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Abstract—A series of quinoline drugs was evaluated for the ability to inhibit rat liver microsomal
aminopyrine N-demethylase (APDM) activity in vitro. Quinine was found to be a quite potent inhibitor
of APDM from control rat liver (Iso = 0.061 mM) but was only approximately half as potent against
APDM from phenobarbitone-induced rat liver (15 = 0.14 mM). Primaquine and amodiaquine were also
relatively potent inhibitors of these activities, but quinidine and chloroquine were essentially non-
inhibitory, especially against control-type APDM. Primaquine and quinine elicited characteristic type
IT optical difference spectra with oxidised cytochrome P-450 from both types of microsomes whereas
chloroquine and quinidine were type IIb ligands for cytochrome P-450 in phenobarbitone-induced
microsomal fractions. Good correlations were obtained for the logarithmic relationship between binding
affinity (K,) and inhibition potency (Is;), as well as the logarithmic relationship between efficiency of
binding {AA./K) and inhibition. These findings suggest that the capacity of quinoline antimalarials,
and similar drugs, to inhibit microsomal APDM activity is related to the affinity of the type II spectral
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binding interaction between the drug and oxidised cytochrome P-450.

A variety of compounds representing several classes
of nitrogen heterocycles including imidazoles [1-3],
benzimidazoles [4, 5] and quinolines [6, 7] are estab-
lished inhibitors of microsomal drug oxidation.
Numerous drugs have also been documented for
their capacity to inhibit drug metabolism. In par-
ticular the Hy-receptor antagonist cimetidine [8-10],
and antifungal imidazoles such as clotrimazole and
ketoconazole [11-13] have been identified as potent
inhibitors of mixed-function oxidase (MFQO) activity
in man and in experimental animals.

A recent study by Back er al. [14] demonstrated
that the antimalarial quinoline drugs chloroquine
and primaquine are inhibitors of microsomal drug
oxidation in vitro and in vivo in the rat. Others
have reported that chloroquine treatment alters the
sensitivity of rats to aflatoxin and benzofa]pyrene
toxicity [15]. It has also been suggested that chloro-
quine may affect drug oxidation by direct interaction
with a component of the MFO system [16]. In view
of these observations the present study was under-
taken to evaluate several therapeutic drugs based on
the quinoline ring system (Fig. 1) as inhibitors of
oxidative drug metabolism. In addition the capacity
of these compounds to interact with oxidised cyto-
chrome P-450 was evaluated in relation to the MFO
inhibition data.

MATERIALS AND METHODS

Animals. Male Wistar rats (250-300g) were
obtained from the Institute of Clinical Pathology and
Medical Research at the Westmead Centre. Pheno-
barbitone (PB) induction was achieved when appro-
priate by the intraperitoneal injection of PB (100 mg/
kg) on three consecutive days. Induced animals were
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Fig. 1. Structural formulae of drugs used in this study

(I) chioroquine, (II and HI) quinine and quinidine, (IV)

amodiaquine, and (V) primaquine. The asterisk represents
the centre of asymmetry in If and H1.
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sacrificed by cervical dislocation 48 hr after the final
exposure to inducer. Livers were immediately
removed, perfused with ice cold saline, homogen-
ised, and hepatic microsomes were prepared as
described previously [17]. All animals were fasted
for at least 12 hr prior to sacrifice. Microsomes were
stored as frozen pellets until required for use.

Chemicals. Primaquine diphosphate, chloroquine
diphosphate, quinine sulphate, quinidine sulphate
and biochemicals were obtained from Sigma Chemi-
cal Co., St. Louis, MO. Amodiaquine, originally
supplied by Warner-Lambert, was the gift of Dr.
D. E. Moore, Pharmacy Department, University of
Sydney. All other chemicals and reagents were of
analytical reagent grade.

Aminopyrine N-demethylase. Aminopyrine N-
demethylase (APDM) activity in control and PB-
induced rat hepatic microsomal fractions was deter-
mined essentially as described previously [4]. How-
ever, isocitrate dehydrogenase (1 unit), isocitric acid
(5 mM final concentration) and NADP (0.4 mM final
concentration) was used as the NADPH-generating
system in place of glucose 6-phosphate, glucose 6-
phosphate dehydrogenase and NADP.

In both types of microsomal fractions formal-
dehyde formation was found to be linear for up to
at least 15 min and to a substrate concentration of
0.53 mM. Linearity conditions were observed up to
5.6 mg (PB-induced) and 5 mg (control) of micro-
somal protein.

