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The selective serotonin reuptalke inhibitor luvoxamine is a very potent inhibitor of the liver
enzyme CYP1A2, which is the major P450 catalysing the biotransformation of caffeine, Thus,
a pharmacokinetic study was undertaken with the purpose of documenting a drog-drug
interaction between fluvoxamine and cafleine.

The study was carried out as a randomized, in vive, cross-over study including eight healthy
volunteers. In Period A of the study, each subject took 200 mg caffeine orally, and in Period B,
the subjects took Huvoxamine 50 mg per day for 4 days and 100 mg per day for 8 days. On day
8 in Period B, the subjects again ingested 200 mg caffeine. After caffeine intake, blood and
urine were sampled at regular intervals. Caffeine and its three primary demethylated
metabolites, paraxanthine, theobromine and theophylline in plasma and the same four
compounds plus 11 more metabolites in urine were assayed by HPLC,

During fluvoxamine, the median of the total clearance of caffeine decreased from
107 mlmin™ to 21 mlmin™' and the half-life increased from 5 to 31 h. The N3-demethylation
clearance of caffeine to paraxanthine decreased from 46 to 9mlmin™'; the N1- and
N7-demethylation clearances decreased from 21 to 9 mlmin™' and from 14 to 6 mlmin™’,
respectively.

The results confirm that CYPIA2 is the main enzyme catalysing the biotransformation of
caffeine, in particular the N3-demethylation and partly the N1- and N7-demethylation. The
results indicate that intake of caffeine during fluvoxamine treatmeni may lead to caffeine
intoxication. Finally, our study provides additional evidence that fluvoxamine can be used to

probe CYP1A2 in drug metabolism,
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Introduction

Fluvoxamine is an antidepressant that belongs to the
class of selective serotonin reuptake inhibitors (S5R1s).
Fluvoxamine is eliminated predominantly by oxidation
in the liver (Benfield & Ward, 1986), however, the
P450s responsible for the oxidation of fuvoxamine
have not yet been identified. Fluvoxamine is a very
potent inhibitor of the N-demethylation of imipramine
both in human liver microsome preparation (Skjelbo &
Brosen, 1992) and in vive (Spina et al., 1992). Cyto-
chrome P4501A2 (CYP1A2) is an important enzyme
catalysing the conversion of imipramine to the active
metabolite desipramine (Lemoine et al., 1993}, These
observations led to further investigations confirming
that fluvoxamine indeed is a very potent inhibitor of
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CYP1A2 (Brosen et al., 1993), and among the SSRIs,
fluvoxamine is the only one with this property.

Caffeine (1,3, 7-trimethylxanthine) is a natural con-
stituent of coffee, tea and coca-cola. Caffeine metab-
olism in humans is very complex and at least 14
metabolites have been identified (Fig. 1). The main
route of elimination is N3-demethylation to paraxan-
thine (17X), and this route accounts for approximately
80% of the elimination of caffeine (Lelo et al., 1986),
Caffeine and its metabolites are eliminated both by
demethylation or hydroxylation and by renal
excretion.

CYP1A2 is major enzyme catalysing the formation of
17X (Butler et al.,, 1989; Sesardic et al., 1990; Berthou
el al., 1991), but only partially involved in the forma-
tion of 37X and 13X (Grant et al., 1987; Berthou et al.,
1991; Gu et al., 1992) (Fig. 1). At least three P450s,
CYP1A2Z, CYP2EL and CYP3A4 (Gu et al, 1992),
contribute to the formation of the minor metabolite
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Fig. 1. The paitern of biotransformation of caffeine in

humans. The thick arrows indicate the major pathway of the
caffeine metabolism. Symbols beside the arrows indicate
enzymes. Abbreviations: 137X, caffeine (1,3.7-trimethyl-
xanthine); 137U, 1,3, 7-trimethyluric acid; 17X, paraxan-
thine {1,7-dimethylxanthine); 13X, theophylline
{1,3-dimethylxanthine); 37X, theobromine (3,7-dimethyl-
vanthine); 170, 1,7-dimethyluric acid; 13U, 1,3-dimethyl-
uric acid; 370, 3. 7<dimethyluric acid; 1X,
1-methylxanthine; 1U, 1-methyluric acid; 3X, 3-methylvan-
thine: 3U, 3-methyluric acid; 7X, 7-methylxanthine; 70,
7-methyluric acid; AFMLU, 5-Acetylamino-6-formylaminoe-3-
methyluracil; 1A2, CYP1A2 (cytochrome P4501A2); 2E1,
CYP2E] (cytochrome P4502E1 ): 3A4, CYP3A4 (cytochrome
P4503A4); NAT, N-acetyltransferase; X0, xanthine oxidase.

