Short communications

Biochemical Pharmacology, Vol. 37, No. 15, pp. 3049-3053, 1988.
Printed in Great Britain.

3049

0006-2952/88 $3.00 + 0.00
© 1988. Pergamon Press plc

In vitro studies on the interaction of famotidine with liver microsomal cytochrome
P-450

(Received 19 Octrober 1987, accepted 13 February 1988)

Cimetidine, an H,-receptor antagonist widely used to treat
peptic ulcers, has been found to impair the elimination of
other drugs that are metabolized by the hepatic mixed-
function oxidase system [1-6]. The interference of cime-
tidine with oxidative drug metabolism is believed to be
due to its binding to cytochrome P-450 {7], which thereby
decreases the interaction between cytochrome P-450 and
other substrates. Because of the widespread use of H,-
receptor blocking agents, it is important that newly devel-
oped therapeutic agents in this class be examined for their
ability to interact with cytochrome P-450 in order to assess
the potential risk of drug interactions.

Famotidine, 3-[[[2[(aminoiminomethyl)amino]-4-
thiazoyl methyl] thiol | - N - (aminosulfonyl) propanimida-
mide, is a new Hy-receptor antagonist and has been shown
to be more potent and longer-lasting than cimetidine in
inhibiting gastric acid secretion in animals and humans [8-
12]. Famotidine is structually different from cimetidine in
having a thiazole nucleus instead of an imidazole ring (Fig.
1). To examine the potential of drug interactions in vivo,
the in vitro interaction of famotidine with rat and human
liver microsomal cytochrome P-450 and its subsequent inhi-
bition of drug metabolism were compared with those of
cimetidine.  1.-643,441,  N-[3-[3-[1-piperidinylmethyl]-
phenoxy]-propyl]-1,2,5-thiadiazole-3,4-diamine-1-oxide,
another newly synthesized H;-receptor antagonist, is also
included in this study for comparison.

Materials and methods

Liver microsomes from untreated, phenobarbital (PB)
treated (100 mg/kg/day, i.p. for 4 days), and 3-methyl-
cholanthrene (3-MC) treated (40 mg/kg/day, i.p. for 4
days) male Sprague-Dawley rats were prepared by dif-
ferential centrifugation. Frozen liver samples from human
kidney donors were supplied by Dr. C. Van Bahr,
Department of Clinical Pharmacology, Huddinge Hospital,
Huddinge, Sweden. Substrate-induced difference spectra
were recorded on an Aminco DW-2a spectrophotometer
according to Schenkman ef al. [13]. The O-deethylation of
7-ethoxycoumarin was measured fluorometrically by fol-
lowing the formation of 7-hydroxycoumarin according to
the method of Ullrich and Webster [14] with some modi-
fications [15]. The N-demethylation of d-[N-methyl-
1“C]benzphetamine was measured by liquid scintillation
counting of the ['*C]formaldehyde that was trapped in
situ as the semicarbazone derivative [16]. Famotidine, L-
643,441 and cimetidine were synthesized at the Merck
Sharp & Dohme Research Laboratories, Rahway, NJ.

Results

Spectral studies on the interaction of famotidine and L-
643,441 with microsomal cytochrome P-450. The inter-
action of famotidine and L-643,441 with cytochrome P-450
was examined by the difference spectra obtained with liver
microsomes from untreated or treated rats. Cimetidine was
also examined as a positive control. When cimetidine was
added at a concentration of 300 uM to liver microsomal
suspensions from untreated as well as treated rats, a pro-
nounced difference spectrum with a peak at 431 nm and a
trough at approximately 400 nm was obtained. Cimetidine
was the only compound to show this type II binding spec-
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Fig. 1. Structures of H,-receptor antagonists.

trum with all of the rat liver microsomal preparations. L-
643,441 gave small spectral changes with liver microsomes
from PB- and 3-MC-treated rats. Famotidine, when added
at the same concentration, demonstrated little or no dif-
ference spectra with all of the rat liver microsomal prep-
arations (Fig. 2).

