by vor texing  for 30 sec. It 
was then centr i fuged in a clinical centrifuge for 5 min, and 
the organic layer was comple te ly  transferred to another  15 
ml centrifuge tube containing 1 ml of  I N H.eSO4. Af ter  vor- 
texing the mixture  for 30 sec and centr ifugation,  the organic 
layer was r emoved  by aspiration. The aqueous  layer was 
basified by the addition of  200/,1 of  40% N a O H  and brought  
to room tempera ture  prior  to the addition of  50/,1 o f  CHCla. 
The mixture  was then vor texed  and centrifuged,  and 2 to 5 ~l 
of  organic layer was injected onto a gas-liquid chromatograph.  

A Hewle t t -Packard ,  Model  5880A, gas chromatograph  
and a Hewle t t -Packard  5880A gas chromatograph terminal 
were  used in the analysis. The operat ing parameters  were as 
follows: 

Column: 1.83 m x 4 mm i.d. silanized glass column, 
packed with 3% OV-17 by weight on 80-100 
mesh Gas-Chrom O. 

Gas flow: Carrier gas (helium): 50 ml/min. 
Hydrogen: 3 ml/min. 
Compressed air: 70 ml/min. 

Injector port and column temperature: 195°C. 
Detector temperature: 290°C. 

Plots of  peak area ratio of  PCP/meperidine vs. PCP (mg/l) 
for each tissue homogenate  or  serum were found to be linear 
in range of  0.2 to 4 mg/l. This method  could detect  as little as 
0.1 mg/l of  PCP. The coeff icient  of  variat ion for the analysis 
in the various tissues was < 15%. The retent ion t ime for PCP 
was 6.0 min, while for meperidine it was 4.0 rain. The ex- 
tracts of  tissue homogenates  and serum did not exhibit  peaks 
which interfered with the retention t imes of  PCP and 
meperidine.  

Protein Determination 

Protein concent ra t ions  in the hepatic 9000 g supernatants  
and microsomal  fractions were  measured  as descr ibed by 
Lowry  et al. [32]. Bovine serum albumin was used as a 
standard.  

Statistical Analysis 

Values are presented as mean_+S.E, of  min imum of  3 de- 
terminations.  Significance of  differences be tween  means  of  
all observat ions  was checked  by S tudent ' s  t- test  [21]. A 
difference be tween 2 means  was considered significant with 
p<0 .05 .  Correlat ion coefficient ,  slope and Y-intercept  of  a 
straight line were  calculated by linear regression analysis. 

RESULTS 

Effects q/ 'PC on Hepatic Microsomal Enzymes 

PC after the single exposure  did not inhibit the activit ies 
of  amidopyr ine  N-demethy lase ,  aniline hydroxylase  and 
phenacet in  O-dealkylase.  H o w e v e r ,  it was able to inhibit the 
biot ransformat ion of  benzo[a]pyrene  by aromat ic  hydrocar-  
bon hydroxylase  (AHH)  in a dose dependent  fashion (Table 
1). The inhibition of  the enzyme  act ivi ty in compar i son  to the 
control  was,  respect ively ,  33, 42 and 45% at the 1.1, 2.2 and 
4.4 mmol/kg PC doses  (p<0.05).  
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FIG. 1. Effects of the 4-day PC (1.1, 2.2, or4.4 mmol/kg), PB (0.30 
mmol/kg), or MC (0.26 mmol/kg) pretreatment on the hepatic micro- 
somal cytochrome P-450 contents in mice. The control group mice 
were given corn oil (10 ml/kg). Each bar represents the mean_+S.E. 
(n=3). A significant change, p<0.05, in the cytochrome P-450 con- 
tents than the control is designated by *, while at p<0.01 it is by **. 
The p value for the difference in the mean cytochrome P-450 con- 
tents between the control group and 2.2 mmol/kg PC group was in 
the range of 0.1 to 0.05. 
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FIG. 3. In vitro disappearance of PCP from the mouse 9000 g liver 
fractions as a function of time. Each of the points is the mean-+S.E. 
of the observations from 3 animals pretreated with corn oil (control; 
10 ml/kg) or PC (1.1, 2.2, or 4.4 mmol/kg) daily for 4 days. The 
difference between 2 means atp values less than 0.05, 0.01 and 0.001 
are depicted by *, ** and ***, respectively. 