Binding studies. Microsomal pellets were resus-
pended in 0.1 M potassium phosphate buffer con-
taining 1 mM EDTA (pH7.4) to a protein con-
centration of about 2 mg/ml. The suspension was
then divided equally between two cuvettes and a
baseline of zero light absorbance was established in
an Aminco DW-2a spectrophotometer operating in
the split beam mode. Optical difference spectra were
obtained as described before [5]. Spectral dis-
sociation constants (K;) and maximal absorbance
changes (AA,.) were determined from the x-axis
and y-axis intercepts, respectively, of double recipro-
cal plots of AOD (peak to trough) vs compound
concentration (four to six different concentrations).

Cytochrome P-450 was measured according to the
method of Omura and Sato [18] and protein was
determined by the method of Lowry et al. [19].
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RESULTS

The five drugs included in the present study
inhibited aminopyrine N-demethylase activity from
phenobarbitone-induced (PB/APDM) and control
(C/APDM) rat liver microsomes (Table1). Pri-
maquine, amodiaquine and quinine were relatively
potent inhibitors of PB/APDM, but only primaquine
and quinine were strongly inhibitory towards C/
APDM. Quinidine was surprisingly inactive as an
inhibitor of either APDM activity when the potency
of its optical isomer (quinine) is considered. In fact
quinine was approximately three times more potent
than its stereoisomer against PB/APDM and about
twenty-three times more potent against C/APDM
(Table 1). Chloroquine was a feeble inhibitor of both
types of APDM activity.

To account for the observed inhibitory potencies
of the quinoline drugs a series of spectral binding
studies was undertaken. Two of the most potent
inhibitors, primaquine and quinine, elicited charac-
teristic type 1I optical difference spectra (absorption
maximum near 430nm and a broad minimum
between 390 and 410 nm) in both control and PB-
induced microsomal fractions. In contrast, the less
potent inhibitors quinidine and chloroquine elicited
type IIb difference spectra (maximum near 430 nm
and minimum near 410 nm) in PB-induced micro-
somes. Chloroquine produced a feeble reverse type
I spectral change in control liver microsomes but the
change was too small to be accurately quantified.
Quinidine produced an atypical spectral change in
which a trough was observed near 426 nm, but no
absorption maximum was apparent. Optical dif-
ference spectra were not obtained for amodiaquine
due to the intense absorption of that compound in
the 380-450 nm region of the spectrum.

Figure 2 represents the relationship between the
negative logarithm of the I5y value (plsy) and the
negative logarithm of the spectral dissociation con-
stant (pK;) for those compounds that elicited measur-
able spectra. A strong relationship between plsy and
pK; is suggested from the linear regression of these
parameters in PB-induced microsomes (r = 0.96,
N = 4) and in both microsomal types (r = 0.93, N =
6).

An alternate linear relationship was found to exist

Table 1. Inhibition of aminopyrine N-demethylase activity (APDM)
from phenobarbitone-induced (PB) and control (C) rat liver micro-
somes by quinoline drugs

PB/APDM* C/APDM
Compound Iso (mM) Iso (mM) Is ratiot
Chloroquine (I) 53 20 0.27
Quinine (IT) 0.14 0.061 23
Quinidine (III) 0.41 1.4 0.29
Amodiaquine (IV) 0.13 0.36 0.36
Primaquine (V) 0.13 0.12 1.1

* 150 values were determined in duplicate from plots of log (inhibitor)
concentration versus percent inhibition, using at least four con-

centrations of drug. Control

activities

were: 3.8*0.2 and

2.5 + 0.1 nmoles formaldehyde produced/mg protein/min for PB-
induced and control APDM, respectively.
t Ratio of I5s against PB/APDM and C/APDM.
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Fig. 2. Relationship between negative logarithm of the

spectral dissociation constant {pK) and the negative log-

arithm of the 15, value (pis) for a series of quinoline deriva-

tives. Regression line includes 6 points derived in control

(A) and PB-induced (@) microsomal fractions. Data taken
from Tables 1 and 2.

between pls; and the logarithm of the Adpex:K
ratio (Fig. 3). At this stage the significance of this
relationship is not certain because, although a good
correlation was obtained for the linear regression in
PB-induced microsomes (r = .98, N = 4), a poorer
correlation was observed when data from both micro-
somal types was combined (r = 0.85, N =6). Very
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Fig. 3. Relationship between the logarithm of the binding
efficiency {log(A4./K.)] and ply, for a series of quinoline
derivatives, Regression line includes 4 points derived in
PB-induced (@) microsomal fractions. (A ) Represents data

obtained using control liver microsomes. Data taken from
Tables 1 and 2.
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poor correlations were obtained for linear relation-
ships between plsp and AA e (0r —log AApna). Thus
it would appear that the binding affinity of the type
II interaction between a quinoline derivative and
ferric cytochrome P-450 is an appropriate spectral
parameter to account for APDM inhibition potency.

