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ABSTRACT:

Clinical trials with tizanidine when administered alone have shown
that 5-chloro-4-(2-imidazolin-2-ylamino)-2,1,3-benzothiodiazole (tizani-
dine) is safe and effective for spasticity control. However, given its
mechanism of action and requirement for titration, clinical experi-
ence suggests that tizanidine is likely to be used in combination
with other antispastic agents with different mechanisms of action,
such as baclofen. The objective of this study was to examine the
pharmacokinetics of both tizanidine and baclofen under steady-
state conditions when administered alone or concomitantly. This
was a randomized, three-period, multiple-dose, Latin Square de-
sign study consisting of tizanidine HCI, 4 mg t.i.d. for seven con-
secutive doses; baclofen, 10 mg t.i.d. for seven consecutive doses;
and both regimens simultaneously for seven consecutive doses.

Drug administration was performed every 8 h, three times daily.
Fifteen normal men served as study subjects. A priori, a clinically
significant difference was set as 30%. Concentrations of tizanidine
and baclofen were nearly identical during the single and concom-
itant dosing periods. All of the calculated steady-state pharmaco-
kinetic parameter changes for baclofen, tizanidine, and its major
metabolites were within the 30% criterion. Small differences in
renal clearance were observed when the two drugs were coadmin-
istered, but these changes are unlikely to be clinically important.
Thus, it is unlikely that coadministration of tizanidine and baclofen
during dose-titration of the former will result in a pharmacokinetic
interaction.
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5-Chloro-4-(2-imidazolin-2-ylamino)-2,1,3-benzothiodiazole (tizaspastic efficacy to diazepam and baclofen. Tizanidine was also ratng
nidine)! is analpha-2 adrenergic agonist that diminishes spasticity bys better tolerated than these active controls as judged by investigatorg

depressing polysynaptic reflexes and by increasing presynaptic inhjbataste et al., 1994; Wallace, 1994) S
itory actions of spinal interneurons. Its adrenoceptor agonism has beem both patients and healthy volunteers, tizanidine is rapidly ab- £
shown to directly impair excitatory amino acid release from spingbrbed after oral administration. The absolute oral bioavailability is ~

u
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interneurons and to inhibit facilitatory coeruleospinal pathways (Col=20 to 34%, reflecting a large, first-pass hepatic metabolism. Tiza-g

lingridge and Davies, 1982; Davies, 1982).

nidine exhibits linear pharmacokinetic behavior with an elimination 3

_In two double-blind, placebo-controlled studies, tizanidine praaf-life of ~2 to 4 h. Steady-state conditions of tizanidine are
vided statistically and clinically significant reduction in muscle tongsically achieved within 24 to 48 h after institution of therapy. There
in patients with spasticity of spinal cord origin (Nance et al., 19945 o gpparent change in pharmacokinetic parameters with repeated

United Kingdom Tizanidane Trial Group, 1994). In active-controlled yministration (Tse et al.

1987).Tizanidine is extensively metabo-

studies, tizanidine was found effective, and of at least similar anHied with the two major metabolites of tizanidine having been

Drs. Shellenberger, Groves, and Shah are employees of Athena Neuro-
sciences, Inc., which has licensed tizanidine from Novartis Pharmaceuticals for
the United Kingdom, Ireland, and North America. Dr. Novack serves as a paid
consultant to Athena Neurosciences, Inc.

" Abbreviations used are: AUC44_.,), the area under the plasma concentration
versus time curve for the steady-state dosing interval from 48 to 56 h was
calculated by the linear trapezoidal method; CL,, clearance (renal), calculated as
the amount excreted in the urine from 48 to 56 h divided by the AUC45_.; Ko,
apparent first order elimination or terminal rate constant calculated from a semi-
log plot of the plasma concentration versus time curve [the parameter was
calculated by linear least squares regression analysis using the last (three or
more) non-zero plasma concentrations]; t,,,, the elimination or terminal half-life,
calculated as In(2)/Kg.
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identified as DS-200-717 (metaboli® guanidine, [(5-chloro-4-(2-
imidazolin-4-on-2-ylamino)-2,1,3-benzothiazdiazole] and DS-201-
341 (metabolite4, amide, [5-chloro-4-(guanidino)-2,1,3-benzothia-
zdiazole]). Based on total recovery analysis, renal excretion is
apparently the major excretory route for tizanidine and its metabolites
accounting for~65% of the administered i.v. dose. These metabolites
have very little pharmacological activity (Heazlewood et al., 1983;
Koch et al., 1989; Wagstaff and Bryson , 1997).