1370 {Fig. 1). The demethylation of 17X to 1X is also
catalysed by CYP1A2 (Campbell i al,, 1987a; Grant et
al., 1987). Thus, CYP1A2 is a very important enzyme
for the biotransformation of caffeine, and therefore
caffeine is used as a model drug for the quantitative
measurement of CYP1A2 in vive (Kalow & Tang,
1991). At least four different urinary caffeine metabolic
ratios have been proposed: (AFMU + 1X + 1U)/170
(Campbell et al., 1987b), (17X + 17U/ 137X (Kadlubar
et al., 1990), 17X/137X (Butler et al., 1992) and
(AFMU + 1X + 10U+ 17X + 1700/1 37X imodified from
Carrillo & Benitez (1994)). However, the excretion of
both 137X and 17X depends on the urinary flow, and
besides, the 137X recovery in urine is very low (Tang
Liu et al., 1983). Alternative methods are the *C-[N3-
methyl] caffeine breath test (Kotake et al,, 1982;
Lambert et al., 1990) and measurement of the
17X/137X plasma ratio (Fuhr & Rost, 1994). However,
due to the complexity ol calfeine metabolism and the
contribution of other P450s, each of the employed
methods has its shortcomings (Kalow & Tang, 1993;
Fuhr & Rost, 1994),

The main purpose of the present study was to confirm
an expected pharmacokinetic interaction between fha-
voxamine and caffeine due to a very potent inhihition of
the CYP1 A2 catalvsed metabolism of caffeine. A second
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purpose of the study was to further substantiate a role
of fluvoxamine for the gquantitative assessment of
CYP1A2 in the biotransformation of drugs.

Materials and methods

The study was carried out as an open, randomized,
cross-over study including eight volunteers, all men
with a median age of 27 years (range 21-33 years). All
were extensive metabolizers of the model drugs spar-
teine and mephenytoin and all were non-smokers.
They had no known heart, liver, or kidney disease
according to a clinical investigation, clinical chemical/
hematological screening and ECG-test. They neither
consumed alcohol nor drugs on a regular basis at the
time of the study. The volunteers consented to partici-
pate in the study on the basis of verbal and written
information, and the study was approved by the
Regional Ethics Committee and by the Danish National
Board of Health.

Study procedure

The volunteers were randomized into two groups. One
group started with caffeine alone (Period A), and the
other group started with fluvoxamine pre-treatment for
1 week and then caffeine on day 8 (Period B). After 2
weeks without medication, the two groups changed
periods. In Period A, the volunteers abstained from all
methylxanthine-containing beverages, foods and medi-
cations for 2 days prior to and until the last blood
sample was drawn. After intake of a tablet of 200 mg
caffeine (Nycomed DAK, Denmark), blood samples
were drawn at 0.5, 1.5, 2, 2.5, 3, 4,6, 8,12, 14 and
24 h. After methylxanthine abstinence for 2 days, no
caffeine or metabolites were expected in plasma; conse-
quently, no sample at time zero was collected. Urine
was collected from Oto 12 hand from 12 to 24 h, and in
addition, a 10 ml spot urine was delivered after 5h. In
Period B, the volunteers abstained from all methylxan-
thine-containing beverages, foods and medications for
1 day prior to the administration of fluvoxamine and
until the last blood sample was drawn. During the first
4 days, the volunteers took a tablet of 50 mg fluvox-
amine (Solvay Duphar BV, Netherlands) at 8 a.m., and
during the following 8 days they took 100 mg fluvox-
amine each day. On day 8, the volunteers took 200 mg
caffeine, and the blood samples were drawn at 0.5, 1.5,
2,25 3,4, 6,8,12, 14, 24, 36, 48, 72 and 120h.
Urine was collected in four periods: 0-12, 12-24,
24-36 and 36-48 h and also, a 10ml spot urine was
delivered after 5 and 24 h. With an expected half-life of
4-5h, a cafleine dose will be excreted in the urine
within 24 h. The expected interaction between caffeine
and fluvoxamine would lead to longer half-life. There-
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fore, the urine was collected for 48 h in period B. In both
periods, the blood samples were drawn via a hep-
arinized intravenous catheter (Venflon®, Viggo Spec-
tramed, Sweden) from (~14h and thereafter by vein
puncture, The blood was drawn in EDTA containing
tubes (Terumo, Belgium), After centrifugation, the
plasma was separated and frozen at —20°C until
analysis. The sampling of 10ml urine was prepared
with 100l 28HCl in order to conserve AFMU and
frozen at —20°C until analysis. The urine volumes of the
12 hurine samples were recorded and 10 ml urine from
each sample was kept with 100 pl 20 HCI at =20°C
until analysis.

Analytic methods

Plasma and urine were analysed for caffeine and
metabolites by modifications of a previously published
HPLC assay (Vistisen et al., 1992). Genuine caffeine and
metabolites were purchased from Sigma (5t Louis, MO)
except 17U which was purchased from Fluka (Biichs,
Switzerland) and AFMU which was a kind gift from Dr
M. Arnaud (Nestlé, Switzerland). Organic solvents were
of at least analytical grade and purchased from Merck
(Darmstadt, Germany). Standards were prepared in
plasma or urine from the subjects after 3 days of
xanthine-free diet.

