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Drug Interactions Through Binding to
Cytochrome P 450: The Experience with
H,-Receptor Blocking Agents’

Ulrich Klotz"? and Ingrid W. Reimann*

Abstract: H,-receptor blocking agents, such as cimetidine, ranitidine
or oxmetidine, are consumed in large amounts often together with a
variety of other drugs. There is increasing evidence that cimetidine
interferes with the hepatic elimination of several drugs, thereby
aggravating the effects of the comedication. Microsomal studies in
vitro revealed that cimetidine binds in therapeutic concentrations to
cytochrome P 450, which may represent the primary mechanism for
its ability to inhibit drug metabolism and thereby interact with other
drugs. The structurally different ranitidine (replacement of the
imidazole in cimetidine by a furan ring) is about five times as potent
as a Hy-receptor blocker and displays low affinity for binding sites on
cytochrome P 450. Therefore, therapeutic doses of ranitidine do not
impair the metabolism of other drugs. Preliminary data with oxmeti-
dine suggest that it too does not interfere at the level of hepatic
elimination. Thus, it is concluded that new therapeutic agents should
be tested for their ability to bind to cytochrome P 450 to determine
possible risks of drug interactions.

H,-receptor blocking agents are among the most widely used
drugs. They decrease basal and stimulated acid secretion (1, 2)
and are effective drugs in the treatment of peptic ulcer (for
review see 3, 4). In the Western world this disease afflicts
approximately 12 % of the adult population, and about 1 % of
total costs for all diseases are spent for peptic ulcer treatment
(5). Thus, many patients will be taking Hjy-blockers over
prolonged periods. Hence, the potential of drug interactions
exists and needs to be investigated.

H,-blockers elevate the pH of the gastric juice to values
between 3 and 5. Consequently, the absorption (bioavailabil-
ity) of other drugs might be modified (for review see 6).
Cimetidine and ranitidine are partly excreted unchanged by
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tubular secretion. Therefore, competition for this active trans-
port process with endogenous creatinine (7) or other basic
drugs (8) can also result in interactions. However, the prolon-
gation of hexobarbital sleeping time in rats (9) and the clinical
aggravation of warfarin action by cimetidine (10-12) have
stimulated the most attention to interactions with H,-blockers.

Cimetidine was released to the European market at the end
of 1976 (USA: August 1977) followed by ranitidine 5 years
later. Oxmetidine is still under clinical investigation. Since the
initial reports on drug interactions with cimetidine (9, 12, 13) a

Table I. Inhibition of Hepatic Elimination of Different Drugs by
Cimetidine.

Drug References
Warfarin 12
Acenocoumarol 12
Phenandion 12
Phenytoin 36, 37, 38
Carbamazepine 39
Diazepam 40, 41, 42
Desmethyldiazepam 21
Chlordiazepoxide 43, 44
Alprazolam 45
Triazolam 45
Theophylline 46, 47, 48, 49, 50, 63
Coffeine 51, 52
Propranolol 29, 53, 54
Labetalol 55
Metoprolol 56
Penbutolol 57
Lidocaine 58, 64
Chlormethiazole 59
Imipramine 60, 81
Ethanol 61, 62
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large number of papers have appeared. Table 1 summarizes all
the drugs which are reported to be affected in their metabolism
by cimetidine. As we will point out later, it is possible to
circumvent these interactions with the selection of alternative
drug treatments.

Possible Mechanism of Hepatic Interaction

a. Cytochrome P 450 Binding Experiments

In vitro experiments have revealed that cimetidine interacts
with rat liver microsomes (14). Recorded difference spectra
indicate that cimetidine binds to the ferrihemoprotein with a
dissociation constant K of 70 pM. Therefore competition for
binding sites between cimetidine and other ligands or drugs
could result in the inhibition of mono-oxygenation reactions
(14). A later report revealed that ranitidine had a much lower
affinity (K, = 1400-2800 uM) for cytochrome P 450 (15). In a
similar study with suspensions of rat liver microsomes
cimetidine produced a type II spectral change and showed a
high affinity (K; = 31 uM) for cytochrome P 450, while no
spectral change indicative of drug binding to cytochrome P 450
was observed with ranitidine up to concentrations of 284 uM
(16). Similar results were published by Speeg et al. (17) who
failed to detect spectral changes with ranitidine in concentra-
tions below 500 uM. The calculated dissociation constant of
ranitidine was > 20000 uM, while cimetidine (Kg; = 13 uM,
Ks, = 127 uM) was strongly bound to cytochrome P 450. Its
metabolite, cimetidine sulfoxide, demonstrated only a low
affinity (K = 1280 pM). Recent equilibrium partition studies
with rat liver microsomes justify two distinct and independent
classes of cytochrome P 450 sites capable of binding cimetidine
with dissociation constants of 8.3 and 100 pM (18). These
experimental binding studies clearly demonstrated that cimeti-
dine can inhibit the cytochrome P 450 system in clinically
relevant concentrations.

