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Inhibition of hepatic microsomal monooxygenase activity by
cinchocaine: mechanistic studies and effects of ionization

MIcHAEL MURRAY, Department of Medicine, University of Sydney, Westmead Centre, Westmead, NSW 2145, Australia

The quinoline-based local anaesthetic cinchocaine (dibu-
caine) was found to be a mixed-type inhibitor of micro-
somal aminopyrine N-demethylase and 7-ethoxycoumarin
O-deethylase activities from control and phenobarbitone-
induced rat liver in-vitro. Cinchocaine also elicited a
characteristic type I optical difference spectrum in oxidized
liver microsomes (K, = 24um; AA,,, = 34 x [0-°
absorbance units (nmol cytochrome P450)~!) but did not
appear to bind to the reduced form of the cytochrome.
Additional studies indicated that cinchocaine competitively
inhibited the type I spectral binding of substrate (amino-
pyrine) to ferric cytochrome P450. Studies of mono-
oxygenase inhibition by cinchocaine over a relatively
narrow pH range (6-5-8-5) indicated that, as might be
expecte£ the un-ionized form of the drug is associated with
inhibitory potency superior to that of the ionized form.
Thus 40% inhibition of aminopyrine N-demethylase activ-
ity was observed with 100 pm cinchocaine at pH 80 and 8-5
(24% and 50% un-ionized drug, respectively), whereas
only 16% inhibition was observed at pH 6-5 (1% un-ionized
drug). These findings suggest that the inhibitory action of
cinchocaine is mediated exclusively via an interaction with
ferric cytochrome P450 and that the extent of ionizationisa
determinant of mixed function oxidase inhibition.

A number of studies have demonstrated that nitrogen
heterocycles, including imidazoles (Wilkinson et al
1972, 1974a; Murray & Wilkinson 1984), benzimid-
azoles (Murray et al 1982; Dickins & Bridges 1982,
Murray & Ryan 1983) and quinolines (Kahl & Netter
1977; Back et al 1983; Murray 1984), can alter hepatic
microsomal xenobiotic metabolism by inhibiting cyto-
chrome P450 (P450)-dependent mixed-function oxidase

(MFO) activity. The nature of spectrally observed
interactions between inhibitory xenobiotics and P450
has been used as an indication of the mode of MFO
inhibition. For example, monoheterocyclic imidazoles
generally elicit type 1l optical difference spectra with
ferric P450, a finding that is consistent with a ligand
interaction at the haem iron site (Wilkinson et al 1974a,
b). On the other hand, fused-ring benzimidazoles
substituted in the 2-position with large alkyl or arylalkyl
groupings elicit the type I spectral change (Dickins &
Bridges 1982; Murray & Ryan 1983). This finding
implies that an interaction occurs between the inhibitor
and a hydrophobic patch on the P450 apoprotein
(Al-Gailany et al 1978). From Hansch analysis the
principal determinant of MFO inhibitor potency, in the
case of imidazoles and benzimidazoles, appears to be
hydrophobicity (Wilkinson et al 1974a; Murray et al
1982), although the importance of steric effects and the
position of heteroaromatic substitution has been
stressed (Rogerson et al 1977; Murray & Wilkinson
1984).

Hydrophobic interactions have also been hypo-
thesized to be important in the interaction of locai
anaesthetics with phospholipid membrane bilayers
(Papahadjopoulos 1972). Cinchocaine (dibucaine, I} is
a potent local anaesthetic of the amide type that is used
typically in ointments or, as the hydrochloride, in
infiltration anaesthesia (Martindale 1982). The
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presence of the quinoline nucleus in the structure of
cinchocaine suggested that this agent may be an
effective MFO inhibitor.

As the physicochemical requirements for MFO inhi-
bition by drugs are similar to those for effective local
anaesthetic action the present study was undertaken to
assess the capacity of cinchocaine to modify rat micro-
somal aminopyrine N-demethylase (APDM) and
7-ethoxycoumarin (O-deethylase (ECOD) activities
from control and phenobarbitone-induced rat liver.
This study also evaluated the mechanism of APDM
inhibition produced by cinchocaine, and the effect of its
ionization on inhibition and binding to oxidized micro-
somal cytochrome P450.

n

Materials and methods

Chemicals. Cinchocaine hydrochloride and all biochem-
icals were obtained from Sigma Chemical Co., St Louis,
MO, USA. All other solvents and reagents were of
analytical reagent grade.

Animals. Male Wistar rats (250-300 g) were from the
Institute of Clinical Pathology and Medical Research at
the Westmead Centre. Rat hepatic microsomes were
prepared from untreated or phenobarbitone-induced
animals as described by Murray et al (1983). Micro-
somes were stored as frozen pellets at —20°C until
required for use.