Briefly, 200pl of plasma or urine was extracted
with 6ml chloroform/isopropanol after addition of
120 mg ammonium sulphate. The organic phase was
dried at 40°C under nitrogen. After reconstitution of the
residue in 200 pl eluent A, 25 pl was injected on the
HPLC system consisting of the following Merck-Hitachi
Instruments (San Jose, California): 655A-40 auto-
sampler (cooled to 3°C), L-6200 intelligent pump,
L-6000 pump, T-6300 column thermostat operated at
30°C, D-6000 interphase unit and a L-4000 UV
detector operated at 280 nm. The analytic column, a
Beckman Ultrasphere ODS (5um, 25cm) (Beckman
Instruments Inc., California USA}), was eluted at 1 ml
min’ using a gradient profile. For plasma samples,
eluent A was 0.05 acetic acid, and eluent B was 30%
methanol in 0,05 acetic acid (v/v). The gradient profile
was 25% B from 0 to 10 min, a linear ramp to 100% B
at 22 min continued for 1 min and followed by a return
to 25% B for 8 min. For urine samples, eluent A was
6.5% methanol in 0.05% acetic acid pH 3.2, and eluent
B was 22% methanol in 0.05% acetic acid pH 7.0 (v/v).
The gradient profile was 100% A from O to 13 min, a
linear ramp to 20% B at 28 min, a second ramp to
100% B at 31 min continued for 3 min, and followed by
a return to 100% A for 9 min.

All plasma or urine samples from each subject were
analysed in one run and in duplicate, Quantitation was
done from peak areas using external standardization.
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Calibration graphs were linear in the relevant range.
For 137X, 37X, 13X and 17X in plasma samples, the
limit of detection was 0.1 uM and the intra-assay and
inter-assay coeflicients of variation were 3-3% and
f—8%., respectively, For caffeine and its 14 metabolites
in urine samples, the limit of detection was 0,205 p.
The intra-assay coeflicients of variation were 3-5% for
AFMU, 7X, 1U, 3X, 1X, 13U, 37X, 17U and 1371,
6-8% for 7U, 37U, 17X, 13X and 137X and 10% for
3U. The inter-assay coefficients of variation were
8-13%.

Pharmacokinetic analysis

The following pharmacokinetic parameters were calcu-

lated without {Period A} and with (Period B) concomi-
tant intake of fluvoxamine,

The total caffeine clearance:
I:lll L = I-—J“‘:::IS'::"|l‘lﬁ'.".|--]-':-1"I E?Jil'll:-'lul_l

AUC, 47y, 18 the area under the plasma concentration
time curve calculated by the trapezoidal rule with
extrapolation from the last measurable concentration
to infinity. Complete absorption of caffeine from the
intestine was assumed (Blanchard & Sawers, 1983),

feq. 1)

The partial caffeine clearance via N3-demethylation
(17X formation), Cl,,.,_,, - was calculated as:

Clyyggearsy = (17X + 170 + 1X + 10
+ AFMU)/AUC, 3540, (€q. 2)

The numerator is the amount of 17X and subsequent
metabolites recovered in urine from 0-24 h in Period A
and from 0-48h in Period B. The AUC, .., is the
corresponding AUC of cafleine. The two other partial
demethylation clearances were calculated similarly.
Thus, the partial demethylation clearance via N1-
demethylation (37X formation), Cl, .y, was calcu-
lated as:

Clyyryin = (37X + 370 + 7X
+ TUNAUC, 45 -, (eq. 3)

and the partial clearance via N7-demethylation (13X
formation), Cl,;-,,y was calculated as:

Clyyrray = (13X + 130 + 3X
+ 3UNAUC, 45y - (€q. 4)

The conversion of 17X to 7X and of 37X to 3X and of
13X to 1X is considered to be negligible,

The partial clearance via 8-hydroxylation (137U for-
mation), Cl, ;.- was calculated as:

Cliszgmarn = 137UWAUC, y7x 5.,
The renal clearance of caffeine, Cl,,,,,, was calculated as:
Clw = 137X/AUC, 4oy 0y {eq. 6)

(eq. 3)
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The partial clearance of 17X via N7-demethylation (1X
formation), Cl, 4., was calculated as:

Clypyary = (1X + 10 + APMUYAUC o, (eq. 7)

where AUC, . is the AUC of 17X from 0-24 h (Period
A)or 0-48 h (Period B). Similarly, the partial clearance
of 17X via 8-hydroxylation (17U formation), Cl ..,
was calculated as:

Cly gy = 17TU/AUC, 7y, (eq. 8}

The partial demethylation and hydroxylation clear-
ances of 37X and 13X were calculated similarly. Thus,
the partial clearance of 37X via N3-demethylation (7X
formation), Cl,.,_,., was calculated as:

Clyxapx = (7X + FUNAUC (eq. 9)

The partial clearance of 37X via 8-hydroxylation (37U
formation), Cl,,y ;- Was calculated as:

Clypgmsry = 37UIAUC, 1y, {eq. 10))

