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iprofloxacin greatly increases
oncentrations and hypotensive effect of
izanidine by inhibiting its cytochrome
450 1A2–mediated presystemic
etabolism

Background and Objective: Tizanidine, a centrally acting skeletal muscle relaxant, is metabolized mainly by
cytochrome P450 (CYP) 1A2 and has a low oral bioavailability. The fluoroquinolone antibiotic ciprofloxacin
is only a moderately potent inhibitor of CYP1A2. Our objective was to study the extent and mechanism of a
possible interaction of ciprofloxacin with tizanidine.
Methods: In a double-blind, randomized, 2-phase crossover study, 10 healthy volunteers ingested 500 mg
ciprofloxacin or placebo twice daily for 3 days. On day 3, a single dose of 4 mg tizanidine was ingested 1 hour
after the morning dose of ciprofloxacin. Plasma concentrations of tizanidine and ciprofloxacin and pharma-
codynamic variables were measured. A caffeine test was used as a marker for CYP1A2 activity.
Results: Ciprofloxacin increased the area under the plasma concentration–time curve from time 0 to infinity
[AUC(0-�)] of tizanidine by 10-fold (range, 6-fold to 24-fold; P < .001) and its peak concentration by
7-fold (range, 4-fold to 21-fold; P < .001), whereas its elimination half-life was only prolonged from 1.5 to
1.8 hours (P � .007). The pharmacodynamic effects of tizanidine were much stronger during the ciprofloxa-
cin phase than during the placebo phase with regard to changes in systolic blood pressure (�35 mm Hg versus
�15 mm Hg, P � .001), diastolic blood pressure (�24 mm Hg versus �11 mm Hg, P < .001), Digit Symbol
Substitution Test (P � .02), subjective drug effect (P � .002), and subjective drowsiness (P � .009). The
AUC(0-�) of tizanidine and its change correlated (P < .01) with the caffeine/paraxanthine ratio and its
change.
Conclusions: Ciprofloxacin greatly elevates plasma concentrations of tizanidine and dangerously potentiates
its hypotensive and sedative effects, mainly by inhibiting its CYP1A2-mediated metabolism, at least when
administered 1 hour before tizanidine. Tizanidine seems to be a useful probe drug for measuring presystemic
metabolism by CYP1A2. Care should be exercised when tizanidine is used concomitantly with ciprofloxacin.
(Clin Pharmacol Ther 2004;76:598-606.)

Marika T. Granfors, MB, Janne T. Backman, MD, Mikko Neuvonen, MSc, and
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Tizanidine is a centrally acting skeletal muscle re-
axant and �2-adrenergic agonist.1 It is prescribed for
he symptomatic treatment of musculoskeletal pain as-
ociated with increased muscle tension, chronic spas-
icity, and chronic headache.1,2 The oral bioavailability
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f tizanidine is low as a result of extensive first-pass
etabolism.3,4 Cytochrome P450 (CYP) 1A2 has been

ound to be the principal CYP enzyme involved in
izanidine metabolism in vitro.5 In our recent study,
uvoxamine, a potent inhibitor of CYP1A2 and
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YP2C19 and a moderate inhibitor of CYP3A4,
YP2C9, and CYP2D6, drastically increased plasma
oncentrations and effects of tizanidine.6

Ciprofloxacin, a widely used broad-spectrum fluoro-
uinolone antimicrobial agent, is a moderately potent
nd selective inhibitor of CYP1A2-mediated drug me-
abolism.7,8 Ciprofloxacin has been found to impair the
limination of theophylline,9,10 caffeine,11 clozapine,12

nd ropivacaine.13 In general, the extent of the interac-
ion by ciprofloxacin has been considerably smaller
han that caused by fluvoxamine; yet there seem to be
o direct comparisons of their effects on orally admin-
stered CYP1A2 substrates, particularly on those with
xtensive first-pass metabolism. Ciprofloxacin, at a
oncentration approximately 30-fold higher than the
eak plasma concentration in humans, inhibited the
etabolism of tizanidine in human liver microsomes by