Baclofen, like tizanidine, is also used in the management of patients
with spastic disorders. Baclofen decreases the frequency and ampli-
tude of muscle spasms (tonic reflexes) that arise in response to muscle
stretching in patients with various spinal cord lesions. The drug
simultaneously and equally suppresses cutaneous reflexes and muscle
tone but only slightly depresses the amplitude of tendon jerks (phasic
reflexes). Baclofen appears to act primarily at the spinal cord level by
inhibiting spinal polysynaptic afferent pathways but may also inhibit
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monosynaptic afferent pathways (Sayers et al., 1980; Novack et al.,4 -
1983; Chen et al., 1987; Standaert and Young, 1996).

Baclofen is rapidly absorbed after oral administration. It is largelgy
excreted unchanged by the kidney, and has a mean elimination h%f- T+ —— Tizanidine a'l°"eB of
life of 3—4 h. Renal clearance of baclofen (12139 ml/min) is £ ®] %~ Tizanidine plus Baclofen
similar to creatinine clearance suggesting that glomerular filtration @
apparently the dominant renal excretory mechanism. About 15% ofm
dose of baclofen is metabolized in the liver, mostly by deaminatio P
(Wuis et al., 1989; Cederbaum and Schleifer, 1990). §

Clinical trials with tizanidine have shown the efficacy and safetyp
profile when administered alone. However, clinical experience sugﬁ-
gests that, given its mechanism of action and requirement for titratio'E, 1
tizanidine is likely to be used in combination with other antispasti
agents with different mechanisms of action, such as baclofen. Becallse |
renal excretion is the predominant excretory route for both agents,
concomitant use of both agents may alter the renal excretion or other® 4‘8
pharmacokinetic parameters of one or both agents. This study was
conducted to determine whether pharmacokinetic changes occur for

; : [H P iG. 1. Mean (S.D.) plasma tizanidine concentrations after administration of 4
elthe_tr tlilanldlne or baclofen when the agents are administered coh mg of tizanidine alone or in combination with 10 mg of baclofen.
comitantly.

50 52 54 56 58 60
Time in Hours

Patients and Methods 4,5, 6, and 7 and after dose 7 at 0.25, 0.5, 0.75, 1, 1.33, 1.67, 2, 2.5, 3, 4, 6g
This was a randomized, three-period, multiple-dose, Latin Square des 0. 12, 16, and 24 h. Urine specimens were obtained in each period Wlthln§
h before dose 1 and after dose 7 over the study hours of 0 to 2, 2 to 4, 4 tog

study consisting of: (a) tizanidine HCI (Zanaflex; Athena Neurosciences, Inc., 8. 810 16. and 16 to 24. Aft ding th | ¢ the uri ided B
South San Francisco, CA), 4 mg t.i.d., seven consecutive doses; (b) baclo,qeﬁ 108,810 16, an to 24. After recording the volume of the urine voided o