The partial clearance of 13X via N1-demethylation (3X
formation), Cl, 5, was calculated as:

Clygymsy = (3X + 3UVAUC, 3y, (eq. 11)

The partial clearance of 13X via 8-hydroxylation (13U
formation), Cl, ., was calculated as:

Clyyyarse = 13U/AUC, 1y, (eq. 12)

Eqs 2-5 and 7-12 are based on the assumption that the
rate of metabolite formation equals the rate of appear-
ance in urine,

The renal clearance of the 3 demethylated metabo-
lites, paraxanthine, Cl ., . theobromine, Cl ., i7x
and theophylline, Cl,,,, |, was calculated as:

C'I'rul:mL‘.I?X = IFXIAIIGJ THAO-t {E)q’ 13}
C]'rrrull.'!.'-".\] = 3FX!AUC3:‘Lu—t (eq. 14)
Claiax = I3X/AUC, 350, (eq. 15)

The elimination half-life of 137X was calculated as:
T, = In2/A eq. 16)

where A is the terminal log linear slope determined by
least squares regression analysis.

The volume of distribution, V, was calculated as:
V, = Clyy/h
= Dose/AUC, ;5 h (eq. 17)

In the 10 ml spot urine after 5h in both Periods and
after 24 h in Period B, the following metabolic caffeine
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ratios for assessment of N3-demethylation were
determined:

(AFMU + 1X + 1U)/17U
(eq. 18) (Campbell et al., 1987b)

17X/137X (eq. 19) (Kadlubar e al., 1990)
(17X + 1700/ 137X {eq. 20) (Butler et al., 1992)

(AFMU + 1X 4+ 10U+ 17X + 17U/ 137X
{eq. 21) (Carrillo & Benitez, 1994)

[n plasma, a caffeine metabolic ratio was calculated as
17X/137X after 6 h.

All of the pharmacokinetic parameters are reported
as median and range, and the median difference [95%
confidence interval] were calculated between Period A
(without intake of fluvoxamine) and Period B (with
concomitant intake of fluvoxamine). A 95% confidence
interval for the median difference, not including zero,
was considered statistically significant. The caffeine
metabolic ratios were compared with the Cl,,, (eq. 1)
and Clyoyo - (€Q. 2) by the Spearman's rank corre-
lation test. A p value less than 0.05 was considered
statistically significant. The statistical analysis was
carried out by use of the MEDSTAT program package,
version 2.1 (Astra Group, Albertslund, Denmark,
1988).

Results

The total, partial and renal clearances of caffeine
(calculated according to eqs 1-6) are listed in Table 1.
The median of the total caffeine clearance (eq. 1) was
107 mlmin " in Period A and 21 mlmin™" in Period B.
All the N-demethylations clearances were statistically
signficantly lower in Period B than in Period A, whereas
the decrease in the 8-hydroxylation clearance of 137X
(eg. 5) from 1.2 to 0.7mlmin~" was not statistically
significant. The median renal clearance was
unchanged at approximately 1 mlmin™".

The median of the partial N-demethylation,
8-hydroxylation and renal clearances of the three
primary demethylated metabolites formed from caffeine
are listed in Table 2. Only the N7-demethylation
clearance of 17X (1X formation) and the renal clear-
ance of 17X changed statistically significantly during
fluvoxamine.

Figure 2 shows the plasma concentration of cafleine
and its three primary demethylated metabolites with-
out and with concomitant intake of fluvoxamine. Thus,
the median half-life of caffeine was 5 h without fluvox-
amine but increased to 31 h with concomitant intake of
fluvoxamine, the median difference was 29 h and the
95% confidence interval was [14; 54|, which was
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Table 2. The median of the partial N-demethylation, 8-hydroxylation and renal clearances® of the three
primary demethylated metabolites formed from caffeine, paraxanthine {17X), theobromine (37X) and
theophylline (13X) in eight healthy subjects without {Period A) and with (Period B) concomitant intake of

fluvoxamine

Clearance (mlmin™}

Period A Period B Median difference
Median (range) Median (range) [95% confidence interval ]

N7-demethylation of 17X 41 19 -24 [-37; -14]
(32-71}) (12-49)

8-hydroxylation of 17X 12 8.4 -1.5 [-7.5: 0.1]
(7.2-22) (7.7-15)

Renal of 17X .6 5.3 -2.3 [-6.8; —0.3]
(2.7-14) (2.2-7.8)

N3-demethylation of 37X 31 8.6 -15 [-38; 11]
(14-61) (3.4-48)

S-hydroxylation of 37X 0.8 0.9 =06 [-16; 1.5]
((L2-33) {0.1-4.5)

Renal of 37X 9.4 9.7 1.3 [~4.8: 2.3]
(4.6-14) {3.4-14)

N1-demethylation of 13X 823 537 =11 [-64; 41]
[(18-1496) (24-154)

8-hvdroxylation of 13X 19 9.0 -5.0 [-13; 5.0]
(11-22) (5.2-34)