Contrary to this, the 4-day PC treatment induced the in 
vitro metabolism of aniline, phenacetin and benzo[a]pyrene 
(Table 2). The enhancements were the most prominent at the 
higher dose of PC (4.4 mmol/kg), where the activities of  aniline 
hydroxylase, phenacetin O-dealkylase and benzo[a]pyrene 
hydroxylase, in relation to the control, increased by 12,100 and 
147%, respectively (p<0.05). The statistically significant in- 
crease (17%) seen in the amidopyrine N-demethylase activity at 
the 4.4 mmol/kg dose of PC does not necessarily represent an 
induction of the enzyme as a similar percentage increase was 
noted in the acute experiment (Table 1). 
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FIG. 2. In vitro metabolism of pentobarbital by the mouse 9000 g 
liver fractions obtained from 4 groups of animals, 3 in each group, 
pretreated with corn oil (10 ml/kg), or with PC (1.1, 2.2, or 4.4 
mmol/kg, in corn oil) daily for 4 days. As described in the text, the 
pentobarbital metabolism was studied by its disappearance from the 
metabolic reaction mixture. Each of the points is the mean_+S.E, of 
the observations from 3 animals. A significant difference (p<0.05) at 
a particular time point from the control is denoted by *. 

Influence of  4-Day PC Treatment on Cytochrome P-450 

PC, at doses ranging from 1.1 to 4.4 mmol/kg, was tested 
for its ability to induce the hepatic microsomal cytochrome 
P-450 contents (Fig. 1). Though PC was not effective at 1.1 
mmol/kg, it was able to induce the cytochrome P-450 system 
at the higher doses. This was reflected by 18 (p=0.1-0.05) 
and 42% (p<0.01) increases in the cytochrome P-450 contents 
at the 2.2 and 4.4 mmol/kg doses of PC, respectively (n=3). 
Under the identical experimental conditions, MC and PB 
pretreatments correspondingly increased the cytochrome 
P-450 contents by 76 and 85%. 

In Vitro Metabolism of Pentobarbital and PCP 

Effect of  the 4-day PC treatment on the metabolism of 
pentobarbital and PCP by the mouse 9000 g liver fraction was 
studied. The disappearances of these substrates from the in- 
cubation medium as a function of time are depicted in Figs. 2 
and 3. 

Five min after the initiation of the metabolism, 16.5 nmol 
of pentobarbital/mg protein were present in the control incu- 
bation medium. During the following 115 rain, there was a 
decrement of 4 nmol of pentobarbital/mg protein in the con- 
trol group, while in the treated groups, decreases of 3.4 nmol 
with 1.1 mmol/kg PC, 4.5 nmol with 2.2 mmol/kg PC and 5.2 
nmol with 4.4 mmol/kg PC were observed. This was in 
agreement with the statistically significant increases noted in 
the metabolism of pentobarbital of 20% at 60 rain and 26% at 
120 rain with respect to the corresponding control points in 
the 4.4 mmol/kg PC group. 