. . . 9]
(Lioresal; Geigy Pharmaceuticals, Ardsley, NY), 10 mg t.i.d.; and (c) bofﬂf the |nt§rval, aliquots of the sa(;np\l/esl were stored fqr later ar&alyss. .Lhethg
regimens simultaneously for seven consecutive doses. Dosing was perforr?lle de urine W;‘_S nlotbmfeasure - ou;:teers wehred |nstruc;ed_ to go'h t ?Ireg
every 8 h, three times daily. These doses were selected to be in the therap&f‘ﬁg ers immediately before receiving the seventh dose and discard the urinez

range (Standaert and Young, 1996; Wagstaff and Bryson, 1997). Thus, Sub]’izanidine and its two metabolites were analyzed by a liquid chromato-

jects received a total of 14 doses each of tizanidine and baclofen. The subjgé?soh'd mass_SPECtrome"'C/ mass sPeCtromemC procedure. The mass SPeCtr%'
fasted for 10 h before the first dose, and h before each subsequent doseMetric detection was performed with a sample inlet by heated nebulizer, o
sitive ionization by atmospheric pressure chemical ionization and mass=:

Subjects fasted fo2 h after each dose. Drug administration was performe@O . . - S ; ; .
under the supervision of clinic personnel. scanning by multiple reaction monitoring analysis. The inter- and intraday §

In order to assure that at least 12 subjects completed the study, 15 wredy variability was<10 to 12% for each drug and tizanidine metabolites

enrolled. Subjects were healthy, nonsmoking men, 19 to 30 years of aggglyzed with the method. The limit of quantitation for tizanidine, metabolite

Subjects’ weight was within= 15% for height and body frame (1983 Metro- metabolited, and baclofen was 0.2, 0.2, 0.2, and 2 ng/ml in blood and 0.5,

politan Height and Weight Table). Excluded from the study were individuaf¥® 5_0' gnd 1 ng/ml n uc';mﬁ’ reslpectl;/ely. \4a|ues| Io:/vgr thanf tAhScl:'mghOf
with a recent history of drug or alcohol addiction or abuse; clinically signifiguaml'(t_ano_n were assigned the \Ila :‘e % zerohor caicu ztlops Of s dar—:,
cant medical disorder, especially those that might impair drug disposition, t;zv'ir;zgismeasures were calculated as shown in the list of nonstan arcE'_

positive hepatitis B surface antigen screen or a reactive human immunod | ¢ vari ANOVA) of ph Kineti t ;
ciency virus type | antibody screen; or a history of frequent nausea or emesid\nalyses of variance ( ) of pharmacokinetic parameters were per-

regardless of etiology. Also excluded were those individuals with history B?Yme_?hw'th tgeI_GeTedraldLmear Model %r_ocedgrﬁ_ of SAS (ver3|0r;6.09, Cary, 2
allergic response(s) to tizanidine or baclofen; who had used any drug knowr{\{g)'f € mode mcfl: e sequencz, su éegt Wr']t n st;a_quen(_:i,. and treatment.
induce or inhibit hepatic drug metabolism or investigational drug use within dgst for sequence effects was conducted by the subject within sequence error
days of study entry; who had used a prescription medication within 14 da%an square from the ANOVA as the error term. Treatment related tests were

1adsepwp

no
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before entry or an over-the-counter medication within 7 days before en nducted ‘,Nith the_ residual errqr (mggn square error) from the ANOVA. Th?
(except acetaminophen). This study was approved by an Institutional Revi% g—drug interaction between tizanidine and baclofen was assessed by testing
the difference in the mean pharmacokinetic parameter value when each treat-

Board, and all subjects provided written informed consent. ) | hen th d dmini d. A priori
Up to 14 days before the first dosing period, subjects underwent a screenﬁﬂ%m was given alone to when the two drugs were coadministered. A priorl, &

examination that consisted of a physical examination with eIectrocardiogra?H ically significant difference was set as 30%. This hypothesis was tested

hematology, clinical chemistry, and a urinalysis for both clinical evaluatiofith two one-sided hypotheses. A .05 level of significance was used to
and for drugs of abuse. determine statistical significance for all hypotheses tested.

