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SHORT COMMUNICATIONS

Effects of a nonsteroidal anti-inflammatory agent and phenobarbital on hepatic
microsomal mono-oxygenases in adjuvant disease in the rat*

(Received 17 November 1976; accepted 19 October 1977)

Subdermal injection of heat-killed mycobacterium dis-
persed in mineral oil induces a polyarthritic syndrome in
the rat. This animal model has similarities to certain
aspects of the human disease [1, 2] and is extensively
utilized in the routine testing of potential anti-inflammatory
and immunosuppressant agents [3, 4]. Reductions in the
hepatic microsomal drug-metabolizing enzyme system or
mono-oxygenases (HMDS) have been reported in adjuvant
disease [5-10]. Impairment in HMDS resulted in areduced
capacity for oxidative drug metabolism, and subsequently
could alter the efficacy, duration of action or toxicity of
drugs in this animal model. Lower LDs, values for indo-
methacin and phenylbutazone were reported in rats with
adjuvant disease [11]. Since an impairment in HMDS has
not been adequately demonstrated in human rheumatoid
disease, the pharmacological and metabolic profile derived
from the adjuvant rat may or may not be representative
of the therapeutic properties of the drug substance in man.
However, the adverse effects of these drugs, which often
limit their use, particularly in chronic therapy, could be
associated with a decreased HMDS capacity in human
rheumatoid disease.

Fenclorac  (a,m-dichloro - p- cyclohexylphenylacetic
acid, diethyl-ammonium salt) is a new nonsteroidal anti-
inflammatory drug which is more active than phenyl-
butazone both in acute and chronic animal models of
inflammation [12], and has less gastrointestinal toxicity
than indomethacin [13]. In this study, the effect of fenclorac
on HMDS in adjuvant disease was determined and corre-
lated with the anti-inflammatory properties of this com-
pound. Since phenobarbital, a known inducer of hepatic
microsomal mono-oxygenases [14], has been demonstra-
ted to elevate the impaired HMDS to nearly normal levels
in rats either with developing or established adjuvant
disease [8, 10], the effect of combined fenclorac and
phenobarbital therapy on HMDS was also studied in this
animal model.

Methods

Male Sprague-Dawley rats, weighing 182-217 g, were
obtained from ARS/Sprague-Dawley, Madison, W1, and
were housed in groups of three animals per cage. The
animals were maintained on a standard laboratory diet. No
hydrocarbons or saw dust were employed in the labora-
tories or the animal quarters. The drugs were administered
per os every 24 hr, as designated in a dosing volume of 5
mi/kg.

Adjuvant disease was induced by subdermal injection
of adjuvant [0.5 mg of heat-killed Mycobacterium butyri-
cum (Difco, Detroit, Mich.) in 0.1 ml! of light mineral oil}
into the distal portion of the tail. In experiments designed

* This paper was presented at the 1976 Fall Meeting of
American Society for Pharmacology and Experimental
Therapeutics in New Orleans, LA, August 1976 [ Parma-
cologist 18, 218 (1976)].
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to study the role of phenobarbital in adjuvant disease, daily
phenobarbital treatment began 3 days prior to adjuvant
administration and continued up to day 15 (nineteen
doses). Animals received fenclorac (3 mg/kg) with or
without the co-administration of phenobarbital (75 mg/kg)
daily from days 0 to 15 after adjuvant injection. The
control animals received an equivalent volume of the
vehicle (distilled water).

Paw volumes. The severity and progress of the adjuvant
disease was measured by assessment of paw volumes by
the mercury displacement method of Winter et al. {4] and
measurements of plasma inflammation units [10]. The unit
of measurement for paw volumes was calibrated so that
40 units were equivalent to 1 ml of mercury displacement.
The volume displacement capacity of the instrument was
Sml, or 200 units, and full-scale measurements were
linear.

Preparation of microsomes. Liver homogenates (20%,
w/v) were prepared from tissues of two to four rats in 0.1
M phosphate buffer (pH 7.4) by a modification of pre-
viously described methodology [15]. The liver homogenate
was centrifuged at 10,000 g for 30 min at 4°C. The super-
natant fraction was centrifuged at 104,000 g for 60 min in
a Beckman L.S5-50 ultracentrifuge at 4°. The pellet (micro-
somal fraction) was resuspended in 0.1 M phosphate
buffer (pH 7.4) containing 0.15 M KCl in such a volume
that each ml was equivalent to approximately 0.4 g of the
original liver wet weight. The microsomes were washed
once with 0.15 M KCl, prior to the preparation of micro-
somal suspensions in the determination of cytochromes.