DISCUSSION

The present paper demonstrates that several
quinoline drugs are inhibitors of oxidative metab-
olism in rat liver in vitro and that their effects may
be mediated, at least in part, by an interaction with
the ferric form of cytochrome P-450. Other quino-
lines have been found to inhibit hepatic drug oxi-
dations both in vitro and in vivo. For example,
the antioxidant ethoxyquin has been described as a
potent competitive inhibitor of certain MFO activi-
ties in vitro [6, 20], and the structurally similar 8-
hydroxyquinoline-5-sulphonic acid (OHSA) was
weakly inhibitory towards APDM activity in vitro
[7]. A recent report established that the antimalarial
agents primaquine and chloroquine are inhibitors of
control APDM activity from rat liver [14]. The data
in the present paper confirm these observations and
extend them to include the related compounds quin-
ine, quinidine and amodiaquine. It was noted that
quinine and primaquine were more potent inhibitors
of PB/APDM activity whereas chloroquine, quini-
dine and amodiaquine were more active against
APDM activity from control rat liver (compare Is
ratios, Table 1). In order to account for the different
susceptibilities of PB/APDM and C/APDM to inhi-
bition by quinolines it is important to recognise that
the latter activity appears to be catalysed by two
enzymes with different affinities for aminopyrine
[21]. In contrast, a single enzyme appears to catalyse
the metabolism of aminopyrine in PB-type rat liver.
Consequently the I5s determined in PB-induced and
control liver microsomes probably represent the
capacity of the quinoline derivatives to interact with
different oxidative enzymes that are involved in the
turnover of a common substrate.

Spectral binding interactions between four of the
quinoline drugs and ferricytochrome P-450 were
studied in control and PB-induced rat liver micro-
somes. Type I optical difference spectra were gen-
erated by quinine (Fig. 4) and primaquine in control
and PB-induced liver microsomal fractions. Type IIb
difference spectra were generated in PB-induced
microsomes by quinidine (Fig. 4) and chioroquine.
However, neither compound generated reproducible
spectra in control microsomes that were quantifiable.
It is well established that the type II spectral change
reflects a change in the low spin-high spin equi-
librium toward the low spin component as a conse-
quence of ligand co-ordination at the sixth axial
position of the haem iron [22-24]. The type IIb
change represents a change in the low spin con-
figuration of ferric cytochrome P-450 in which the
endogenous sixth ligand is replaced by an exogenous
type IIb ligand (in this case a nitrogen atom in
quinidine or chloroquine) [25]. Type IIb ligands are
not considered to interact significantly with the high
spin form of the oxidised cytochrome. Primaquine
and gquinine probably interact with the haem iron of
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Table 2. Spectral binding parameters for the interaction of quinoline drugs with microsomal ferricytochrome P-450*

Microsmal type

Phenobarbitone-induced Control
Compound (Ky) (AAna X 107) (AAL/K) (K) (AA iy X 109 (AA LK)
Chloroquine 290 = 50 8.1+ 0.6 28 ND+
Quinine 16 8.9 556 13+2 4.9+ 0.5 369
Quinidine 16 + 0.3 4.6 +0.3 293 ND
Primaquine 12+2 15+4 1250 7209 17+ 1 2360

* Values are mean = S.D. of 3 or 4 individual spectral titrations with at least five different ligand concentrations. In
the case of the quinine interaction in phenobarbitone-induced microsomes the data are means of duplicate determinations

that differed by less than 9%.

Units are: K,, uM; AA .., absorbance units/nmole cytochrome P-450; AA,../K,. absorbance units/nmole cytochrome

P-450/M.

+ ND, not determined due to small spectral change of inconsistent magnitude.

cytochrome P-450 via the side chain amino nitrogen
and the quinuclidine nitrogen, respectively, as these
provide lone electron pairs that are sterically access-
ible to the haem iron. In contrast, chloroquine has
only relatively hindered nitrogen atoms in its alkyl-
aminoalkyl side chain and in the quinoline ring sys-
tem through which it may interact in type IIb fashion
with the ferric cytochrome. Unlike the situation that
exists in quinine, the quinuclidine nitrogen in quini-
dine is sterically inaccessible (Fig, 5) and may not be
available for a ligand interaction with high spin ferric
cytochrome P-450. It appears likely that this change
in the stereochemistry about the carbon atom
between the quinuclidine and quinoline ring systems
is responsible for the apparent difference in the
interaction of quinine and quinidine with cytochrome
P-450.