Mixed-function oxidase activities. APDM activity in rat
hepatic microsomal fractions was determined as des-
cribed by Murray et al (1982), except that isocitrate
dehydrogenase (1 unit), isocitric acid (Smm final
concentration) and NADP (0-4 mM final concentration)
was used as the NADPH-generating system. Incubation
pH was varied between 6-5 and 8-5 as dictated by the
experimental requirements: NADPH (1 mm) was used
in these experiments to obviate any pH effects on the
generating system. ECOD activity was determined by
the spectrofluorometric method of Prough et al (1978).

Binding studies. Microsomal pellets were resuspended
in 0-1M potassium phosphate buffer containing 1 mm
EDTA (pH 7-4) to a protein concentration of
2mgml-1. The suspension was then divided equally
between two cuvettes and a baseline of zero light
absorbance was established in an Aminco DW-2a
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spectrophotometer operating in the split beam mode.
Type I optical difference spectra elicited by amino-
pyrine and cinchocaine in phenobarbitone-induced
microsomes were obtained as described elsewhere
(Murray & Ryan 1983). Apparent spectral dissociation
constants (K,) and maximal absorbance changes
(AA.) were determined from the x- and y-axis
intercepts, respectively, of double reciprocal plots of
AA (peak to trough) vs aminopyrine concentration
(four to six different concentrations). In other experi-
ments, the binding charcteristics of the aminopyrine
type I interaction in phenobarbitone-induced micro-
somes were determined in the presence of 0-11 mm
cinchocaine. Here, cinchocaine was added in 5ul of
absolute alcohol to both the sample and reference
cuvettes and a baseline was established. The amino-
pyrine type I spectrum was then generated after the
introduction of microlitre quantities of a stock solution
of aminopyrine (in 0-1 M potassium phosphate buffer,
pH 7-4) to the sample cuvette.

The extent of cinchocaine binding in reduced micro-
somes was evaluated after the addition of NADPH
(0-6 M final concentration) or a few crystals of sodium
dithionite.

Cytochrome P450 was measured according to the
method of Omura & Sato (1964) and microsomal
protein content was determined by the method of
Lowry et al (1951).

Results and discussion

Under standard incubation conditions (pH 7-4), cincho-
caine was found to be a moderate inhibitor of APDM
activity from phenobarbitone-induced rat liver micro-
somes (about 30% inhibition at 100 um cinchocaine).
Kinetic analysis over a range of substrate concentrations
revealed that cinchocaine could be characterized as a
mixed-type inhibitor with an inhibitor equilibrium
constant (K;) of 0-11 mm (Fig. 1). Similar findings were
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Fic. 1. Dixon plot of inhibitor (cinchocaine) concentration
versus the reciprocal APDM activity (1/V where V = nmol
(mg protein)~! min—!) at different substrate concentra-
tions; 0-:25 (), 0:50 (@) and 0-75 mum (@).
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Table 1. K| values for the inhibition of different microsomal
mixed-function oxidase activities by cinchocaine.

K; (mm)*

Aminopyrine
N-demethylase

7-Ethoxycoumarin

Microsomal type O-deethylase

Control 0-24 0-070
Phenobarbitone-
induced 0-11 0-13

* K| values were estimated from Dixon plots of inhibitory
data at several substrate concentrations as shown, for
example, in Fig. 1.

obtained when cinchocaine was evaluated as an inhibi-
tor of other MFO activities. Thus the K; value for
cinchocaine as an inhibitor of APDM from control liver
microsomes was 0-24 mm and the K; values against
ECOD activity from control and phenobarbitone-
pretreated microsomes were 0-070 and 0-13 mu, respec-
tively (Table 1).