Determination of hepatic drug-metabolizing enzymes
activity. The activities of aminopyrine demethylase, ani-
line hydroxylase and NADPH-cytochrome ¢ reductase,
and the contents of cytochrome P-450, cytochrome b, and
microsomal protein were measured by procedures re-
ported earlier [16]. There were no significant differences in
the levels of cytochrome P-450 and cytochrome b, or in
the activities of NADPH—ytochrome ¢ reductase, amino-
pyrine demethylase and aniline hydroxylase in the control
groups of rats receiving distilled water per os or a sub-
dermal injection of the adjuvant vehicle (light mineral oil).

Statistical calculations were performed according to
Snedecor and Cochran {17] and values for the two-tail
Student’s t-test of P < 0.05 were considered significantly
different.

Results and discussion

Fenclorac reduced the severity of polyarthritic syn-
drome as indicated by reductions in paw edema (82 per
cent) and plasma inflammation units (42 per cent) in rats
with developing adjuvant disease (Table 1), with only a
marginal improvement in reductions in HMDS (Table 2).
Although phenobarbital alone inhibited paw edema by 30
per cent, the combined treatment with fenclorac and
phenobarbital reduced the paw edema by 81 per cent.
Chronic administration of phenobarbital during the deve-
lopment of primary and secondary lesions prevented the
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Table 1. Effect of fenclorac and phenobarbital on paw edema and plasma inflammation units in rats with developing
adjuvant disease*

Paw volume unitst Plasma
Dose % Inhibition inflammation

Drug (mg/kg/day) Day 0 Day 14 of paw edemai units
Controls 48.6 0.6 77.7=x3.9 100 = 11
Phenobarbital 75 48.2 0.7 68.6+4.4 30 90 +9
Fenclorac 3 51.5+1.1 56.7 = 1.68 82§ 58 = 13§
i“enclorac 3

+

phenobarbital 75 51.4+0.7 56.9 = 2.8% 818 63 = 118§

* All drugs were administered orally daily for 14 days prior to the measurement of paw edema and plasma
inflammation units. All values are the means + S.E. from ten to twelve rats in each group.

t One ml paw edema = 40 units (see text for details).

1 100 (x—y)/x, where x = mean paw units (day 14-day 0) in adjuvant control groups, and v = mean paw units (day

t4-day 0) of drug group.
§ P <0.05, compared to controls.

Table 2. Effect of fenclorac and phenobarbital on hepatic microsomal mono-oxygenases in rats with adjuvant disease*

Adjuvant
Normal Fenclorac
+
Parameter Control Phenobarbital Control Phenobarbital phenobarbital Fenclorac

Liver wet wt (g/100g body wi) 3.04 2 0.05  4.53 > 0.14%(149) 4.05 = 0.60(133) 4.80 = 0.09t (158) 4.89 = 0.13%¢(161) 3722045712
Microsomal proteins (mg/g) 331 48 = 4% (146) 31 = 0.118(94) 35 = 1£8(106) 3925118 321309
Aminopyrine N-demethylase 7803 25.4=x3.3t(326) 1.8 2 0.21§(23) 14.5 = 1.8+1§(186) 13.1 = 1.958(168) 2020458027

(nmoles 4-aminoantipyrine

(ormedjmg/}ﬂ min)
Aniline hydroxylase 9.1 0.2 13.4 = 0.9+ (147) 3.8 =0.5%%(42) 9.9 =2.0:(109) 9.6 = 0.918 (106) 5.5 = 1.38(60)

(nmoles p-aminophenol

formed/mg/15 min)
Cytochrome b, (nmoles/mg) .53+ 0.03  0.58 = 0.04(109) 0.30 = 0.0248 (57 0.41 2 0.0 (77 0.52 = 0.03(98) 0.39 = 0.02+48(74)
NADPH-cytochrome ¢ 20706 442 22.51(204) 10.3 = 1.4+§(48) 39.8=2.0+1%(183) 379 =2.671(175) 12.6 = 0.67§(58)

reductase (mM change in
cytochrome ¢/min/mg)}
Cytochrome P-450 (nmoles/mg) 0.52 +0.03 .38 =~ 0.07+ (265)