nly about 30%, whereas fluvoxamine, at therapeutic
oncentrations, had a strong inhibitory effect on tizani-
ine elimination.5 Ciprofloxacin considerably differs
rom fluvoxamine with respect to its shorter half-life (3
o 4 hours versus 7 to 60 hours), better water solubility,
nd smaller extent of metabolism.14 Therefore it was
ot possible to reliably predict the interaction potential
f ciprofloxacin with orally administered tizanidine.
ccordingly, a carefully controlled study was con-
ucted in healthy subjects to explore the extent and
echanism of a possible interaction between cipro-
oxacin and tizanidine, a CYP1A2 substrate with ex-

ensive presystemic metabolism.

ETHODS
Subjects. Ten healthy male volunteers (age range,

2-28 years; weight range, 67-96 kg) participated in the
tudy after giving written informed consent. Male sub-
ects were chosen to avoid possible effects of menstrual
ycle phases on tizanidine pharmacokinetics. The vol-
nteers were ascertained to be healthy by medical his-
ory, physical examination, and routine laboratory tests
efore entering the study. For safety reasons, subjects
ith a systolic blood pressure lower than 110 mm Hg
ere excluded from the study. None of the subjects
ere tobacco smokers, and none used any continuous
edication.
Study design. The study protocol was approved by

he Ethics Committee for Studies in Healthy Subjects of
he Hospital District of Helsinki and Uusimaa, Finland,
nd the Finnish National Agency for Medicines, Hel-
inki, Finland. A double-blind, randomized, 2-phase
rossover study with a washout period of 3 weeks was
arried out. The volunteers received 500 mg ciprofloxa-

in (two 250-mg Ciproxin tablets; Bayer, Leverkusen, h
ermany) or matched placebo twice daily at 8 AM and
t 8 PM for 3 days. On day 3, after an overnight fast, a
ingle oral dose of 4 mg tizanidine (one 4-mg Sirdalud
ablet; Novartis Pharma, Wehr, Germany) was admin-
stered with 150 mL of water at 9 AM. A standard meal
as served 3 and 7 hours after tizanidine ingestion.
rinking of grapefruit juice and tobacco smoking were
ot allowed for 1 week before each study day. Alcohol
nd drinks containing caffeine were not permitted on
he study days.

On the days of administration of tizanidine, a
orearm vein of each subject was cannulated with a
lastic cannula and kept patent with an obturator.
imed blood samples were drawn before the admin-

stration of tizanidine and at 20, 40, 60, and 90
inutes and 2, 3, 4, 5, 7, 9, 12, and 24 hours later.
lood samples (10 mL each) were taken into ethyl-
nediaminetetraacetic acid– containing tubes. Plasma
as separated within 30 minutes and stored at
40°C until analysis.
The pharmacodynamic variables were assessed be-

ore administration of tizanidine and immediately after
ach blood sampling, up to 24 hours. The systolic and
iastolic blood pressures and heart rate were measured
wice from the forearm with the subject in a sitting
osition, and the mean value was used in the calcula-
ions. The blood pressures and heart rates were mea-
ured with an automatic oscillometric blood pressure
onitor (HEM-711; Omron Healthcare, Hamburg,
ermany). Before the study started, the volunteers were

rained properly to perform 3 psychomotor tests.15,16 In
he Digit Symbol Substitution Test (DSST), the number
f digits correctly substituted in 2 minutes was re-
orded, to measure the alertness of the participants.
ubjective drowsiness and subjective overall drug ef-
ect were measured by use of 100-mm-long horizontal
isual analog scales.
The subjects were under direct, close medical super-

ision during the days of administration of tizanidine.
luids for intravenous infusion were available for im-
ediate use, but they were not needed.
CYP1A2 activity assessment: Caffeine test. To eval-