As is evident from Fig. 3, PC enhanced the metabolism of 
PCP in a dose-related manner as a function of time. Though 
such an increase was not seen at the lower dose of PC, it was 
clearly visible with the higher doses of PC. With the 2.2 
mmol/kg PC group, the increases in the metabolism with 
respect to the control at 5, 15, 30 and 45 min were corre- 
spondingly 17, 26, 44 and 52%, while these increases were 
25, 53, 71 and 80% with the 4.4 mmol/kg PC dose. During the 
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T A B L E  3 

INFLUENCE OF PC ON T1SSUE CONCENTRATIONS OF PENTOBARBITAL IN MICE 

Pentobarbital (nmol/ml or g)~' 

Pretreatment Serum Brain Liver Kidney 

Single Exposure 

Control 63.2 ± 0.3 121.7 ± 2.1 234.1 ± 22.5 183.2 ± 9.6 
PC (mmol/kg) 

1.1 83.0 ± 0.95 144.7 ± 4.5~ 320,3 ± 23.4* 225.7 ± 4.1+ 
2.2 78.0 ± 2.0 + 144.3 ± 5.0? 310.8 + 11.3" 227.1 ± 5.61- 
4.4 83.2 + 0.% 178.3 ± 4.65 434.1 ± 43.6- 262.7 ± 6.7+ 

4-Day Exposure 

Control 35.1 ± 2.2 97.1 + 2.7 238,3 ± 13.0 162.6 + 10.1 
PC (mmol/kg) 

1.1 43.3 ± 3.1 110.8 ~ 4.4+ 244.2 ± 11.4 164.5 ± 4.2 
2.2 41.9 ± 3.6 93.4 ± 2.9 208.4 ± 6.3 143.3 ± 4.9 
4.4 27.3 ± 2.5* 83.0 ± 3.0t 182.8 + 7.1+ 118.5 ± 2.25 

PB" 2.9 + 1.05 ND' 26.3 ± 11.3~: ND 
SKF-525A" 71.3 ± 5.8~ 186.4 ± 8.8:~ 445.0_+ 22.15 267.3 ± 9.25 

"Details of the experimental design and the analysis in various tissues are described in the 
text. Blood samples from the animals of the same group were pooled into one group to obtain 
sufficient amount of serum for the analysis, while each of the other tissues of the same group 
were divided into 3 pools. Serum was analyzed for a minimum of 3 determinations in 
duplicate. Similarly. each of the three pools of brain, liver, or kidney was analyzed at least 
once in duplicate. Values are means ± S,E. 

"0.30 mmol/kg daily for 4 days. 
'Not  detected in the I ml of 20c5 homogenate. 
'~Animals were pretreated with corn oil ( 10 ml/kg) daily for 4 days. Twenty-fl.)ur hr after the 

last injection, they were challenged with the 0.10 mmol/kg dose of SKF-525A. 
*Significantly different IYom control values, p<0.05: -significantly different from control 

values, p<0.01: Ssignificantly different flom control values, p<0.001. 

40-min per iod,  i .e. ,  b e t w e e n  the  5 and  45 min incuba t ion  
t ime,  7.2 nmol  o f  PCP/mg pro te in  were  me tabo l i zed  in the 
cont ro l  and  6.5, 8.8 and  9.7 nmol  of  PCP/mg pro te in  were  
b io t r ans fo rmed  in the  1.1, 2.2 and  4.4 mmol /kg  PC groups ,  
r espec t ive ly .  

four  t i ssues ,  while they were  s ignif icant ly h igher  in the 
SKF-525A pre t rea ted  group.  Depend ing  upon  the t issue,  the 
dec rease  ranged  f rom 89 to 100% in the  PB group ,  and  the  
increase  ranged  from 64 to 104% in the  SKF-525A group.  

Influen('e of  PC on Tissue Levels o1' Pentobarbital 

Single exposu re s  of  mice  to PC, ranging  f rom 1.1 to 4.4 
mmol /kg ,  inc reased  the c o n c e n t r a t i o n s  of  pen toba rb i t a l  in all 
the  t i s sues  ana lyzed  (Table  3). In re la t ion to the  cont ro l  
group,  the  inc reases  in the  pen toba rb i t a l  c o n c e n t r a t i o n s  in 
the 4.4 r e too l /kg  PC group were  32% in the  se rum,  47% in the  
bra in ,  85% in the  l iver  and  43% in the  k idneys ,  w h e r e a s  these  
inc reases  in var ious  t i s sues  r anged  f rom 19 to 37% in the 
lower  PC dose  groups .  

