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,iOlT~hinc with r~,,,,ard t,~ toleram'e-developin~, ahility to antinociceptive aclio~t. PHARMACOL BIOCHEM BEHAV 25(4) 
835-841, 1986,--The antinociceptive, tolerance-developing and anti-withdrawal activities of tizanidine [5-chloro-4-(2- 
imidazolin-2-yl-amino)-2,1,3-benzo-thiadiazole] were investigated by comparing its effects with those of morphine and 
clonidine in tail-flick-, hot plate-, acetic acid-induced writhing-, and naloxone-precipitated withdrawal jumping-tests. The 
antinociceptive action of tizanidine was not altered by naloxone, while that of morphine was antagonized. Tolerance to the 
tizanidine-induced antinociceptive action and to motor incoordination was developed by successive administration of 
tizanidine. In the tizanidine-tolerant mice, the antinociceptive action of morphine was significantly decreased, but not 
sleeping time induced by pentobarbital. The action oftizanidine was not modified in the morphine-tolerant mice. Tizanidine 
failed to induce morphine-withdrawal jumping and to inhibit naloxone-precipitated withdrawal jumping in the morphine- 
dependent mice. Cross tolerance to the antinociceptive action induced by tizanidine and clonidine was developed. These 
results suggest that o~z-adrenoreceptors may be involved in the action mechanism of tizanidine, but not opioid receptors. 
Functional tolerance to tizanidine action may be developed by successive administration of tizanidine. 

Tizanidine Clonidine Morphine Antinociceptive action Tolerance Withdrawal 

M O R P H I N E  is an effect ive pain re l iever  current ly available 
to the physician and it is the standard against which other  
analgesics are evaluated.  Howeve r ,  the use of  narcot ics  like 
morphine  is hampered  by the rapid onset  of  drug dependence  
which limits their application.  Current  research in analgesics  
is a imed at finding a nonnarcot ic  analgesic agent which will 
al leviate pain without the deve lopmen t  of  physical  depend-  
ence  and which will be able to b lock wi thdrawal  symp-  
toms in pat ients  current ly  rece iv ing  narcot ic  drugs.  The 
ant ihyper tens ive  agent clonidine was reported to block pain- 
induced volcal izat ion af terdischarge [17] and to reduce cer- 
tain withdrawal  signs in morphine- t rea ted  animals [3, 4, 12]. 

Tolerance  to several  potent  analgesics  can be deve loped  
[18]. The deve lopment  of  to lerance  to c lonidine- induced an- 
t inocicept ive  action [16], the sedat ive effect [10] and sup- 
pression of  operant  behav iour  [11], has also been reported.  

K a m e y a m a  e t a / .  [6] have reported that t izanidine [5- 
chloro - 4 - (2 - imidazolin - 2 - yl - amino) - 2,1,3 - benzo - thia- 
diazole] has an imidazoline structure in common  with that of  
clonidine and inhibits the nocicept ive  responses  induced by 
chemical ,  thermal,  mechanica l  and electr ical  stimuli at dose 
levels much lower  than those required for muscle relaxant 
action. The action induced by both t izanidine and clonidine- 
was antagonized by yohimbine,  an c~2-adrenoreceptor 
b locker  [8]. Moreove r ,  t izanidine decreases  body tempera-  
ture of  rats [7]. In addit ion,  t izanidine,  when adminis tered 

int racerebroventr icular ly ,  has been shown to possess the ca- 
pacity for ant inocicept ive  act ivi ty [15]. Fur thermore ,  the 
ant inocicept ive  action of  t izanidine is a t tenuated in spinal 
mice as is that of  morphine [15]. The ant inocicept ive activity 
of  t izanidine has been found to be s t ronger  than that of  mor- 
phine in various analgesic tests as is that of  clonidine [15]. 
Therefore ,  the ant inocicept ive  action of  t izanidine may be 
mediated by the central  nervous  system. 

In present  exper iments ,  we have eva lua ted  t izanidine 
for its an t inoc icep t ive ,  t o l e rance -deve lop ing  and anti- 
withdrawal  activities by compar ing its effects with those o! 
morphine and clonidine in the same test. 

METHOD 

Attimals and Em'ironment 

Male albino ddY mice (Shizuoka Labora tory  Animal  Cen- 
ter, Shizuoka,  Japan) weighing 18-22 g were used. The mice 
were al lowed food and water  ad lib. Envi ronmenta l  condi-  
tions were constant  at 23 + _ I°C, 50_+5% humidity with a 12 hr 
light-dark cycle.  