An important structural difference between these two H,-
blockers consists of the replacement of the imidazole ring of
cimetidine with the furan ring of ranitidine. Since it was shown
that substituted imidazoles can act as inhibitors of microsomal
oxidation (18, 19), it might be concluded that the imidazole
ring of cimetidine is responsible for the binding. However,
oxmetidine (Fig. 1) which does not interact with the hepatic
elimination of diazepam, theophylline and antipyrine (20), and

N—C=N
CHy—S—CH, —CH,—NH—C —NH—CHs

Cimetidine 0

N CHZQ\Q
B | _CH;,

0
H3C  CH,—S—CH,—CH,~NH™ N

\}_\/ H
Oxmetidine

/ﬂ\ CH—NO;

N=CH, ™07 CHy—S —CHy—CH;—NH—C—NH—CH;

HaC Ranitidine

Fig. 1 Chemical structures of the H,-receptor blocking agents
cimetidine, ranitidine and oxmetidine, and the presumed site of
attachment of cimetidine to cytochrome P 450.
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cimetidine sulfoxide which has only a low affinity for cyto-
chrome P 450 also possess an imidazole ring. Therefore, the
side chain of the molecule can modify the binding characteris-
tics of the substituted imidazoles. Other explanations of
cimetidine’s inhibitory potency (21) include contributions
from yet unidentified reactive metabolite(s). In a recent
abstract it was reported that rat liver cytochrome P 450
content and metabolism of 7-ethoxycoumarin decreased in a
time dependent manner after preincubation with cimetidine. It
was concluded that a reactive intermediate of cimetidine is
produced during the preincubation which inactivates cyto-
chrome P 450 (22).

b. Metabolic Studies

Several studies with rat liver microsomes have demonstrated
an inhibition of drug metabolism by cimetidine: the apparent
K;-values were between 1 and 10 mM for aminopyrine N-
demethylation (9, 23) and benzo(a)pyrene hydroxylation (24).
Aryl hydrocarbon hydroxylase was inhibited between 50 and
90 %, if microsomes were prepared 2 hours after administra-
tion of 150 mg/kg (ip) cimetidine (25). Using an 18500 g
(postmitochondrial) supernatant and 105000 g microsomal
preparation, aminopyrine N-demethylase was inhibited by
cimetidine (K; = 0.55 mM and 0.13 mM, respectively) much
more effectively than by ranitidine (K; = 4 mM and 3.7 mM,
respectively) or cimetidine sulfoxide (K; = 3.5 mM and
4.4 mM). The tested H,-antihistamines displayed mixed
inhibition in all cases (17). Similar results were found with
other substrates: Cimetidine competitively inhibited
meperidine demethylation (290-1470 yM cimetidine) and
pentobarbital hydroxylation (59 uM and 590 pM cimetidine);
no effect of ranitidine on both reactions was seen at a concen-
tration of 2.86 mM. Neither cimetidine (2.94 mM) nor
ranitidine (2.86 mM) had an effect on microsomal glucuroni-
dation of morphine (16).

In human liver biopsy samples cimetidine inhibited
hydroxylation of benzo(a)pyrene with an ICsy of 1 mM,
whereas for 7-ethoxycoumarin O-deethylase the ICs, was
approximately 10 mM (26). Another comparative study
demonstrated competitive inhibition of meperidine
(pethidine) demethylation and non-competitive or mixed
inhibition of pentobarbital hydroxylation by cimetidine (2.94
mM), but no inhibition of the metabolism of either substrate by
2.86 mM ranitidine (16). In addition the antipyrine clearance
(32.5 = 9.0 ml/h) was greatly reduced in the isolated perfused
rat liver in the presence of cimetidine (10.1 + 0.8 ml/h and 5.8
+ 1.5 ml/h after 1 and 5 mg doses,respectively). By contrast,
neither ranitidine nor oxmetidine significantly altered antipy-
rine pharmacokinetics (27). These metabolic studies demon-
strate that in comparable concentrations cimetidine but not
ranitidine inhibits drug metabolism reactions where cyto-
chrome P 450 is involved.