The interaction of these three H-receptor antagonists
with cytochrome P-450 was also examined in liver micro-
somes prepared from human kidney donors. Represen-
tative difference spectra for human liver microsomes are
illustrated in Fig. 3. At a 300 uM concentration, famotidine
and L-643,441 showed little or no difference spectra with
human liver microsomes, whereas cimetidine gave a notice-
able spectral change.

Effects of famotidine and L-643,441 on cytochrome P-
450-catalyzed drug oxidations. The effects of famotidine,
L-643,441, as well as cimetidine on the cytochrome P-450-
catalyzed O-deethylation of 7-ethoxycoumarin and the N-
demethylation of benzphetamine were examined. In these
studies, the concentrations of substrate used in the incu-
bations were near the K,, values (i.e. 0.1 mM for 7-ethoxy-
coumarin in rat and human liver microsomal systems, 0.1
and 0.02 mM for benzphetamine in rat and human liver
microsomal systems respectively). Less than saturating sub-
strate concentrations provide a more sensitive measure-
ment if the Hy-receptor antagonists (ranging from 0.25 to
2 mM) cause any inhibition. Table 1 shows that cimetidine
caused a substantial concentration-dependent inhibition of
both O-deethylase and N-demethylase activities. L.-643,441
caused similar inhibition, except for N-demethylase activity



3050

A Absorbance

Short communications

A
Q.04+ N
\
oy
[
'l \
0.03} N
! \
H \
! \
.02 ] \
1 \
Cimetidine ,l \\\
]
001}f \,' AN
/L 643,441 ! T~
643, [P S~
0 W— T ———
_ !
A Famotidine ]
\ /
\
- 0.01-\ !
\\ ]
\ !
\\ /
~002} /
\\‘_/
- 003
1 i 1 i 1 1
370 390 410 430 450 470 430 510
Wavelength (nm)
B
0.04}
i\
[
0.03} A
!
! \\
! \
0.02} ! \
! \
Cimetidine ;‘ \\
0.0 \,' \
g . I \
e Fomotidine ) . \
3 / /\W:_:
e ry - -
5 oy m—— f <
] —~— R S
2 S~ T
P L-643.441 ! T~
-0.01F !
!
!
\ !
-0.02}-\ f
\ !
\ !
\ I3
\ //
—003F \ /
\ /
\ S
\\~‘/’
L L 1 4
430 450 470 430

510

1 1
370 390 410
Wavelength{nm)

Fig. 2((A) and (B)



Short communications

004+

0.03+

002

[eXoa)

o e e .

L-643.441

]
]
|
!
|
]
!
|
I
|
|
|
I
i

/Cime'idme \\

Famotidine N,

A Absorbance
[e)

-0.01

- S
0021

-003+

Fig. 2. Difference spectra of liver microsomes from (A) untreated, (B) PB-treated and (C) 3-MC-treated

rats in the presence of 300 uM famotidine ( ), or L-643,441, (- - - - -) or cimetidine (--- - -
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Table 1. Inhibition of microsomal 7-ethoxycoumarin and benzphetamine metabolism by H.-

antagonists*

Inhibition of 7- Inhibition of

ethoxycoumarin
O-deethylation (%)

benzphetamine
N-demethylation (%)

Concentration

Antagonist (mM) Untreated PB 3MC Untreated PB
Cimetidine 0.25 18 10 0 24 5
0.50 26 19 4 38 18

1.00 35 35 11 57 24

2.00 48 45 20 70 34

Famotidine 0.25 3 0 0 0 5
0.50 5 4 0 0 4

1.00 0 10 0 1 6

2.00 21 25 0 6 10

L-643,441 0.25 13 16 0 3 5
0.50 21 17 0 7 7

1.00 29 39 2 7 13

2.00 50 55 18 14 24

* The antagonists were added as DMSO solutions to the incubation mixture. Values represent
percent inhibition relative to control samples containing only the DMSO solvent. The 7-EC
(0.1 mM) was incubated at 37° for 10 min. No inhibition corresponds to: untreated, 0.105 nmol/
mg/min; PB, 0.545 nmol/mg/min; 3-MC, 1.44 nmol/mg/min. Benzphetamine (0.1 mM) was incu-
bated at 37° for 10 min with untreated microsomes or 5 min with PB-treated microsomes. No

inhibition corresponds to: untreated, 24.7 nmol/mg/min; PB, 97.5 nmol/mg/min.