T,  iI-Flick- Test 

The method  used was in accordance  with that descr ibed 
by D ' A m o u r  and Smith [2]. The  t ime until the mouse  flicked 
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T A B L E  1 

DEVELOPMENT OF TOLERANCE TO TIZANIDINE-INDUCED ANTINOCICEPTIVE ACTION IN 
TAIL-FLICK- TEST BY SUCCESSIVE ADMINISTRATIONS OF TIZANIDINE 

Days of 
administration 0 5 7 10 12 

Tail-flick 
latency (secp 11.4 +_ 1.30 8.59 ± 0.82 8.05 ~ 1.49 6.66 _+ 1.42" 5.69 ± 1.06" 

Mice whose tail-flick latency were between 1.5 and 4 sec were selected and were successively 
administered tizanidine (0.5 mg/kg, SC) twice a day for 0, 5, 7, 10 and 12 days. 

alndividual groups of mice were used for each time point and challenged with tizanidine (1 mg/kg, 
SC) 24 hr after the last of 5, 7, 10 and 12 successive injections of tizanidine and the tail-flick latency was 
recorded 30 min after the challenge oftizanidine. 

N =9-10 in each group. 
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FIG. 1. Effect of naloxone on the antinociceptive action of tizanidine and mor- 
phine in mice. Mice were given naloxone (1 mg/kg, SC) 15 min before treatment 
with tizanidine or morphine. A: tail-flick-test, B: acetic acid-induced writhing- 
test. N=I0-20  in each group. *p<0.01 vs. saline, #p<0.01 vs. morphine alone. 

its tail ou t  of  the pa th  of  a b e a m  of  rad ian t  hea t  was r eco rded  
twice  before  admin i s t r a t i on  of  the tes t  drugs.  Mice w h o s e  
reac t ion  t imes  were  b e t w e e n  1.5 and  4 sec were  se lec ted .  A 
c u t o f f t i m e  o f  15 sec was used.  Pain t h r e sho ld  was e x p r e s s e d  
as r e s p o n s e  t ime (sec) t aken  for  an imals  to flick the i r  tails. 
The  p e r c e n t a g e  of  inhib i t ion  was ca lcu la ted  as follows: cA of  
inhibi t ion = 100 x (A - B)/15 B, A = reac t ion  t ime of  the  
d rug- t r ea ted  an imals ,  B = reac t ion  t ime of  the  cont ro l  
an imals .  

Acet ic  Acid-Induced Writhing-Test 

Acet ic  ac id - induced  wr i th ing- tes t  was  p e r f o r m e d  on mice 
fol lowing the  m e t h o d  of  K o s t e r  et al. [9] with  mino r  modifi-  
ca t ion.  Ace t ic  acid (0.7%) solut ion was in jected in t raper i to-  
neal ly  (IP) 20 min af te r  admin i s t r a t i on  of  the tes t  drugs.  
Comple t e  ex tens ion  of  e i the r  h ind l imb was r ega rded  as a 
wri th ing response .  The  inc idence  of  wr i th ing  was r eco rded  
dur ing  a per iod  of  10 min,  c o m m e n c i n g  30 min af te r  adminis -  
t ra t ion  of  the  tes t  drugs.  The  degree  o f  inhibi t ion was calcu-  

la ted as follows: % of  inhibi t ion = 100 x (A - B)/A; A 
inc idence  of  wri th ing in the cont ro l  group;  B: inc idence  ol 
wr i th ing  in the d rug- t rea ted  group.  

Hot  P/ate-Test  

The  m e t h o d  used was based  on that  desc r ibed  by Woolf~ 
and  Macdona ld  [21]. Mice were  p laced  on a hot  plate at  th~ 
t e m p e r a t u r e  of  55-+0.5°C. Animals  l icking or shak ing  a hinc 
foot within 3-7  sec af te r  be ing  placed on the hot  plate wer~ 
se lec ted .  Animals  showing  a doubl ing  of  the i r  p re -drug  la- 
t ency  were  regarded  as showing  a posi t ive  an t inoc icep t ivc  
effect.  