ate the possible association between CYP1A2 activity
nd tizanidine pharmacokinetics, a caffeine test was
erformed on the second day of pretreatment during
oth phases.17-19 The subjects ingested 100 mg caffeine
one 100-mg Cofi-Tabs tablet; Vitabalans, Hämeen-
inna, Finland) at 9 AM, after having abstained from
affeine intake for at least 12 hours, and a blood sample
or analysis of plasma caffeine and paraxanthine (1,7-
imethylxanthine) levels was taken from each subject 6

ours after caffeine intake.
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Laboratory and statistical analyses. Plasma tizani-
ine concentrations were quantified by use of the PE
CIEX API 3000 liquid chromatography–tandem mass
pectrometry system (Sciex Division of MDS Inc, To-
onto, Ontario, Canada). Chromatography was per-
ormed on an XTerra RP C18 column (3.9 � 100 mm;

aters Corp, Milford, Mass) by use of gradient elution.
he mobile phase consisted of 10-mmol/L ammonium
cetate (pH 9.5, adjusted with 25% ammonia solution)
nd acetonitrile. The mass spectrometer was operated
n the atmospheric pressure chemical ionization mode
ith positive ion detection, and the ion transition mon-

tored was mass-to-charge ratio (m/z) 254 to m/z 44.
his transition represents the product ion of the

M�H]� ion. The limit of quantification for tizanidine
as 0.02 ng/mL, and the day-to-day coefficients of
ariation (CV) were 6.0% at 0.1 ng/mL, 3.2% at 1.0
g/mL, and 4.5% at 10 ng/mL (n � 6). Ciprofloxacin
id not interfere with the determination of plasma tiza-
idine concentrations. The plasma concentrations of
iprofloxacin were determined by HPLC.20 The limit of
uantification was 0.1 mg/L, and the day-to-day CVs
ere 5.3% at 0.2 ng/mL and 1.0% at 6.0 ng/mL (n �
). Plasma caffeine and paraxanthine concentrations
ere determined by HPLC, with �-hydroxy-

thyltheophylline used as the internal standard.21,22 The
ay-to-day CV of caffeine and paraxanthine was less
han 6% at relevant concentrations.

The pharmacokinetics of tizanidine was character-
zed by peak concentration in plasma (Cmax), time to

max (tmax), area under the plasma concentration–time
urve (AUC) from time 0 to infinity [AUC(0-�)], and
limination half-life (t½). The terminal log-linear part
f the concentration-time curve was visually identified
or each subject. The elimination rate constant (ke) was

able I. Pharmacokinetic variables of 4 mg tizanidine
iprofloxacin or placebo twice daily for 3 days

Variable
Placebo phase

(control)

Cmax (ng/mL) 1.2 � 0.8
% of control and range 100

tmax (min) 60 (40 to 120)
t½ (h) 1.5 � 0.2

% of control and range 100
AUC(0-�) (ng · h/mL) 3.4 � 2.3

% of control and range 100

Data are given as mean � SD or mean (95% CI), with tmax data given as m
CI, Confidence interval; Cmax, peak concentration in plasma; tmax, time

oncentration–time curve from time 0 to infinity.
etermined with the use of linear regression analysis of w
he log-linear part of the plasma concentration–time
urve. The t½ was calculated by the following equation:

½ � ln2/ke. The AUC values were calculated by use of
he linear trapezoidal rule for the rising phase of the
izanidine plasma concentration–time curve and the
og-linear trapezoidal rule for the descending phase,
ith extrapolation to infinity, when appropriate, by
ivision of the last measured concentration by ke. The
harmacokinetics of ciprofloxacin was characterized by

max and the AUC from 0 to 10 hours after the 8 AM

ose of ciprofloxacin on day 3 [AUC(0-10)].
Results are expressed as mean � SD. The pharma-

okinetic and pharmacodynamic variables after the 2
retreatments were compared by repeated-measures
NOVA with treatment sequence as a factor or, in the

ase of tmax, with the Wilcoxon signed rank test. For all
ariables except tmax, 95% confidence intervals (CIs)
ere calculated on the mean differences between the
lacebo and ciprofloxacin phases. The Pearson corre-
ation coefficient was used to investigate possible rela-
ionships between the tizanidine and ciprofloxacin
harmacokinetic variables and the plasma caffeine/
araxanthine concentration ratio, as well as between the
lasma concentrations of tizanidine and the pharmaco-
ynamic variables measured. All data were analyzed
ith the statistical program Systat for Windows, ver-

ion 6.0.1 (SPSS Inc, Chicago, Ill). The differences
ere considered statistically significant at P 	 .05.