Cytochrome P-420 (nmoles/mg} 0 0 0.11 =0.07

0.22 2 0.027§(42)

0.90 = 0.05t:§1173)  0.89 = 0.06¥1§ (171
0 0

0.25 £ 0.037§ 48)
0.07 = 0.03

* All values are mean = S.E. from three to five separate microsomal preparations. Each microsomal preparation was made from pooled livers of two rats.
The number in parentheses is the relative value to normal control rats as 100. Daily drug treatment in phenobarbital groups began 3 days prior to adjuvant
administration at a dose of 75 mg/kg and continued for 1§ days thereafter. Fenclorac was administered daily for 16 days after adjuvant administration. The
control animals received distilled water in volumes similar to that of drug-pretreated groups. All animals were deprived of food 16-18 hr prior to sacrifice.

with water ad lib.
t P 0.05, compared to normal controls.
1 P <0.05. compared to adjuvant control group.
§ P <0.05, compared to phenobarbital in normal rats.

reductions in HMDS in adjuvant control and fenclorac-
treated rats (Table 2).

The results of this study suggest that the pathogenesis
of experimentally induced adjuvant disease in rats in-
volves at least two processes in the polyarthritic response:
an immunologic mechanism [18] and a systemic metabolic
lesion (hypoactivity of the HMDS). Theimmunologicmech-
anism is usually associated with a latent period of 10-16
days from adjuvant administration to the appearance of the
inflammatory and osteogenic phases of the disease [18],
and is not responsive to pretreatment with an inducer of
HMDS (Table 1). This phenomenon is illustrated by the
marginal improvements in paw edema and a concomitant
complete protection of HMDS from impairment by treat-
ment of diseased animals with phenobarbital. The second
process involves the inactivation of hepatic (and possibly
extrahepatic) drug-metabolizing enzymes and is respon-
sive to induction by phenobarbital. These results are in
agreement with those of Beck and Whitehouse [9] and Zak
et al. [6], but disagree with those of Morton and Chatfield
[5] who did not observe enzyme induction after admini-
stration of a single dose of phenobarbital at day 13 post-
adjuvant. In rats either with developing or established
adjuvant disease, phenobarbital provided protection or

marked amelioration for all the components of the hepatic
microsomal drug-metabolizing enzymes [10]. These in-
ductive effects of phenobarbital in rats with established
disease were evidenced even after a single dose of the
drug, with the complete reversal of HMDS to control levels
after 3 days of inducer treatment. 3-Methylcholanthrene,
another inducer of hepatic enzymes, was also effective
in both the established [10] and developing adjuvant
disease,* suggesting that the livers of diseased animals
with impaired HMDS are capable of inducing enzymes re-
quiring either cytochrome P-450 or P-448. The decrease
in HMDS may be responsible for the observed increase
in toxicity [11] and longer biologic half-life {19] of non-
steroidal anti-inflammatory compounds in adjuvant
disease.

Fenclorac, in the doses used in the present study, does
not affect the body weight gains in normal {16] or poly-
arthritic rats (Fig. 1), but the co-administration of fenclorac
with phenobarbital ameliorated body weight gain in poly-
arthritic animals (Fig. 1), suggesting that this phenomenon
may be related to improvements in HMDS of the diseased

* P. P. Mathur, personal observation.
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Fig. 1. Effect of phenobarbital and fenclorac on body weight gain in rats with developing adjuvant
disease. The adjuvant was administered on day 0. Daily drug treatment began on day —3 in animals
receiving phenobarbital (75 mg/kg/day) and on day 0 in animals receiving fenclorac (3 mg/kg/day) and
continued for the duration of the experiment. Normal and adjuvant control groups received distilled
water as a dosing-vehicle control in volumes similar to that of drug-treated groups. All values are
mean > | S.E. from seven to twelve animals. Notice the uniform increase in body weight gain in all
groups for the initial 3 days (day —3 to day 0) and an immediate loss in body weight gain in all groups
of animals receiving adjuvant. The values in all adjuvant groups were significantly lower when
compared to normal controls at all time intervals with P <0.05 or better.