Renal of 13X 28 23 —5.0 [-37; 0.0]
(12-90) (7.8-38)

* Calcwlated according to egs 7=13.

statistically significant. The medians, median differ-
ences and [95% confidence interval] for AUC (reported
as pm-h) of the three N-demethylated metabolites and
caffeine were: 37X: Median 59 in period A (0-24 h) vs
137 in Period B {0-24 h), median difference 77 [-50;
387]: 17X: Median 104 in period A (0-24h) vs 76 in
Period B (0-24h), median difference -31 [-54; —-9];
13X: Median 15 in period A (0-24 h) vs 17 in Period B

100+

(0~24 h), median difference 3 [(0; 5]; 137X: Median 154
in period A {0-24h) vs 435 in Period B {0-24 h),
median difference 276 [147; 385].

The median of the volume of distribution was 49 1
without and 43 1 with concomitant intake of fluvox-
amine, which was not statistically significant (median
difference: —1.0 1, 95% confidence interval [-16; 11]).

Table 3 shows the medians of the 24 h urinary

Period B
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Fig. 2, The plasma concentrations of caffeine and its primary demethylated metabolites without (Period A) and with (Period B)

concomitant intake of fluvoxamine,
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Table 3. The urinary recoveries (median and range) of caffeine { 137X) and 14 of its
metabolites without (Period A) and with (Period B) concomitant intake of fluvoxamine. {For
abbreviations, see legend to Fig. 1)

=24 h recovery

(% of dose)
Period A Period B Median difference

Compound Median (range) Median {range) [95% confidence interval |

Caffeine 1.0 3.0 1.7 [0.5; 2.7]

(137X) 0.3-3.4) i1.1-4.4)

Paraxanthine 4.1 1.9 ~1.6 [-3.0; ~006]

(17X) (1.8-6.5) (0.8-4.1)

Theophylline 2.8 2.4 0.5 [-2.0; (0.8]

(13X) (0.9-6.2) (1.0-4.7)

Theobromine 2.6 5.3 2.5 [-3.5:17]

(37X) (0.9-14) i0.5-33)

1370 1.2 1.3 0.2 [-0.1; 0.5]
10.4-1.7) (0.6-2.0)

170 7.2 3.8 -3.0 [-5.6; —0.3]
i4.5-10) (2.8-8.3)

13U 1.7 1.3 0.3 [-0.9; 0.3]
(1.0-2.0) i0.6-1.9)

37U 0.4 0.6 0.1 [-2.5; 1.0]
i0.1-6.2) (0.1—4.4)

1X 6.1 1.8 -5.8 [-12; -0.5]
i(1.1-19) ((.5-3.2)

10 10 3.3 8.3 [-14: -3.0]
[5.6-20) i1.4-5.9)

3X 3.0 4.9 0.5 [-5.9; 6.9]
(1.6-16) (0.5-21)

30 2.7 2.5 0.2 [~0.8: 0.8]
(0.0—4.4) ((1L4-3.5)

X 6.1 5.6 -1.2 |-14: 2.2]
[3.5-34) (2.2-14)

iU 2.3 1.8 ~.6 [-2.8; 0.8]
(0.7-7.2) i0.4—4.2)

AFMU 4.4 1.5 -3.3 [-5.8;-2.7]
i3.4-19) (h8=11)

Total 70 44 -14 [-530: 6.7]
(41-138) (27-85)
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recoveries of caffeine and 14 of its metabolites in Period
A and in Period B. Thus, 70% (range 41-138%) of the
dose was excreted in Period A and 44% (range 27—
85%) was excreted in Period B, but the difference was
not statistically significant {median difference: —14%,
95% confidence interval [-50%: 6.7%]). The total
recovery in Period B (O0-48 h) was 94% (median) (range
47-156"%). The recoveries of all the N3-demethylation
products (17X, 170, 1X, 1U and AFMIT) were statisti-
cally significantly lower in Period B than in Period A
(Table 3). For all the metabolites arising from the N1-
and N7-demethylation pathways, there were no stat-
istically significant changes in the recoveries. The
recovery of caffeine itsell was statistically significantly
increased during intake of fluvoxamine (Table 3).

The four different urinary metabolic caffeine ratios
determined in the 5h urine samples all decreased
during intake of fluvoxamine from 3.3 to 2.1, 2.1 to
0.4,5.7to 1.1, and from 24.7 to 2.3 for (AFMU + 1X +
TUWTI7U; I7X/137X; (17X + 1700/ 137X; (AFMU +
1IX+ 11U+ 17X+ 17U)/ 137X (egs 18-21), respectively
(Fig. 3). The corresponding median differences [95%
confidence interval] were: —1.4 [-3.3; <0.2]; -1.6,
[-2.1; -1.0]; 4.6 [-8.2; -2.1]; -16 [-51; —6.0],
respectively, Also the 6h plasma 17X/137X ratio
decreased during intake of fluvoxamine from 0.7 to 0.2,
median difference: 0.5, 95% confidence interval [-0.7;
-0.3].