ESULTS
Pharmacokinetics of tizanidine. Ciprofloxacin greatly

aised the plasma concentrations of tizanidine (Table I
nd Fig 1). The mean AUC(0-�) of tizanidine was
ncreased to 980% (P 	 .001) and the peak concentra-
ion to 660% (P 	 .001) by ciprofloxacin compared

healthy volunteers after pretreatment with 500 mg

rofloxacin
phase

Difference between
phases and 95% CI P value

.2 � 2.6 7.0 (5.7 to 8.4) 	.001
64 to 2080)
0 to 120) .6
8 � 0.3 0.3 (0.1 to 0.6) .007
4 to 147)
.1 � 9.8 29.7 (23.6 to 35.8) 	.001
63 to 2390)

ge).
peak concentration in plasma; t½, half-life; AUC(0-�), area under plasma
in 10

Cip

8
664 (3
75 (4

1.
123 (9

33
976 (5

edian (ran
to reach
ith placebo. A large increase in the AUC(0-�) (range,
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-fold to 24-fold) and peak concentration (range, 4-fold
o 21-fold) was seen in every subject (Fig 2). However,
he mean elimination half-life of tizanidine was pro-
onged only slightly by ciprofloxacin (ie, from 1.5 to
.8 hours; P � .007). The tmax of tizanidine was not
hanged significantly by ciprofloxacin.

Pharmacodynamics of tizanidine. The increased
oncentrations of plasma tizanidine during the cipro-
oxacin phase were accompanied by much stronger
harmacodynamic effects than during the placebo
hase (Table II and Fig 3). During the ciprofloxacin
hase, the mean values (�SD) of the lowest systolic
nd diastolic blood pressure were 90 � 9 mm Hg and
5 � 7 mm Hg, respectively, which are considerably
ess than the corresponding mean values of the lowest
lood pressures during the placebo phase (106 � 6 mm
g [P 	 .001] and 66 � 4 mm Hg [P 	.001]). In the

iprofloxacin phase the maximal decreases from base-
ine values in systolic and diastolic blood pressures
�35 � 12 mm Hg and �24 � 6 mm Hg, respectively)
ere greater than in the placebo phase (�15 � 8 mm
g [P � .001] and �11 � 7 mm Hg [P 	 .001],

espectively). In addition, in the ciprofloxacin phase the
erformance on the DSST was poorer (P � .02) and
ubjective drug effect (P � .002) and drowsiness (P �

Fig 1. Mean (�SD) plasma concentrations o
dose of 4 mg tizanidine, after treatment with p
Open circles, Tizanidine during placebo; solid
the same data on a semilogarithmic scale. Tim
after the last dose of ciprofloxacin).
009) were increased. There was no significant differ- t
nce in heart rate between the 2 phases. The correla-
ions between the plasma concentration of tizanidine
nd the change from baseline value in systolic blood
ressure (r � �0.78) (Fig 4, A), diastolic blood pres-
ure (r � �0.72), subjective drowsiness (r � 0.56),
ubjective drug effect (r � 0.72), and DSST (r �
0.55) were significant (P 	 .001).
Caffeine test. The plasma caffeine/paraxanthine ra-

io was 1.5 � 0.5 in the placebo phase and 3.1 � 1.7 in
he ciprofloxacin phase; that is, ciprofloxacin increased
he plasma caffeine/paraxanthine concentration ratio by
.1-fold (P � .005). The AUC(0-�) of tizanidine dur-
ng the placebo phase correlated with the caffeine/
araxanthine ratio during the placebo phase (r � 0.90,
	 .001) (Fig 4, B). In addition, the effect of cipro-

oxacin on the AUC(0-�) of tizanidine correlated with
ts effect on the caffeine/paraxanthine ratio (r � 0.76,