Subjects reported to the study site by 2000 h on the evening before dosing
of period 1, and were confined to the study unit until the last collection of each
period, 72 h after the end of dosing. At the check-in for each treatment periodFifteen subjects entered the study and all completed all three
subjects provided a urine sample for a drug screen. There was a minimperiods. The mean age of the subjects was 2356 (mean* S.D.;
interperiod washout of 4 days. range 19-27 years). The mean height of the subjects was+72.7

During each study period, subjects were continuously monitored by theches ¢ S.D.; range, 67—75) and mean weight was 18019.2

_cIinicaI study staff through_o_ut the confinement portior_1 of the study: T_hié%unds (range, 153-215). Fourteen of the subjects were Caucasian
included measurement of sitting blood pressure and radial heart rate within AN one was Asian

before each dose and 1-2 h after the morning and afternoon dose. SUbJectFizanidine Mean plasma concentrations of tizanidine with and

were instructed to abstain from consuming caffeine and/or xanthine-containin% . . -
products, alcohol, or grapefruit juice for at least 48 h before days on whidthout concomitant baclofen are shown in Fig. 1. These concentra-

dosing was scheduled and during the periods when blood samples were b&ipgs were nearly identical when administered alone or as concomitant
collected. dosing. Pharmacokinetic parameters for tizanidine and its major me-

Blood specimens were obtained in each period immediately before dosetaholites are shown in Table 1 and Table 2. All of the calculated

Results
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TABLE 1 250 -

Mean (S.D.) pharmacokinetic parameters for tizanidiNe= 15)

Parameter Tizanidine Tizanidine % e i —&— Baclofen alone
Alone with Baclofen Chang# %, 200 —&— Baclofen plus Tizanidine

Crnax (N@/ml) 2.51(1.12) 2.42(1.03) 9.7(613) £
Trnax (N) 0.90 (0.27) 1.10 (0.54) 29.4(66.4) §

Ko (h™h) 0.60 (0.14) 0.60 (0.11) 8.4(13.7) % 150
tyo (h) 1.21 (0.26) 1.18 (0.20) —6.3(13.5) "":-
AUC 45, (ng - h/ml) 6.00 (3.75) 5.72 (3.03) 4.6 (46.5) g

CL, (ml/min) 74.3 (39.4) 58.9 (24.9) 26.4 (151) g 100 |
% Dose unchanged in urine 0.75 (0.60) 0.48 (0.27) —13.8 (68.5) [5)
29 Change calculated as: {10Q(Parametey,.nigine + baclofen— Parametes nigine alone §
/Parametgzamdme alonz) TO)

8 50
[11]

TABLE 2
Mean (S.D.) Pharmacokinetic parameters for metabol@esd 4 of tizanidine 0 . . . :
(N = 15) 48 54 60 66 72
Tizanidine Tizanidine Time in Hours
Parameter ;
Al h Baclof
one with Baclofen Fic. 2. Mean (S.D.) plasma baclofen concentrations after administration of
Metabolite3 10 mg of baclofen alone or in combination with 4 mg of tizanidine.
Cyeu (NG/MI) 11.6 (2.36) 13.4 (4.68)
Tonax (M) 1.3 (0.50) 1.7 (0.80)
Ky (h™h) 0.14 (0.04) 0.13 (0.04) TABLE 3
L (h) 5.37(1.27) 6.29(2.95) Mean pharmacokinetic parameters for bacloféh € 15)
AUC,q_, (ng - h/ml) 57.0 (16.4) 58.9 (18.0)
CL, (ml/min 13.6 (5.61 12.1 (4.17 Baclofen Baclofen %
Metai)c(>lite4 ) (5-:61) (417) Parameter alone with Tizanidine Cha%gé
Cinax (Ng/mI) 3.48 (1.34) 3.53(1.84) Conax (NQ/MI) 211 (42.8) 208 (27.6) 1.05 (20.1)
Tena (M) 15 (047) 1.7 (0.86) T () 1.2 (0.53) 13 (052) 21.2 (54.9)
Ko (W) 0.13(0.06) 0.14.(0.05) Ky (h™) 0.11 (0.02) 0.11 (0.01) 3.9 (12.0)
tyz () 6.96 (4.07) 5.74 (2.74) ty, () 6.67 (0.92) 6.44(0.73) —25 (11.8)
AUC 5. (ng - h/ml) 17.0 (5.13) 16.2 (5.55) AUC 4., (ng - h/ml) 874 (136) 891 (136) 23 (7.7)
CL, (ml/min) 376 (134) 466 (154) CL, (ml/min) 151 (385) 168 (36.7)  23.7 (71.3)