Molor ('oordination-Tesl 

M o t o r  incoord ina t ion  was def ined as a loss o f  the ab i l i t )  
to stay on 6 mm square rods for  30 sec and expressed as the 
percentage o f  the animals which fell o f f  wi th respect to the 
tota l  number  o f  animals tested in each group [5], 
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FIG. 2. Development of tolerance to tizanidine-induced motor incoordination (A) 
by successive administration of tizanidine and its effect on pentobarbital-induced 
sleeping (B) in mice. Tolerance to tizanidine-induced motor incoordination 
(N=15-22 in each group) was developed and the pentobarbital sleeping time 
(N=10 in each group) was recorded as described in the Method section. ©: 
tizanidine (35 mg/kg) single administration; O: tizanidine successive administra- 
tion. *p<0.01 vs. tizanidine once. 

Sleeping Time by Acute Administration of Sodium 
Pentobarbital 

Mice were challenged with sodium pentobarbital  (60 
mg/kg, IP) 24 hr after 5 days '  successive administration of 
tizanidine (35 mg/kg, SC, twice a day), and sleeping times of 
individual animals were recorded. The sleeping time was the 
elapsed time between the time the animal lost righting reflex 
and the time the animal righted itself spontaneously [13]. 
Each group contained 10 mice. 

DevelolmWnt of Tolerance 

To investigate the development of tolerance to 
tizanidine-induced antinociceptive action (ED~, = 0.5 
mg/kg, SC) in the tail-flick-test (Table 1) and to motor in- 
coordination induced by tizanidine (ED.~o = 35 mg/kg, SC) 
(Fig. 2), twice the ED.~, dose of drug for each response was 
administered successively and the development of tolerance 
was evaluated 24 hr after the last injection. Figures 3 and 5 
show the results of our experiment to ascertain potential 
cross-tolerance to morphine or clonidine: each group of mice 
was given high dose of SC tizanidine (35 mg/kg), morphine 
(350 mg/kg) or clonidine (20 mg/kg) twice a day for 5 days to 
rapidly develop tolerance to each drug. Mice in each group 
were divided into three sub-groups 24 hr after the last injec- 
tion. The mice in each sub-group were challenged with 
tizanidine, morphine or clonidine at twice the ED~0 dose of 
drug for antinociceptive action of each drug and the 
antinociceptive action of test drugs was evaluated by tail- 
flick-, hot plate- or acetic acid-induced writhing-tests. 

In the withdrawal experiment,  morphine-tolerant mice 
were given naloxone (5 mg/kg, SC) and/or tizanidine and the 
occurrence of withdrawal jumping was recorded for 15 min 
after the injection of naloxone as an all-or-none response. 

Drugs 

The following drugs were used: tizanidine hydrochloride 
(Sandoz), morphine hydrochloride (Shionogi), clonidine hy- 

drochloride (TokyoKasei) ,  naloxone hydrochloride (Endo 
Labo.) and sodium pentobarbital  (Abbott  Labo.).  Since the 
peak of the antinociceptive activity of tizanidine was ob- 
served at 30 min after subcutaneous administration, analge- 
sic tests took place 30 min after the administration. 

Statistical Analysis 

The statisitcal significance of the data was evaluated 
using Mann-Whitney's  U-test. 

R E S U L T S  

Affect of Naloxone on the Antinociceptive Action of 
Tizanidine and Morphine 

The antinociceptive action of tizanidine and morphine in 
the tail-flick or acetic acid-induced writhing-tests was shown 
in Fig. 1. Tizanidine (I mg/kg, SC) and morphine (10 mg/kg, 
SC) significantly prolonged the tail-flick latency. Naloxone,  
an opiate antagonist (1 mg/kg, SC) failed to antagonize the 
action of  tizanidine or alter the intrinsic pain threshold, while 
it completely inhibited the action of morphine (Fig. 1A) in 
agreement with our previous report [61. Tizanidine (0.2 
mg/kg, SC) strongly inhibited the acetic acid-induced wri- 
thing (Fig. 1B). The action of tizanidine was not antagonized 
by naloxone (1 mg/kg, SC). 