It is of major interest that the more potent inhibi-
tors of APDM activity also elicited type II difference

432
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Fig. 4. Type II optical difference spectra elicited by 0.5 mM
quinidine (upper trace) and 0.3 mM quinine (lower trace)
in phenobarbitone-induced microsomal fractions.
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Fig. 5. The effect of the a-carbon stereochemistry on

binding to high spin ferric cytochrome P-450. (A} rep-

resents the interaction between the quinuclidine nitrogen

of quinine and the high spin ferric cytochrome. (B) rep-

resents the absence of an interaction between quinidine
and high spin ferric cytochrome P-450.

spectra and that less potent inhibitors produced the
type IIb change. Non-potent inhibitors elicited
extremely feeble difference spectra. Therefore the
present results demonstrate that a good relationship
appears to exist between anti-APDM potency and
type II spectral binding affinity (Fig.2). It is also
possible that the efficiency of binding (AA./K;)
may be related to inhibition potency (Fig. 3),
although this possibility must await the results of
further studies with quinoline derivatives. There
appears to be no relationship between the extent of
type II binding to microsomal cytochrome P-450
(AA,,,) and APDM inhibition.

The results of the present study clearly suggest
that some antimalarial quinolines may affect the
biotransformation of other drugs in the liver. In
particular, significant inhibition of MFO activity may
result from the administration of quinine and pri-
maquine. As proposed by others [14], pharma-
cokinetic interactions may be a consequence of the
co-administration of an antimalarial quinoline and
another drug that is extensively metabolised by the
liver MFO system.

Acknowledgement—This work was supported by the
National Health and Medical Research Council of
Australia, and by grants-in-aid from the Clive and Vera
Ramaciotti Foundation and the Utah Foundation. It is a
pleasure to acknowledge the expert secretarial assistance of
Ms Krista Hammond in the preparation of this manuscript.



\& 0o

10.
11.

-12.

13.

Effects of quinoline derivatives on rat hepatic microsomes

REFERENCES

. C. F. Wilkinson, K. Hetnarski and T. O. Yellin,
Biochem. Pharmac. 21, 3187 (1972).

. C. F. Wilkinson, K. Hetnarski, G. P. Cantwell and F.
J. Di Carlo, Biochem. Pharmac. 23, 2377 (1974).

. T. D. Rogerson, C. F. Wilkinson and K. Hetnarski,
Biochem. Pharmac. 26, 1039 (1977).

. M. Murray, A.J. Ryan and P. J. Little, J. med. Chem.
25, 887 (1982).

. M. Murray and A. J. Ryan, Xenobiotica 13, 707 (1983).

. D. V. Parke, A. Rahim and R. Walker, Biochem.
Pharmac. 23, 3385 (1974).

. L. Manzo, R. Passoni, A. D. Segre, F. Berte and A.
Crema, Experientia 32, 1318 (1976).

. A. C. Flind, Lancer ii, 1054 (1978).

. O. Pelkonen and J. Puurunen, Biochem. Pharmac. 29,

3075 (1980).

S. Rendic, F. Kajfez and H.-H. Ruf, Drug Metab.

Dispos. 11, 137 (1983).

R. Kahl, D. E. Friederici, G. F. Kahl, W. Ritter and

R. Krebs, Drug Metab. Dispos. 8, 191 (1980).

C. J. E. Niemegeers, J. C. Levron, F. Awouters and

P. A. J. Janssen, Arch. int. Pharmacodyn. 251, 26

(1981).

D. S. Loose, P. B. Kan, M. A. Hirst, R. A. Marcus

and D. Feldman, J. clin. Invest. 71, 1495 (1983).

14.

15.
16.
17.

18.
19.

20.
21
22.

23.

24.
25.

3281

D. 1. Back, H. S. Purba, C. Staiger, M. L. Orme
and A. M. Breckenridge, Biochem. Pharmac. 32, 257
(1983).

G. O. Emerole, H. Jeyakumar, A. O. Uwaifo and V.
O. Anosa, J. envir. Pathol. Toxic. Oncol. 5,439 (1982).
J. E. Davis, M. F. Cranmer and A. J. Peoples, J. Toxic.
envir. Hith. 2, 1193 (1977).

M. Murray, C. F. Wilkinson and C. E. Dube, Toxic.
appl. Pharmac. 68, 66 (1983).

T. Omura and R. Sato, J. biol. Chem. 239, 2370 (1964).
O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J.
Randall, J. biol. Chem. 193, 265 (1951).

R. Kahl and K. J. Netter, Toxic. appl. Pharmac. 40,
473 (1977).

T. C. Pederson and S. D. Aust, Biochem. Pharmac.
19, 2221 (1970).

C. R. Jefcoate, E. R. Simpson, G. S. Boyd, A. C.
Brownie and W. H. Orme-Johnson, Ann. N.Y. Acad.
Sci. 212, 243 (1973).

J. Peisach, J. O. Stern and W. E. Blumberg, Drug
Metab. Dispos. 1, 45 (1973).

H. Rein and O. Ristau, Pharmazie 33, 325 (1978).

C. R. Jefcoate, in Methods in Enzymology, Vol. 52C
(Eds. S. Fleischer and L. Packer), pp. 258-279. Aca-
demic Press, New York (1978).