There was no statistically significant correlations
between any of the 5 h urinary caffeine metabolic ratios
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AFMU+1X+1U 17%

17U 137X

137X 137X

Fig. 3. Different urinary caffeine metabolic ratios performed in a urine sample collected after 5 h without (Period A, [y and
with (Period B, :2) concomitant intake of fluvoxamine (AFMU + 1X + 1U)/17U (Campbell et al., 198 7b); 17X/1 37X {Kadlubar
¢t al., 1990); (17X + 1700/ 137X (Butler et al., 1992); (AFMU + 1U + 1X + 17U + 17%)/137X—Modified from (Carrillo &

Benitez, 1994), For abbreviations see legend to Fig. 1.

and the total or the partial N3-demethylation clear-
ances of caffeine (Table 4). However, the 6 h plasma
17%/137X ratio correlated statistically significantly
with the total and the partial N3-demethylation clear-
ances both without and with concomitant intake of
fluvoxamine (Table 4).

Nearly all volunteers reported mild fatigue during
intake of fluvoxamine.

Discussion

This study demonstrates that fluvoxamine as expected
is a very potent inhibitor of the CYP1A2 mediated
metabolism of caffeine, The degree of inhibition is
similar or even more pronounced than that previously
reported for other CYP1A2 substrates such as propra-
nolol (Benfield & Ward, 1986), imipramine (Spina et al.,

1992), theophylline (Donaldson et al, 1994) and
clozapine (Hiemke et al., 1994: Jerling et al., 1994). It
was shown in an earlier study (Tarrus et al., 1987) that
the methylxanthine furafylline results in a 10-fold
increase in caffeine levels and elimination half-life.
Subsequent in vitro studies confirmed that furafylline
like fluvoxamine is a potent inhibitor of CYP1A2
(Sesardic et al., 1990). Our data confirm that caffeine is
almost exclusively (>99%) eliminated by metabolism
and that N3-demethylation is the primary oxidative
pathway although not quite as prominant as the 80%
reported previously (Lelo et al., 1986). We report that
both the total clearance and the N3-demethylation
clearance decreased by more than 80% during fluvox-
amine (Table 1), and this is consistent with CYP1A2
being a major enzyme responsible for the biotransfor-
mation of caffeine (Campbell et al., 1987a; Butler et al.,

Table 4. The correlations between total caffeine clearances of N3-demethylation clearances and the
four different 5 h urinary metabolic caffeine ratios or a 6 h plasma ratio in eight healthy subjects

N 3-demethylation

Total clearance clearance
Period A Period B Period A Period B
Ris)-values

Urine
{AFMU + 1X + 10170 0.333 0,405 0,476 0.423
17X/137X 0,119 0,524 0.071 0.685
(17X + 17U137X 0476 {1,595 0.524 0.589
(AFMU + 1X + 10+ 17X + 17U0)/ 137X 0.429 0.335 ().5348 0.625
Plasma:
17X/137X 0.786p* 0,833+ 0.905* 0.946**

* Significance level (two-tailed test) p < 0.05,
*= Significance level (two-tailed test) p < 0,01,
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1989). The volume of distribution did not change
during fluvoxamine, and accordingly, the median of
the elimination half-life increased from 5 to 31 h (Fig.
2). The N1- and N7-demethylations of caffeine as well
as the N7-demethylation of paraxanthine were also
inhibited by fluvoxamine although to a lesser degree
than the inhibition of caffeine N3-demethylation
(Tables 1 and 2). Thus, our data support the suggestion
that CYP1 A2 also catalyses the formation of 37X, 13X
and 1X (Fig. 1) but that other P450s are equally
important (Gu et al., 1992). The results of the present
pharmacokinetic investigation neither supports a role
of CYP1A2 for the 8-hydroxylation of caffeine nor the
demethylations and hydroxylations of 37X and 13X
(Table 2). The latter is somewhat surprising since
fluvoxamine is a potent inhibitor of both the 8-hydroxy-
lation and the N1-demethylation of theophylline in
human liver microsomes in vitro (Rasmussen et al.,
1995} but the reason for this discrepancy is not clear,

Fluvoxamine is a moderate inhibitor of CYD2D6 in
vitro (Crewe et al., 1992; Skjelbo & Brosen, 1992) and in
vivo (Spina et al., 1992), It is also a moderate inhibitor of
CYP2C19 in vive (data to be published), but does not
inhibit CYP1AL, CYP2A6, CYP2EL or CYP3A4 in vitro
(Rasmussen et al., 1995). To our knowledge, inhibition
of CYP2C19 has not been examined in vitro. Thus,
CYP1AZ2 seems to be the only P450 that is inhibited
very potently by fluvoxamine. Hence, our study con-
firms that it is a major enzyvme catalysing the bio-
transformation of caffeine in  particular the
N3-demethylation, and that assessment of this path-
way may serve as a biomarker for CYP1A2,

Indeed, all four urinary metabolic ratios for caffeine
N3-demethylation decreased statistically significantly
with concomitant intake of fluvoxamine (Fig. 3), and
this confirms that they all are measures of CYP1A2,
None of the four ratios correlated with either the total
or the N3-demethylation clearance (Table 4). An
important reason is that the sample number was low
(n = 8) and the CYP1A2 variability was limited within
the sample, and hence, the possibility of a type-2 error
must be considered.