Development of Tolerance to Tizanidine-lnduced 
Antinoci(eftive Action by Successive Administration of 
Tizanidine at Low Dose Levels 

As shown in Table l, acute tizanidine (1 mg/kg, SC) signif- 
icantly prolonged the tail-ffick latency in the control group. 
When mice were successively given tizanidine (0.5 mg/kg, 
SC), the antinociceptive action induced by tizanidine (1 
mg/kg) was gradually decreased. After the l0 days- 
successive administration of tizanidine the degree of in- 
crease in tail-flick latency of mice which received the 
tizanidine challenge was significantly decreased compared to 
the control group. 
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A Successive administrat ion Challenge 

Dose 
Drug ( mg /kg  x Drug Dose 

times x days ) [ m g / k g  ) 

- -  ~ t izanidine 1.0 

t izanidine 35  x 2 x ,5 t izanidine 1.0 

t izanidine 35  x 2 x ,5 morphine 8 . 0  

- -  ~ morphine 8 .0  

morphine 3,50 x 2 x 5 morphine 8 . 0  

morphine 3 5 0  x 2 x 5 t izanidine 1.0 

Pain threshold ( sec ) 

5 I0 
i i 

I 

F.  
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J--- #0 
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B 
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Successive administrat ion Challenge 

Dose 
Drug ( mg /kg  x Drug D o s e  

times x days ) ( mg /k  9 ) 

- -  t lzonidine 0 .8  

t izonidine 35  x 2 x .5 t izonidine 0 .8  

t izonidine 35  x 2 x 5 morphine I0 .0  

~ morphine I0.0 

morphine 3,50 x 2 x 5 morphine I0.0 

morphine 3 5 0  x 2 x 5 t lzanidlne 0 .8  

Successive administrat ion C h a l l e n ~ e  

Dose 
Drug ( mg/kg  x Drug Dose 

times X' days I ( m~l/k~l ) 

- -  ~ s a l i n e  

- -  ~ tizanidine 0 . 2  

t izanidine 35  x 2 x 5 t izonidine 0 .2  

t izanidine 3 5  x 2 x 5 morphine 1.0 

~ morphine 1.0 

morphine 3,'50 x 2 x ,5 morphine LO 

morphine :550 x 2 x 5 t izonidine 0 .2  
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FIG. 3. Development of tolerance to tizanidine- and morphine-induced antinociceptive action by 
successive administrations of tizanidine in the tail-flick (A)-, hot plate (B)- and acetic acid-induced 
writhing (C)-tests. Tolerance to antinociceptive action induced by tizanidine and morphine was devel- 
oped according to the schedule described in the Method section. The antinociceptive action of 
tizanidine and morphine was evaluated 30 min after the challenge of each drug at a dose of 2 × ED:,, in 
each test. N=6-8 in each group. *p<0.01 vs. tizanidine single administration. #p<O.05, ##p<0.01 vs. 
morphine single administration. 
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Successive administration Challenge 

Dose Dose 
Drug ( mg/kg x Drug 

times x cloys ) ( n ~ / k g )  

morphine 350 x 2 x 5 naloxone 5.0 

morphine 350 x 2 x 5 fizonidlne 35.0 

morphine 350 x 2 x 5 naloxone 5.0 

tizonidine 35.0 

tizonidine 35 x 2 x 5 naloxone 5.0 

0 
n 

I 

I 

I 

% of jumping 

50 IO0 
i 

I 

FIG. 4. Effect of tizanidine on naloxone-precipitated jumping in the morphine de- 
pendent mice. Naloxone-precipitated jumping was recorded as described in the 
Method section. Tizanidine was simultaneously administered in combination with 
naloxone. N= 10 in each group. 

Successive administration Chollenoe 

Dose 
Dr~  ( r~ ,~g  x Drug 

times x da,,p) ( r ~  ) 

1 ~ d ~  1.0 

~ I d l n e  ~ x 2 x 5  ~ z ~  1.0 

T~z~ne  35 x 2 x 5 C~nidine 0.5 

Cloridine 0.5 

Clonidine 9'0 x 2 x 5 Clo'~idine 0.5 

Clonidine 2 0  x 2 x 5 l"izanidine I 0 

Clonidine 2 0  x 2 x 5 Morphine 8 .0  

- -  Morphine 8.0 
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Morphine ~ O x  2 x 5 Clonidine 05  

? 'P 

I ] ,  
e e  

I 

I 
e e  

[ 

Tail-flick la1'er~:y (sec) 