Abbreviations: PB, phenobarbital; AD, adjuvant; and F, fenclorac. The asterisk (*) indicates P < 0.05
or better, compared to normal controls; the single dagger (), P <0.05 or better, compared to AD;

and the double dagger (f), P <0.05 or better, compared to AD+F.

animals. Also, the increases in the activities of drug-
metabolizing enzymes in hepatic and possibly in extra-
hepatic tissues would be accompanied by increased
metabolism and subsequent clearance of both the admini-
stered xenobiotics and the substances produced (or the
lack of them) within the body in response to various
stimuli (unknown) owing to the diseased state of the
animals.

Another mechanism of the inhibition of HMDS by adju-
vant may involve components of the immune response
system. The administration of adjuvant activates a series
of immune reactions, resulting in stimulation of the reticu-
loendothelial system with hepatosplenomegaly and macro-
phage activation [20, 21]. The macrophage activation
during phagocytosis has been shown to stimulate hydrogen
peroxide [21] and superoxide [22] production, with sub-
sequent damage of microsomal membrane phospholipids
[23, 24] and components of the electron transport chain of
HMDS. The temporal pattern of appearance of polyarth-

ritis and the impairment in HMDS would indicate that the
changes in HMDS, which were evident as early as 8-14
hr after adjuvant [8, 10} were involved in the primary
immunological phase of the disease. Furthermore, it has
been demonstrated recently that repeated injections of
superoxide dismutase in rats suppressed the carrageenan-
induced paw edema [25], and the production of macro-
phages was inhibited by various nonsteroidal anti-
inflammatory agents [26], thus suggesting participation
of superoxide radicals in maintaining this phase of
inflammation.

Although the HMDS in adjuvant rats receiving pheno-
barbital was similar to that of a normal rat, the values were
lower than those observed in phenobarbital-treated normal
animals. This would also suggest that the immunologic
events elicited by adjuvant administration may have some
role in the reduced activity of HMDS. Fenclorac
significantly suppressed the polyarthritic syndrome (an
immunologic event), but did not change the impairment in
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HMDS; combined therapy with fenclorac and phenobar-
bital provided protection for both the articular (inflamma-
tion) and extra-articular (impairment of HMDS)
manifestations of adjuvant disease.

The clinical implications of adjuvant-induced impair-
ment in HMDS and the potential use of combined therapy
with anenzyme inducer and nonsteroidal anti-inflammatory
agent must be considered in relation to changes in the
clinical pharmacological profile of the drug substances.
Enzyme induction and drug interaction could significantly
alter therapeutic and toxicological activity by changing the
rates of metabolism and clearance of the anti-inflammatory
drug substance.
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Effects of the d- and Lisomers of amphetamine on the levels of
3-methoxy-4-hydroxyphenylglycol sulfate in whole rat brain and rat brain regions

(Received 2 May 1977; accepted 26 October 1977)

Considerable evidence has accumulated to suggest that
amphetamine increases the availability of the catechol-
amines (norepinephrine and dopamine) at post-synaptic
receptors by releasing catecholamines from pre-synaptic
nerve terminals or by blocking their reuptake. Aspects of
this extensive literature have been reviewed in several
recent volumes [1-3]. However, studies of the effects of
acute administration of amphetamine or methamphetamine
on the turnover of norepinephrine have yielded variable
results. In some studies, norepinephrine turnover in whole
brain or brain regions has been found to be increased by
amphetamine, as determined by the rate of disappearance
of intracerebrally injected [3H]norepinephrine [4-7], while
in others norepinephrine turnover in brain appeared to be

decreased or unchanged as determined by the accumula-
tion of norepinephrine synthesized in vivo from labeled
precursors [8~10] or by the rate of depletion of endogenous
norepinephrine after synthesis inhibition [11].

The methods used in previous studies to examine the
effects of amphetamine on norepinephrine turnover in-
volved various pharmacological or physiological interven-
tions. Therefore, in order to explore this problem further,
we have examined the effects of both the d- and l-isomers
of amphetamine on the turnover of norepinephrine in
whole rat brain and various regions of rat brain by measur-
ing the endogenous levels of the sulfate conjugate of
3-methoxy-4-hydroxyphenylglycol (MHPG-SO,), a major
metabolite of norepinephrine in rat brain[12, 13]. This