Cafleine is an adenosine receptor antagonist and, in
very high concentrations, cafleine also rules out the
direct release of intracellular calcium and inhibits the
cyclic nucleotide phosphodiesterases  (Fredholm,
1995}. Hence, the pharmacodynamic effects of caffeine
include elevation of blood pressure, increased plasma
renin and increased plasma catecholamine levels.
Thus, the symptoms of caffeine intoxication are tremaor,
restlessness, palpitations, nausea, sleeplessness and
increased anxiogenic effects. Further, it has been
shown (Charney et al., 1985) that patients with panic
disorders have increased sensitivity to the CNS-effects of
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calleine, Psychiatric patients often consume high quan-
tities of cafleine-containing beverages [(Winstead,
1976), and although not shown directly in the present
pharmacokinetic investigation, our data clearly point
to the possibility of caffeine intoxication during fluvox-
amine treatment. Cafleine intoxication during fluvox-
amine treatment could be a disregarded adverse effect
leading to discontinuation of the drug. It is, therefore,
recommended that patients on fluvoxamine should
restrict their intake of caffeine, tea and coca-cola or
drink decaffeinated coffee, but further clinical studies
are required.

In conclusion, we report that fluvoxamine is, as
expected, a very potent inhibitor of caffeine metabolism
and our data provide additional evidence that fluvox-
amine is a useful tool for the quantitative determination
of the role of CYP1A2 in drug oxidation (Brosen et al.,
1993; Rasmussen ¢t al., 1995),

Acknowledgement

This work was supported by grants from the Danish
Medical Research Council (Ref. No. 12-9206), and by
The Psychiatric Research Foundation.

References

Benfield P, Ward A. Fluvoxamine. A review of its pharmacodynamic
and pharmacokinetic properties, and therapeutic efficacy in
depressive illness. Drugs 1986: 32, 313-334.

Berthou F, Flincis JP, Ratanasavanh D. Beaune P, Riche C.
Guillouze A. Evidence for the involvement of several cyto-
chromes P-450 in the first steps of caffeine metabolism by
human liver microsomes. Drug Metab Dispos Biol Fate Chem
1991: 19, 561-367,

Blanchard ], Sawers S]A. Comparative pharmacokinetics of caffeine
in young and elderly men, | Pharmacokin Biopharmacol 1983
11, 109-126,

Brosen K, Skjelbo E, Rasmussen BE, Poulsen HE, Loft 5. Fluvox-
amine is a polent inhibitor of cytochrome P4501A2, Biochem
Pharmacol 1993: 45, 1211-1214,

Butler MA, Iwasaki M, Guengerich FP, Kadlubar FF. Human
cylochrome P-450P4 (P-4501A2), the phenacetin O-deethy-
lase, is primarily responsible for the hepatic 3-demethylation of
calleine and N-oxidation of carcinogenic arvlamines, Proc Natl
Acad Scf USA 1989 86, 7AY96-7700,

Butler MA, Lang NP, Young JF, Caporaso ME. Vinels P, Hayes RB,
Teitel CH, Massengill P, Lawsen MF, Kadlubar FF. Determi-
nation of CYP1A2 and NAT2 phenotypes in human popu-
lations by analysis of caffeine urinary  metabolites.
Pharmacogenetics 1992: 2, 116-127.

Campbell ME, Grant DM, Inaba T, Kalow W, Biotransformation of
caffeine, paraxanthine, theophylline, and theobromine by
polycyelic  aromatic  hydrocarbon-inducible  cytochrome(s)
P-450 in human liver microsomes. Drug Metah Dispos Biol Fate
Chem 1987a; 15, 237-249,

Campbell ME, Spielberg 5P, Kalow W. A urinary metabolite ratio
that reflects svstemic caffeine clearance. Clin Pharmacol Ther
1987b: 42, 157-165.



222

Carrillo JA, Benitez J. Calleine metabolism in a healthy Spanish
population: M-acetylator phenotype and oxidation pathways.
Clire Pharmacol Ther 1994: §5, 293-304.

Charney DS, Heninger GR. Jatlow PL Increased anxiogenic effects of
caffeine in panic disorders. Arch Gen Psychiairy 1985: 42,
233-243,

Crewe HE, Lennard M3, Tucker GT, Woods FR, Haddock RE. The
effect of selective serotonin re-uptake inhibitors on cytochrome
P4502D6 (CYP2D6) activity in human liver microsomes, Br |
Clin Pharmeacol 1992: 34, 262-2A35,

Donaldson KM, Wright DM, Mathlener IS, Harry JD. The effect
Auvoxamine at steady state on the pharmacokinetics of
theophylline after a single dose in healthy male volunteers.
Proceedings of the Board Pharmaceutival Specialities 1994 5-7
January, 492P.