¢. Pharmacodynamic Animal Models

Since the inhibition of hepatic P 450 activity should result in
elevated or prolonged levels of many drugs administered
concurrently with cimetidine, pharmacodynamic effects
should be more pronounced. In fact, hexobarbital sleeping
time is significantly prolonged (9, 23, 25), the anticoagulant
effect of warfarin is potentiated (23), and there is significant
increase in zoxazolamine paralysis time (23).

d. Pharmacokinetic Considerations

According to the equation hepatic clearance (CLy) = liver
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blood flow (Q)x hepatic extraction ratio (E) and dependent on
the relative magnitude of CLy to Q, a drug’s CLy can be
characterized either as perfusion-dependent or capacity-
limited (for review see 28). The already mentioned inhibition
of drug metabolism by cimetidine results in a decrease in E and
consequently of CLy. There is considerable discussion if Hy-
blocking agents reduce also hepatic perfusion. Indirect mea-
surements of Q by the indocyanine green method suggest that
both cimetidine and ranitidine might reduce Q by about 20 to
30 % (29, 30). However, this finding has been questioned for
several theoretical and experimental reasons (31-34).

The elimination half-life (t,,), rather than the clearance, is
often used to characterize the hepatic elimination of a drug.
This is only valid, if the disposition of a drug (e. g. antipyrine)
can be described by the one compartment open model, in
which the t,,, is unaffected by the drug’s distribution through-
out the body (35). Numerous pharmacokinetic studies have
been performed in man where calculations of CL and/or ty;,
have been used to demonstrate the inhibitory potency of H,-
blocking agents.

Pharmacokinetic Investigations in Man

The hepatic elimination of a steadily increasing number of
drugs (including the model compound antipyrine — for review
see 6, 76, 77) is shown to be inhibited by cimetidine (Table 1),
but not by ranidine (Table IIa). In all of these metabolic
reactions the mixed function oxygenase which includes cyto-
chrome P 450 (or P 448) is involved (phase I reactions). This
functional impairment by cimetidine is documented either by a
decrease in CL and a prolongation of t;;;, or by an increase in
the monitored drug levels. In contrast, glucuronidation of
drugs (phase II reaction which is independent of the cyto-
chrome P 450 system) is not affected by cimetidine (Table
IIb). There seems to be no tolerance or decrease over time in
the inhibition of drug metabolism by cimetidine, and these
interactions develop rapidly within one day of pre-treatment

Table IIA: The Hepatic Elimination of Drugs is not Impaired by
Ranitidine.

Drug References
Warfarin 65
Phenytoin 66
Diazepam 67, 68
Theophylline 69
Lidocaine 70
Propranolol 68, 71
Antipyrine (phenazone) 69, 72
Aminopyrine (aminophenazone) 72
Ethanol 62

Table IIB: Glucuronidation of Drugs is not Inhibited by
Cimetidine.

Drug References
Oxazepam 21,73
Lorazepam 73
Temazepam 82
Morphine 74
Phenprocoumon 75

with therapeutic doses (17, 21, 40). Following withdrawal of
cimetidine recovery of oxidative drug metabolism occurs
within 48 hours (17, 44, 63).

Clinical and Practical Consequences

If the elimination of a drug is impaired by co-administration of
asecond drug, elevated plasma levels for a prolonged period of
time will result from this interaction. Therefore drugs whose
therapeutic or toxic effects are correlated with their plasma
concentrations should be reduced in their dosage. In any case,
multi-drug treatment should be guided by careful monitoring
of the clinical performance of the patient and the pharmacody-
namic and pharmacokinetic parameters of each drug.

For any new compound such interactions should be evalu-
ated during drug development by the described approaches.
Binding to cytochrome P 450, effects on metabolic reactions in
vitro, and pharmacokinetic/pharmacodynamic experiments in
animals could provide strong indications for such drug interac-
tions in man. As we have learned from the investigations with
H,-blocking agents, the results of these pre-clinical studies can
be cautiously extrapolated to the clinical situation. Thus, the
safety of new drug treatments might improve. Based on the
results of such studies, particularly where information on
mechanisms underlying drug interactions is learned, alterna-
tive treatments may be suggested. If a new compound interacts
with drugs that are eliminated by phase I reactions, one could
select a substance for concomitant therapy which is eliminated
by the renal route (if shown to be unaffected!) or by phase II
metabolic reactions. On the other hand, it is possible to modify
the chemical structure such that the inhibitory effects on
cytochrome P 450 are lost, while therapeutic efficacy is
retained (example ranitidine and oxmetidine).

The inhibitory potency of cimetidine on cytochrome P 450
reactions suggests a new indication for its therapeutic use.
Cimetidine has been shown in animal studies to reduce effec-
tively the hepatotoxicity of acetaminophen which is caused by
a reactive intermediate metabolite generated by cytochrome
P 450 (78, 79). However, the clinical value of cimetidine as an
antidote that prevents toxic metabolite formation and could be
used together with or replace N-acetylcysteine, remains to be
established.

In conclusion, the story of the drug-drug interactions involv-
ing Hy-receptor blocking agents has contributed some valuable
lessons for future drug development.
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