In con t r a s t  to the  single exposure ,  PC (4.4 mmo[ /kg /day  
for  4 days)  lowered  the  p e n t o b a r b i t a l  c o n c e n t r a t i o n s  wi th  
s ta t is t ical  s ignif icance in the  s e rum (22%), bra in  (15%), l iver  
(23%) and  k idneys  (27%). At  the  lower  doses  of  PC, the  
dec rea se  was  not  s ignif icant ly  ev iden t .  H o w e v e r ,  an in- 
c rease  of  14% (p<0 .01)  in the  b ra in  pen toba rb i t a l  concen t r a -  
t ion was  no ted  wi th  the  1.1 mmol /kg  PC group.  T he  PB pre-  
t r e a t m e n t  lowered  the pen toba rb i t a l  c o n c e n t r a t i o n s  in the  

L~}'~'('ts of  PC (m 7?ssue ('on('entration o[PCP 

Tissue  c o n c e n t r a t i o n s  of  PCP af ter  the single and  4-day 
PC p r e t r e a t m e n t s  in mice are g iven  in Tab le s  4 and 5. 
T h o u g h  PCP could not  be  de tec ted  in 1 ml of  the  brain  
h o m o g e n a t e  by the ana ly t ica l  t e c h n i q u e  uti l ized at  its 16.4 or  
32.8 p, mol/kg IP  dose ,  it was  easily de tec ted  at  a h igher  dose  
(65.6 ~mol /kg) ,  The  c o n c e n t r a t i o n s  of  PCP in t i ssues  in- 
c r eased  p ropor t iona l ly  to its dose .  PC af te r  a single dose  did 
not  s ignif icant ly  a l ter  the  c o n c e n t r a t i o n s  of  PCP  in the  
se rum,  bra in ,  l iver and  k idneys .  H o w e v e r ,  the  mult iple  PC 
t r e a t m e n t s  lowered  the  PCP  c o n c e n t r a t i o n s  in those  t issues.  
Such  a dec rea se  was more  dis t inct  at  the  h igher  doses  of  
PCP, W h e n  PC (2.2 and  4.4 mmol /kg)  p r e t r ea t ed  an imals  
were  cha l lenged  with P C P  (32.8 #mol /kg) ,  a s ta t is t ical ly  sig- 
n i f icant  r educ t ion  in the  P C P  levels ,  ranging  f rom 36 to 75%, 
in the  l iver  and /o r  k idneys  was obse rved ,  At  the 65.6 
/zmol/kg PCP  dose ,  the  dec rease  in the  P C P  concen t r a t i on  
was  no ted  in mos t  of  the  t i s sues  s tudied.  T h e r e  was a 78% 
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T A B L E  4 

ACUTE EFFECTS OF PC ON TISSUE CONCENTRATIONS OF PCP IN MICE 

PCP (nmol/ml or g)* 

Pretreatment Serum Brain Liver Kidney 

PCP (16.4/xmol/kg, IP) 

Control 1.7 ± 0.08 NDt 9.4 ± 0.4 10.5 ± 1.2 
PC (mmol/kg) 

1.1 1.4 ± 0.05 ND 11.0 _+ 0.4 9.1 ___ 1.7 
2.2 1.5 ± 0.05 ND 10.3 _~ 2.5 11.8 ± 2.5 
4.4 2.3 ± 0,09 ND 12.9 ± 1.3 15.1 __+ 1.8 

PCP (32.8/zmol/kg, IP) 

Control 2.1 __ 0.15 ND 20.3 _+ 0.6 17.2 ___ 1.7 
PC (mmol/kg) 