3051



3052

Short communications

Table 2. Effects of H,-antagonists on human liver microsomal benzphetamine N-demethylase
activity

Inhibition of metabolism* (%)

Individual livers

Concentration
Antagonist (mM) Male Female Average
Cimetidine 0.25 06 8 2 1 16 1329 9 1 9
0.50 4 315 511 9 02810 0O 9
1.00 11 16 24 10 16 11 312523 3 17
2.00 24 28 35 16 29 2027 32 36 17 26
Famotidine 0.25 02000 12 0 920 4 5
0.50 06 020 18 026 11 12 8
1.00 06 502 1 12520 4 6
2.00 09500 6 02714 0 6
L-643,441 0.25 06 000 0122710 0 6
0.50 03010 221342 0 2 8
1.00 06 9 20 251830 14 3 11
2.00 410 3 85 26 10 43 24 18 15

* Values represent percent inhibition relative to control samples containing only the DMSO
solvent. No inhibition corresponds to: 0.14, 0.14, 0.10, 1.56, 0.07, 0.20, 0.20, 0.85, 0.25 and
0.42 nmol/mg/min. Benzphetamine (0.02 mM) was incubated with microsomes at 37° for 10 min.
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Fig. 3. Difference spectra of human liver microsomes in
the presence of 300 uM famotidine ( ), or L-643,441
(+-v-- ), or cimetidine (----- ).

with microsomes from untreated rats. In contrast, famo-
tidine caused little or no inhibition in both P-450-dependent
reactions, thus indicating its lack of significant interaction
with microsomal cytochrome P-450.

To test the in vitro effect of famotidine and 1.-643 441
on drug metabolism in humans, liver microsomes prepared
from five male and five female donors were incubated
with these compounds and benzphetamine (0.02 mM). The
mean inhibition observed for ten human liver microsomal
samples of the benzphetamine N-demethylation is summa-
rized in Table 2. The order of the inhibitor effect of these
compounds was found to be similar to that found in studies
with rat liver microsomes.

Discussion

Examination of the effects of newly developed thera-
peutic agents on the in vitro metabolism of model com-

* Author to whom all correspondence should be
addressed.

pounds represents a simple, first step evaluation of the
potential risk of drug interaction. In view of the known
species differences in drug metabolism, liver microsomes
prepared from both humans and rodents should be used.
In our studies, cimetidine was shown to interact with both
rat and human cytochromes P-450 and to inhibit the oxi-
dative metabolism of 7-ethoxycoumarin and benzphet-
amine in vitro, confirming the reported cimetidine drug
interactions in vivo (3, 5, 6]. In contrast, famotidine showed
little interaction with cytochrome P-450 and insignificant
effects on the in vitro metabolism of 7-ethoxycoumarin
and benzphetamine, suggesting that the drug interaction
potential of this compound, in vivo, is low. Because of the
presence of multiple cytochrome P-450 isozymes [17], we
may have not probed the interaction of famotidine with all
the potential P-450 species. Nevertheless, the fact that
benzphetamine and 7-cthoxycoumarin metabolism by unin-
duced and induced rat liver microsomes as well as human
liver microsomes was minimally affected suggests that
famotidine does not interact with a variety of cytochrome
P-450 isozymes. This suggestion is consistent with the recent
report by Lin er al. (18] that famotidine has no effect
on the in vivo metabolism and elimination of antipyrine,
hexobarbital and warfarin in rats.
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Identification of a cytochrome P-450 in human fetal liver related to glucocorticoid-
inducible cytochrome P-450HLp in the adult*

(Received 10 October 1987, accepted 29 January 1988)