� .008) (Fig 4, C).
Concentrations of ciprofloxacin. The AUC(0-10)

nd Cmax of ciprofloxacin were 7.8 � 1.1 ng · h/mL and
.4 � 0.2 mg/L, respectively, and varied 1.6- and
.5-fold between the individual subjects. There was a
ignificant correlation between the AUC(0-10) of cip-
ofloxacin and the caffeine/paraxanthine ratio during

ine in 10 healthy volunteers after single oral
r 500 mg ciprofloxacin twice daily for 3 days.
tizanidine during ciprofloxacin. Inset depicts
rs to administration of tizanidine (ie, 1 hour
f tizanid
lacebo o
circles,
e 0 refe
he placebo phase (r � 0.74, P � .01).



d
t
t
T
T
a

D

h
d
a
fl
f
fl
t
j
c
h
I
(
a
l

a
s
t
a
i
s
A
o
C
d
s
p
f
p

t
t
s
c
f
m
fl
c
e
w
t
t

F
(
p
[
s
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Adverse effects. All 10 subjects were somnolent and
izzy for about 3 hours after tizanidine intake during
he ciprofloxacin phase. They had difficulties in fixating
he eyes and concentrating on the psychomotor tests.
hree of the subjects reported dryness of the mouth.
hese adverse effects were much milder or undetect-
ble during the placebo phase.

ISCUSSION
Ciprofloxacin, at a usual dose of 500 mg twice daily,

ad a strong pharmacokinetic interaction with tizani-
ine. However, this interaction differed qualitatively
nd quantitatively from the recently described
uvoxamine-tizanidine interaction6 and quantitatively
rom the previously published interactions of cipro-
oxacin with other drugs.9-13 Ciprofloxacin increased

he AUC(0-�) of tizanidine by 10-fold, in some sub-
ects by up to 24-fold, and the Cmax by 7-fold, but in
ontrast to the effect of fluvoxamine, the elimination
alf-life of tizanidine was prolonged only marginally.
n previous reports, ciprofloxacin has only moderately
less than 2-fold) increased the AUC of other drugs that
re metabolized by CYP1A2, including theophyl-
ine,9,10 caffeine,11 clozapine,12 and ropivacaine.13

CYP1A2 is extensively expressed in the human liver
nd can also be expressed in some extrahepatic tissues,
uch as the gastrointestinal tract.23 Tizanidine is me-
abolized mainly by CYP1A2, and ciprofloxacin even
t high concentrations only moderately inhibits its elim-
nation by human liver microsomes in vitro.5 In this
tudy significant correlations were found between the
UC(0-�) of tizanidine and the caffeine test (an index
f CYP1A2 activity) and their changes (Fig 4, B and
). However, the correlations between the t½ of tizani-
ine and the caffeine test were not significant (data not
hown). Thus CYP1A2 seems to be crucial in the
resystemic metabolism of tizanidine, whereas other
actors may also be important during the elimination
hase.
The effect of ciprofloxacin on the caffeine/paraxan-

hine ratio was much weaker (2.1-fold increase) than
hat of fluvoxamine (13-fold increase) in our recent
tudy.6 Both ciprofloxacin and fluvoxamine greatly in-
reased the AUC (10-fold and 33-fold) and Cmax (7-
old and 12-fold) of tizanidine, but only fluvoxamine
arkedly prolonged its t½ (from 1.5 to 4.3 hours by
uvoxamine versus from 1.5 to 1.8 hours by ciprofloxa-
in). Thus the effect of ciprofloxacin on the systemic
limination of tizanidine (and caffeine) was small,
hereas its effect on the CYP1A2-mediated presys-