1,1 2.4 _ 0.2 ND 20,3 _+ 1.0 20.1 _+ 0.4 
2,2 2.1 _+ 0.1 ND 20,1 _+ 0.4 24.4 _+ 1.7 
4,4 1.9 __+ 0.1 ND 25,6 _+ 1.4 23.7 _+ 1.6 

PCP (65.6 tzmol/kg, IP) 
Control 4.4 ___ 0.2 5.7 ± 0.9 38.8 _+ 6.5 39.6 _+ 2.8 
PC (mmol/kg) 

1.1 3.2 ___ 0.2 8.3 _+ 2.3 38.0 _+ 2.4 48.1 _+ 2.8 
2.2 3.9 _+ 0.3 6.3 _+_+ 1.5 40.0 ± 2.5 41.1 _+ 2.6 
4.4 3.8 __ 0.2 5.8 _+ 1.2 47.0 _+ 4.9 57.3 _~ 4.8 

*Same as in Table 3. 
+Not detected in the I ml of 2(F~ homogenate. 

reduct ion in the brain PCP concentra t ion in 2.2 mmol  PC 
group,  while it was not detectable  in the 4.4 mmol  PC group. 
Unde r  similar exper imenta l  condit ions,  the PB pretreat- 
ments  decreased the concent ra t ions  of  PCP in these tissues 
at all the three doses  o f  PCP, whereas  the SKF-525A pre- 
t rea tment  increased the tissue concentra t ions  o f  PCP. 

DISCUSSION 

Though the PC doses  used in the present  study were  
much higher than that a PCP addict  might be exposed to 
during PCP smoking at one sitting [3, 6, 31], the duration of  
PC exposure  in chronic  smokers  is generally longer, i .e.,  
months  or  years of  regular daily use [3, 6, 31], than 4 days. 
Consequent ly ,  the high doses  o f  PC were  used to demon-  
strate its potential  to induce the M F O  system, thereby the 
PCP metabolism, after a relat ively short exposure  period. PC 
was determined to induce the hepatic  M F O  system in mice,  
as it increased the metabol ism of  various agents including 
PCP and pentobarbi tal  and the contents  of  microsomal  
cy tochrome P-450. These  observat ions  were  consistent  with 
the previous  findings where  PC t reatments  reduced the 
pentobarbi ta l - induced sleep, increased the l iver /body weight 
ratio and produced the proliferation,  along with the dilatation 
and fragmentat ion,  of  the hepatic  endoplasmic ret iculum in 
mice [26] and induced the rat hepatic microsomal  cyto- 
chrome P-450 contents  [8]. The  induction o f  A H H  by PC, as 
with MC [37,38], ref lected by the biotransformat ion o f  ben- 
zo[a]pyrene via epoxidat ion,  can be eventual ly  linked to a 

correlat ion between susceptibili ty to the carcinogens and 
A H H  inducibility [36, 44--46]. PC is biotransformed into re- 
act ive metaboli tes  including the generat ion of  PC-epoxides  
not only in mice [34,35] and rats [8,16], but also in humans 
[14,15]. Similar metabol i tes  are capable of  covalent  binding 
to tissue macromolecules  [12, 39, 47]. Therefore ,  it can be 
speculated that in the heavy chronic PCP smokers  there is a 
potential  for the induction of  the M F O  system, including 
A H H ,  thereby leading to the generat ion of  react ive metabo-  
lites o f  PC or polynuclear  hydrocarbons  present  in the en- 
vironment ,  i .e.,  during tobacco smoking [4] which is not un- 
common  in PCP smokers  [23,43]. 