Cinchocaine was found to elicit a type | optical
difference spectrum (A, = 386 nm; Ayiy = 422 nm) in
oxidized microsomes from phenobarbitone-induced rat
liver (not shown). A value of 24 uM was obtained for the
spectral dissociation constant (K,) of the cinchocaine
type 1 interaction indicating a quite high affinity for
binding of the drug to ferric P450. However the
apparent maximal spectral change (AA.,) was deter-
mined to be 3-4 X 10-3 absorbance units per nmol P450
which is indicative of a low capacity interaction. Indeed,
if the extinction coefficient (¢ = 110mmM~! cm-!)
reported by Estabrook & Werringloer (1978) is applied,
then it is apparent that only about 3% of the total P450
in phenobarbitone-induced rat liver microsomes could
be involved in the interaction with cinchocaine. By
comparison, the substrate aminopyrine elicited a type I
spectral change in these microsomal fractions with K, =
220 um and AA,,, = 99 x 10-? absorbance units per
nmol P450. Again, applying the literature extinction
coefficient indicates that a maximum of approximately
9% of the total P450 may be converted from a low to
high spin configuration by aminopyrine. Thus it would
appear that a greater proportion of the microsomal P450
is available to undergo a type I interaction with
aminopyrine than is available for cinchocaine binding.
Nevertheless, studies of aminopyrine type I binding in
the presence of cinchocaine demonstrated the capacity
of the inhibitor to influence the interaction between
P450 and substrate. The inclusion of 0-11 mm cincho-
«aine increased the apparent K, of the aminopyrine type
I change to 520 um without affecting the capacity
(AA,,,) of the binding interaction. This situation is
analogous to competitive inhibition in a catalytic sense,
and suggests that cinchocaine and aminopyrine may
compete to some extent for the same binding site(s)
within the P450 catalytic centre.
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Additional studies demonstrated that cinchocaine
elicited no optical difference spectrum in either
NADPH- or sodium dithionite-reduced liver micro-
somes (not shown). Thus it must exert its inhibitory
effect on APDM activity via an interaction with ferric
P450 as it possesses no affinity for reduced P450. It
could therefore be concluded that cinchocaine exerts a
competitive effect on substrate binding to a portion of
the ferric P450 available for enzyme-substrate complex
formation. No doubt the observed extent of inhibition
reflects the capacity of cinchocaine to influence amino-
pyrine binding to ferric P450 before NADPH reduction.

pH optima for MFO reactions are usually observed in
the 7-0-8-0 range. In the present study both low (6-5)
and, in particular, high incubation pH (8-5) were
associated with sub-optimal APDM activity (Fig. 2).
However, it is apparent from Fig. 2 that this MFO
activity is more susceptible to inhibition by cinchocaine
at high pH (8-8-5). The pK of the side chain diethyl-
aminoethyl group has been reported to be 8-5 (Singer
1974), whereas the quinoline nitrogen atom is only
protonated below pH 4-0 (Moore & Hemmens 1982).
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Fic. 2. Effect of pH on apparent APDM activity (nmol (mg
protein)~! min~?!) in the presence (4p) and absence (@) of
100 um cinchocaine.

Thus, under standard incubation pH conditions, only
5-10% of the cinchocaine would be present in its
un-ionized form. In view of the established importance
of lipophilicity to MFO inhibition potency it is probable
that extensive ionization of the antagonist would be
associated with diminished inhibition. From Fig. 3 it is
apparent that the percent inhibition of APDM activity
produced by 100 uM cinchocaine increases with pH, as
does the fraction of it present in the un-ionized form.
Further studies, in which the effect of pH on the affinity
and capacity of the cinchocaine type I binding interac-
tion in oxidized microsomes, were also conducted. At
low pH (6-5) the K, of the binding interaction was 36 um
and its AA_,,, was 2-8 X 10~3 absorbance units per nmol
P450. In contrast, at pH 8-5, the affinity of cinchocaine
for P450 was increased (K, = 20 um) as was the maximal
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Fic. 3. Effect of pH on percent APDM inhibition produced
by cinchocaine (4p) and on the percentage of un-ionized
inhibitor (@).

binding capacity (AAp,,, = 41 x 103 absorbance units
per nmol P450). These binding data reflect the greater
capacity and affinity that P450 has for cinchocaine at
elevated pH and are consistent with the superior
inhibition of APDM produced by cinchocaine at slightly
basic pH. However it is clear that ionized cinchocaine
(side-chain diethylaminoethyl group protonated at low
pH) retains a degree of affinity for the substrate binding
site. This situation is compatible with MFO inhibition if
it is proposed that the cinchocaine 4-substituent is
projected away from the lipophilic binding region of
P450 and into the aqueous medium. From this proposal
it seems more likely that the 2-n-butoxy substituent, and
not the 4-substituent, is involved in a hydrophobic
interaction at the P450 active site. Certainly, if the
4-substituent was involved in an inhibitory binding
interaction a more pronounced effect of pH on inhibi-
tion may be-dnticipated.

From the present study it is clear that cinchocaine is
capable of influencing microsomal MFO activity (as
APDM and ECOD), in both control and
phenobarbitone-induced liver fractions, largely via an

475

interaction with oxidized P450. The effect of pH on
MFO inhibition may prove important in structure-
activity studies with certain classes of antagonists unless
the extent of ionization is considered. In addition, it
should not be assumed that ionization of the inhibitor
removes all MFO antagonist potency.
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