emic metabolism, reflected by the Cmax and AUC of
ig 2. Individual values for peak concentration in plasma
Cmax) (A), elimination half-life (t½) (B), and area under
lasma concentration–time curve from time 0 to infinity
AUC(0-�)] (C) of tizanidine in 10 healthy volunteers after
ingle oral dose of 4 mg tizanidine, after treatment with
izanidine, was considerable. The strong presystemic
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nhibition of CYP1A2 could be explained by the high
oncentrations of ciprofloxacin in the gastrointestinal
all and liver at the time of tizanidine ingestion (1 hour

fter ciprofloxacin). Consequently, the time interval
etween the ingestion of ciprofloxacin and tizanidine
ight affect the extent of interaction. The small effect

f ciprofloxacin, compared with that of fluvoxamine, on
he half-life of tizanidine and on the caffeine test can be
result of the shorter half-life of ciprofloxacin (3 to 4

ours versus 7 to 60 hours for fluvoxamine), as well as
ts smaller inhibitory potency for CYP1A2. Theoreti-
ally, the effect of fluvoxamine on CYP enzymes other
han CYP1A2 could also contribute to its stronger
ffect on tizanidine pharmacokinetics.

The oral bioavailability of tizanidine in humans has
een estimated to average 21% as a result of extensive
rst-pass metabolism.4 According to the product infor-
ation regarding Zanaflex (Elan Corporation, plc,
ublin, Ireland), the oral bioavailability of tizanidine is

s high as 40%.24 Yet the exact value is not known
ecause tizanidine was not given intravenously.4 The
-fold increase in the Cmax of tizanidine by ciprofloxa-
in in our current study and the previously reported
2-fold increase in tizanidine Cmax by fluvoxamine6

trongly suggest that the oral bioavailability of tizani-

able II. Baseline values and effects of tizanidine on
lacebo and ciprofloxacin phases

Variable Placebo phase

Systolic blood pressure (mm Hg)
At baseline 122 � 8
Minimum after tizanidine 106 � 6

Diastolic blood pressure (mm Hg)
At baseline 76 � 7
Minimum after tizanidine 66 � 4

Heart rate (beats/min)
At baseline 54 � 11
Minimum after tizanidine 47 � 8

VAS: Drowsiness (mm)
At baseline 44 � 24
Maximum after tizanidine 56 � 19

VAS: Drug effect (mm)
At baseline 0 � 0
Maximum after tizanidine 8 � 7

DSST (symbols/2 min)
At baseline 104 � 9
Maximum after tizanidine 94 � 9

Data are given as mean � SD or mean and 95% CI.
VAS, Visual analog scale; DSST, Digit Symbol Substitution Test.
ine averages less than 20%, probably about 10% to l
5%, at least in young male subjects. Furthermore,
here seems to be a considerable interindividual varia-
ion in the presystemic metabolism of tizanidine, which
xplains the large (more than 6-fold) range in the in-
reases in the Cmax and AUC of tizanidine by cipro-
oxacin.
Tizanidine could be a sensitive probe drug for study-

ng CYP1A2 activity in humans both under baseline
onditions and after administration of potential inhibi-
ors of CYP1A2. The Cmax and AUC of tizanidine, a
igh-extraction drug, seem to (inversely) reflect mainly
resystemic CYP1A2 activity. On the other hand, the
learance of caffeine, a drug with no presystemic me-
abolism,25 reflects principally systemic elimination by
YP1A2. It would be interesting to compare tizanidine
ith other potential probes of CYP1A2 such as mela-

onin, which also has extensive presystemic metabo-
ism.26

Ciprofloxacin is eliminated mainly in the unchanged
orm, with about 30% of the dose being metabolized. In
his study there was a significant correlation between
he AUC(0-10) of ciprofloxacin and the caffeine/parax-
nthine ratio during the placebo phase. This finding
uggests that CYP1A2 is also involved in the metabo-

ressure, heart rate, and psychomotor tests during

Ciprofloxacin
phase

Difference between
phases and 95% CI P value

124 � 7 3 (�3 to 8)
90 � 9 �17 (�24 to �10) 	.001

78 � 5 2 (�1 to 6)
55 � 7 �11 (�15 to �7) 	.001

54 � 11 0 (�5 to 5)
48 � 8 1 (�3 to 4) .7

52 � 13 8 (�12 to 27)
82 � 13 26 (9 to 43) .009

0 � 0 0
46 � 27 38 (19 to 56) .002

104 � 10 1 (�1 to 3)
86 � 13 �8 (�15 to �2) .02
blood p
ism of ciprofloxacin.
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During the ciprofloxacin phase, ingestion of 4 mg
izanidine resulted within 1 to 2 hours in significant
ypotension, which lasted for hours and was not