Fredholm BB, Adenosine, adenosine receptors and the actions of
cafleine. Pharmacol Toxicol 1995: 76, 93-101,

Fuhr U, Rost KL, Simple and reliable CYP1A2 phenotyping by the
paraxanthine/calleine ratio in plasma and in saliva. Pharmaco-
genetics 1994 4, 109-116.

Grant DM, Campbell ME, Tang BK, Kalow W. Biotransformation of
caffeine by microsomes from human liver, Kinetics and
inhibition studies. Biochem Pharmacol 1987: 36, 12511260,

Cu L, Gonzalez F]. Kalow W, Tang BE. Biotransformation of
caffeine, paraxanthine, theobromine and theophylline by
eDMNA-expressed human CYP1A2 and CYPZEL. Pharmacoge-
netics 1992: 2, 73-77.

Hiemke C, Welgmann H, Hirtter 8, Dahmen N, Wetzel H, Miiller H.
Elevated levels of clozapine in serum after addition of fluvox-
amine, [ Clin Psychopharmacol 1994: 14, 279-281,

Jerling M, Lindstrom L, Bondesson U, Bertilsson L. Fluvoxamine
inhibition and carbamagepine induction of the metabolism of
clogapine: evidence from a therapeutic drug monitoring ser-
vice, Ther Drug Monit 1994 16, 368-374,

Kadlubar FF, Talaska G, Butler MA, Teitel CH, Massengill JP, Lang
NP. Determination of carcinogenic arvlamine N-oxidation
phenotype in humans by analysis of calleine urinary metabo-
lites. Prog Clin Biol Res 1990: 3408, 107-114.

Kalow W. Tang BK, Use of caffeine metabolite ratios to explore
C¥P1A2 and xanthine oxidase activities, Clin Pharmacol Ther
1991: 50, 508-519.

Kalow W. Tang BK. The use of caffeine for enzyme assays: a critical
appraisal. Clin Pharmacol Ther 1993: §3, 503-514,

Jeppesen et al.

Kotake AN, Scheeller DA, Lambert GH, Baker AL, Schaffer DD,
Josephs H, The caffeine CO, breath test: dose response and
route of N-demethylation in smokers and nonsmokers, Clin
Pharmacel Ther 1982: 32, 261-269,

Lambert GH, Schoeller DA, Humphrey HE, Kotake AN, Lietz H,
Campbell M, Kalow W, Spielberg SP, Budd M. The cafleine
breath test and caffeine urinary metabolite ratios in the
Michigan cohort exposed to polybrominated biphenyls: a
preliminary  study. Environ  Health Perspect  1990: 89,
175-181,

Lelo A, Birkett D], Robson RA, Miners J0. Comparative pharmaco-
kinetics of caffeine and its primary demethylated metabolites
paraxanthine, theobromine and theophylline in man, Br J Clin
Pharmacel 1986: 22, 177-182.

Lemoine A, Gautier JC, Azoulay D, Kiffel L, Belloc C, Guengerich FP,
Maurel P, Beaune P, Leroux JP. Major pathway of imipramine
metabolism is catalyzed by evtochromes P-450 1A 2 and P-450
3A4 in human liver. Mal Pharmacol 1993 43, 827-832,

Rasmussen BB, Maenpaa [, Pelkonen O, Loft S, Poulsen HE,
Lykkesfeldt ], Brosen K. Selective serotonin renpiake inhibitors
and theophylline metabolism in human liver microsomes:
potent inhibition by fluvoxamine. Br | Clin Pharmacol 1995;
39, 151-159,

Sesardic [, Boobis AR, Murray BP, Murray 8, Segura |, de la Torre R,
Davis DS, Furafylline is a potent and selective inhibitor of
cytochrome P430IA2 in man. Br | Clin Pharmacol 1990: 29,
f51-663.

Skjelbo E, Brosen K. Inhibitors of imipramine metabolism by human
liver microsomes. Br [ Clin Pharmacol 1992: 34, 256-261.

Spina E, Campo GM, Avenoso A, Pollicino MA, Caputi AP,
Interaction between fluvoxamine and imipramine/desipra-
mine in four patients. Ther Drug Monit 1992 14, 194-196.

Tang Liu DD, Williams RL, Riegelman S, Disposition of caffeine and
its metabolites in man, | Pharmacol Exp Ther 1983: 224,
180-185.

Tarrus E, Cami ], Roberts 1, Spickett RG, Celdran E. Segura |.
Accumulation of caffeine in healthy volunteers treated with
furafylline. Br | Clin Pharmacol 1987: 23, 9-18,

Vistisen K. Poulsen HE, Loft 5. Foreign compound metabolism
capacity in man measured from metabalites of dietary calleine,
Carcinogenesis 1992 13, 1561-1568,

Winstead DE. Collee consumption among psychiatric inpatients,
Am | Psychiatry 1976: 133, 144714501,