The cytochromes P-450 are a multigene family of micro-
somal hemoproteins prominently found in the liver. These
isozymes may be distinguished by differences in not only
their primary structure, but also their substrate specificities
and regulation of expression {1, 2]. Recent studies of human
liver have confirmed that, in adult tissue, there are
numerous forms of cytochrome P-450 structurally and func-
tionly related to those found in experimental animals.
These include: HLp, the glucocorticoid inducible, erythro-
mycin N-demethylase homologous to P-450p in the rat and
to LM3cin the rabbit [3]; HLj, the human ethanol-inducible
N-nitrosodimethylamine demethylase orthologous to rat P-
450j and rabbit LM3a [4]; HLc and HLd, the human
orthologs of polycyclic aromatic hydrocarbon-inducible P-
450c and P-450d, respectively, in the rat [5]; and HLx, a
human isozyme related to the family of constitutive iso-
zymes in untreated animals [6]. The human fetus has also
been shown to actively metabolize many substrates of the
cytochromes P-450 [7-10]. In addition, there are reports
that microsomes isolated from human fetal livers contain
proteins immunochemically-related to adult human liver
cytochromes P-450 [9, 11]. In this report, we examined
microsomes prepared from human fetal livers for the pres-
ence of proteins immunochemically-related to the five well
characterized human cytochromes P-450 currently under
study in our laboratory.

Methods

Liver specimens. Fetuses were obtained from therapeutic
abortions performed prior to 12 weeks of gestation. The
livers were removed, frozen in liquid nitrogen, and stored
at —80°. Adult liver specimens were obtained from patients
who had not received drugs known to induce HLp (3, 4]
and were undergoing hepatic lobectomy or were brain dead
renal transplant donors. Patient code numbers refer to

* This research was supported by grants or gifts from the
National Institutes of Health (GM-37498 and AM-37261),
the Virginia Environmental Endowment, the Exxon Corp.,
the General Electric Foundation, the Olin Chemical Co.
and the Virginia Center of Innovative Technology.

individual specimens. Microsomes were prepared and
stored as previously described [3]. Protein concentration
was determined colorimetrically [12].

Antibody preparation and immunoblot analysis. Anti-
bodies which specifically recognize human liver cytochrome
P-450 HLj [4], HLc and HLd [5], or HLx [6] were prepared
as described in the indicated references. Polyclonal anti-
bodies against HLp were raised in goats as previously
described [13]. Immunoblot analyses were performed and
quantitated as previously described [3].

Results and discussion

Microsomes isolated from human fetal livers were sub-
jected to electrophoresis in polyacrylamide gels, trans-
ferred to nitrocellulose filters, and then exposed to one of
the anti-cytochrome P-450 antibodies. Analysis of these
immunoblots (Fig. 1) demonstrated that the fetal liver
microsomes did not contain detectable levels of proteins
immunochemically-related to HLj [4], HLc and HLd [5],
or HLx [6]. These results are in keeping with developmental
studies in rats which indicate that P-450c and P-450d [14, 15]
and P-450j (F. J. Gonzalez, personal communication, cited
with permission) are absent in fetal liver, but then rise to
adult levels during the neonatal period. To our knowledge,
P-450g, a rat liver counterpart of HLx in humans, has not
been studied in the rat fetus.

Cytochrome P-450p has been reported to be undetectable
in rat fetal liver [15]. However, each of the human fetal
microsomal samples we examined contained a protein that
reacted with anti-HLp antibodies and displayed an elec-
trophoretic mobility identical to that of HLp (Fig. 1).
Scanning densitometry of these immunoblots demonstrated
that the average amount of the HLp-related protein in five
fetal preparations was 0.07 nmol HLp/mg protein (range,
0.03 t0 0.09) (Table 1). By comparison, the average amount
of immunoreactive HLp in hepatic microsomes prepared
from adult specimens was 0.12 nmol/mg protein (range,
0.07t0 0.19) (Table 1). Thus, the concentration of immuno-
reactive HLp in adults is almost twice that of the HLp-
related protein in fetal liver. However, in both adult and
fetal microsomes, the amounts of the immunoreactive HLp