Fig 3. Mean � SD systolic and diastolic blo
subjective drowsiness and drug effect (visua
Substitution Test (DSST) after 4-mg oral dose
500 mg ciprofloxacin twice daily for 3 days. O
tizanidine during ciprofloxacin.
ccompanied by compensatory tachycardia. In addi- t
ion, the volunteers were somnolent and dizzy and
heir psychomotor performance was reduced for
bout 3 hours after tizanidine administration during

ure (RR) and heart rate values, recordings of
scale [VAS]), and results of Digit Symbol

idine following pretreatment with placebo or
les, Tizanidine during placebo; solid circles,
od press
l analog
of tizan
pen circ
he ciprofloxacin phase. Ciprofloxacin itself is not
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nown to lower blood pressure or to have a sedative
ffect. In this study it did not cause any significant

ig 4. Relationship between plasma concentration of tizani-
ine and change from baseline in systolic blood pressure (A)
nd between AUC(0-�) of tizanidine during placebo and
affeine/paraxanthine ratio during placebo (B), as well as
etween increase caused by ciprofloxacin in tizanidine
UC(0-�) and increase caused by ciprofloxacin in caffeine/
araxanthine ratio (C).
hanges in the pharmacodynamic variables at base-
ine before tizanidine administration. Thus it is ob-
ious that the strong effects observed after the in-
estion of tizanidine were caused by tizanidine and
ot by ciprofloxacin. This conclusion is also sup-
orted by the highly significant correlations between
he plasma concentration of tizanidine and the
hanges from baseline in the blood pressures and
ther pharmacodynamic variables.
The therapeutic range of tizanidine is narrow. It

hould be noted that only a single 4-mg dose of tiza-
idine was administered in this study. Ingestion of
izanidine at higher doses, or twice or 3 times daily,
ould cause an even stronger interaction. During the
iprofloxacin phase, plasma concentrations of tizani-
ine 7 hours after dosing were at the same level as the
eak tizanidine concentration during the control phase.
he lowest systolic blood pressures were less than 80
m Hg in some subjects after tizanidine ingestion

uring the ciprofloxacin phase. It is possible that the
ffects on blood pressure and psychomotor functions in
lderly and infirm patients could be even greater. Fur-
her studies could reveal whether a tizanidine dose
eduction, or dosing before or several hours after cip-
ofloxacin, would permit their concomitant use with an
dequate margin of safety.

Both tizanidine and ciprofloxacin are commonly
sed drugs. For example, in Finland the daily consump-
ion of tizanidine was 1.75 defined daily doses (DDD)/
000 inhabitants (DDD for tizanidine, 12 mg/d) and
hat of ciprofloxacin was 0.54 DDD/1000 inhabitants
DDD for ciprofloxacin, 1 g/d) during the year 2002.27

n the United States the annual sales of tizanidine have
een reported to exceed $200 million.28 Thus it is
ossible that ciprofloxacin and tizanidine are also co-
dministered to patients in countries where both are in
eneral use.
In conclusion, ciprofloxacin greatly raises the plasma con-

entrations of tizanidine and increases its concentration-
ependent adverse effects, by inhibiting its CYP1A2-
ediated presystemic metabolism. Clinicians should be

ware that the interaction may have hazardous conse-
uences, at least when tizanidine is administered simul-
aneously or shortly after ciprofloxacin. Tizanidine
eems to be a sensitive probe drug for CYP1A2 activity
tudies in humans.

None of the authors has any financial or personal relationships that
ould be perceived as influencing the research described.
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