% Dose unchanged in urine 80.9 (10.5) 86.0 (13.9) 6.62 (12.4)

% Change calculated as: {10QParametgg,nigine + baclofen— Parametgg.nidine alone

steady-state pharmacokinetic parameter changes were within the Spa( Bmeter, . )

criterion. Mean renal clearanc€l(,) for tizanidine decreased 21%

during concomitant administration relative to sole administration. Thgter baclofen. There were no notable trends in laboratory findings or
mean half-life of tizanidine was 1.21 and 1.18 h when administerggtal signs.

alone and in combination with baclofen, respectively. The maximum

observed plasma concentratio@,(,,) of metabolite 3 was 16% Discussion

greater during coadministration, which is consistent with the 11% The objective of this study was to investigate the potential drug-<
smallerCL, during coadministration. Conversely, tti, for metab- qryg interaction between tizanidine and baclofen at steady-state con,\,
olite 4 was 27% greater during coadministration. Of the 12 possibiftions. This was accomplished by examining the plasma and urinaryg
between treatment statistical comparisons, only @ie for metabo- pharmacokinetics of baclofen, tizanidine, and its two major metabo-
lite 4, was statistically significant. lites after the repeated administration of tizanidine and baclofen alone
Baclofen.Mean plasma concentrations of baclofen with and withor in combination. None of the calculated steady-state pharmacoki-
out concomitant tizanidine are shown in Fig. 2. As with tizanidingyetic parameter differences for any of the four compounds was as
these concentrations were nearly identical when administered alonggsat as 30%, the a priori criterion for interaction, when tizanidine and
or as concomitant dosing. Each of the mean plasma pharmacokingielofen were coadministered compared to when the two drugs were
parameters was<10% different between treatments (Table 3). Thgiven individually.
mean elimination half-life of baclofen was 6.7 and 6.4 h when The steady-state plasma concentration profiles for tizanidine were
administered alone and in combination with tizanidine, respectivelyery similar when administered alone and when coadministered with
The meanCL, for baclofen was 11% greater when tizanidine angaclofen. Of all the main measures, the greatest plasma pharmacoki-
baclofen were coadministered. None of the pharmacokinetic paranetic parameter difference was for time of the maximum measured
eters between the treatment regimens reached the level of statistitabma concentratioril(,,,) (25%). This is of questionable signifi-
significance. cance because the percentage differende,if is sensitive to sample
There were a total of 19 adverse events reported by 7 subjectslection times. Each of the other plasma pharmacokinetic parame-
during the trial. Headache was the most frequently reported advetses was<9% different between treatments.
event, with 11 episodes reported by 4 subjects—three each during\fter the coadministration of tizanidine and baclofen, m&pfor
baclofen and tizanidine treatment periods, and five during combingezanidine decreased 21%, which did not reach a statistically signifi-
tion treatment. Asthenia was the second most commonly reporight 30% difference. This difference in tizanidi@t, was also of
event, with three episodes reported by three subjects, all after timited significance because1% of the tizanidine dose was excreted
combination treatment. The remaining five adverse events were afichanged in the urine over the 24 h period after the last dose. The
considered “mild” in intensity: dizziness, dyspepsia. and somnolenckeange inCL, amounted to a mean decrease of only 0.010 mg of
were each experienced after tizanidine, and two episodes of rhinttmnidine in the urine of the 24 h period.
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The plasma concentration profiles of metabdBit@ere comparable of Harris Laboratories, Drug Studies Unit, University of California,
when tizanidine was administered alone or with baclofen. Howevean Francisco.
the mean trough concentrations of metabolittom 24 to 48 h, as
well asC,,,,, Were greater when tizanidine was coadministered with References
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