The observed  PB-induced decrease and the SKF-525- 
caused increase in the tissue levels  of  PCP and pentobarbi tal  
further supported the invo lvement  of  cy tochrome  P-450 sys- 
tem in the metabol ism of  these agents [9, 27, 30]. Though less 
potent  than PB, PC was also effect ive in decreasing the tis- 
sue levels  of  PCP and pentobarbital .  The PC-induced de- 
crease  in the tissue levels  and increase in the in vitro metab- 
olism of  these agents explain the ability o f  the 4-day PC 
t rea tment  to lower  the PCP-st imulated locomot ion  and 
pentobarbi tal- induced sleep [26], since PCP metaboli tes ,  as 
is also true with pentobarbi tal  metaboli tes ,  are considered 
weaker  in action [9, 18, 25, 40]. The potential  of  PC to induce 
PCP metabolism and, therefore,  to decrease its tissue levels 
might contr ibute,  at least in part, to the deve lopment  of  
tolerance observed  in chronic  smokers  [3,6]. H o w e v e r ,  the 
possible interact ion be tween  PCP and PC at levels  o ther  than 
metabol ic  cannot  be comple te ly  ruled out. 
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T A B L E  5 

EFFECTS OF 4-DAY PC PRETREATMENT ON TISSUE CONCENTRATIONS OF PCP 1N MICE 

PCP (nmol ml or  g)" 

Pret reatment  Serum Brain Liver  Kidney 

PCP (16.4 p, mol/kg, 1P) 

Control 0.94 ± 0.01 ND t' 5.5 _+ 0.7 10.4 + 1.5 
PC (mmol/kg) 

1.1 0.92 ± 0.01 ND 5.6 +_ 1.0 12.2 ± 1.0 
2.2 0.76 ± 0.02 ND 5.4 ± 0.8 9.7 ± 1.0 
4.4 0.74 _+ 0.02 ND 3.5 ± 0.6 10.6 ± 0.2 

PB" 0.53 ± 0.045 ND 2.0 +_ 0.9+ 8.1 ± 0.8 
SKF-525A" 2.8 ± 0.25 4.4 ± 0.15 13.5 ± 3.2~: 13.6 ± 2.5 

PCP (32.8/,~mol/kg, IP) 

Control 1.6 _+ 0.1 ND 10.7 ± 0.9 27.5 + 3.8 
PC (mmol/kg) 

1.1 0.92 + 0.01 ND 8.3 ± 1.2 18.9 +_ 5.2 
2.2 1.6 ± 0.01 ND 12.9_+ 1.2 17.7 ± 0.7* 
4.4 1.4 + 0.04 ND 5.0_+ 0.7* 7.0 ~ 7.0 + 

PB 1.9 + 0.1 ND 3.5 ± 0.95 13.0 + 2.2t 
SKF-525A 2.8 ± 0.1" 11.3 + 2.75 19.1 +_ 5.1" 39.3 _+ 3.8* 

PCP (65.6/zmol/kg,  IP) 

Control 3.2 ± 0.1 4.1 _+ 0.7 23.0_+ 1.1 4 3 . 0 ±  2.7 
PC (mmol/kg) 

1.1 2.7 ± 0.2 3.9 + 1.9 20.4 ± 2.0 37.6_+ 2.1 
2.2 1.9 ± 0.1+ 0.9_+ 0.5t 21.8 ± 1.9 32.3 _+ 1.5" 
4.4 1.3 + 0.15 ND 8.7 _+ 2.15 30.9 +_ 2.0* 

PB 2.7 +_ 0.2* 1.5 + 1.5" 6.6_+ 0.95 34.0_+ 1.5" 
SKF-525A 6.3 _+ 0.65 12.1 _+ 3.3 + 37.4 ± 3.4* 47.7 +_ 2.9 

~'Same as in Table 3. 
hNot detected in the 1 ml of  20cA homogenate .  
'0 .30 mmol/kg daily for 4 days .  
'JMice were pretreated with corn oil (10 ml/kg) daily for 4 days.  Twenty- four  hr after the 

last injection, they were challenged with SKF-525A (0.10 mmol/kg/ .  
*p<0.05 vs. respective controls;  )p<0.01  different from controls;  +p<0.001 vs. controls.  
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