5 ,o 

I-- 

I -  

I - -  ]. 
F- 

P 

)____ 

1--- 

FIG. 5. Cross tolerance to the antinocJceptive action induced by tizanidine and 
clonidine. Tolerance to tizanidine-, clonidine- and morphine-induced antinocicep- 
rive action was developed as described in the Method section. The antinociceptive 
action of tizanidine, clonidine and morphine was evaluated 30 min after the admin- 
istration of each drug at a dose of 2× ED:,0 in the tail-flick-test. N=8-10 in each 
group. *p<0.05, **p<0.01 vs. single administration. 

l)evelolmZent o f  Tolerance to Tizanidine-lnduced Motor 
Incoordinati~m By S/recessive Administration o[" Tizanidine 
at High Dose Levels 

Tizanidine- induced motor  incoordinat ion was investi-  
gated in the mice given tizanidine (35 mg/kg, SC: ED~,, for 
motor  incoordinat ion) twice a day for 5 days,  in order  to 
de termine  whether  chronic  t izanidine could produce 
tolerance to the o ther  pharmacological  act ion induced by 
tizanidine. As shown in Fig. 2A, acute  t izanidine (35 mg/kg) 
produced  motor  incoordinat ion in ove r  50% of  the mice in 
the control  group at the peak of  the action and the t izanidine 
action was observed  for 2 hr. In the mice treated with 

t izanidine for 5 days,  the action of  t izanidine was signifi- 
cantly decreased in terms of  potency and duration. 

Pentobarbital-lnduced Sleeping Time.[}~r Mice Treated 
Su('cessivelv With Tizanidine 

To invest igate whether  the hepatic  microsomal  drug- 
metabol izing enzyme system was involved in the develop- 
ment of  tolerance to t izanidine-induced action,  sleeping time 
induced by pentobarbi tal  in the control  group was compared 
to that in t izanidine-tolerant  group,  since pentobarbital- 
induced sleeping t ime will be decreased  when hepatic dru~ 
metabol izing enzyme system is induced by the successive 
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tizanidine treatment. As shown in Fig. 2B, pentobarbital (60 
mg/kg, IP)-induced sleeping time in the tizanidine-tolerant 
group was not different from that in the control group. 

Development ~1" Tolerance to the Aittinociceptive Actiolt o f  
Ti~aniditie atul Morphine itt the Tail-Flick-, Hot Phtte- and 
Acetic Acid-induced Writhin~,,-Tests am[ Uross-Tolerance to 
Mot7~hine 

To produce a high degree of tolerance rapidly, the injec- 
tion schedule for the motor incoordination experiment was 
employed. Since ED:,,~ in the motor coordination-test was 
about 70 times higher than that in the tail-flick test, the 
corresponding dose of morphine was administered succes- 
sively for 5 days. At the dose of 2×ED:,o, acute tizanidine 
and morphine produced significant antinociceptive action in 
the tail-flick (Fig. 3A)-, hot plate (Fig. 3B)- and acetic acid- 
induced writhing (Fig. 3C)-tests. The successive administra- 
tion of tizanidine and morphine developed tolerance to the 
antinociceptive action of tizanidine and morphine, respec- 
tively, in the tests used. In the tizanidine-tolerant mice, the 
antinociceptive action of morphine in the tail-flick-, hot 
plate- and acetic acid-induced writhing-tests was signifi- 
cantly attenuated. On the contrary, the action of tizanidine 
did not change in the morphinetolerant mice in any tests. 

El.t'ect ~1" fixaniditt~' oil Mot7~hine-Withdrawal ,htmpitt,,, 

To confirm the differences of action mechanism between 
tizanidine and morphine, the effect of tizanidine on 
morphine-withdrawal jumping in mice was investigated. In 
addition, we attempted to investigate whether naloxone 
produces "tizanidine-withdrawal jumping" in the tizani- 
dine-tolerant mice. As shown in Fig. 4, naloxone (5 mg/kg, 
SC)-induced jumping in the morphine-tolerant mice. 
Tizanidine neither inhibited the jumping produced by 
naloxone nor induced jumping in the morphine-tolerant 
mice. Naloxone failed to induce "'tizanidine-withdrawal 
jumping".  

()'<~s.s-loleran('e t<~ the AHtim~(li(eptiv~" Acti~,n <~[ Tixattidine 
and ('lotlidine 

To clarify the similarity of the mechanisms of anti- 
nociceptive action of tizanidine and clonidine, but not 
morphine, the antinociceptive action of tizanidine and mor- 
phine in the clonidine-tolerant mice was investigated. As 
shown in Fig. 5, tolerance to the antinociceptive action of 
clonidine was developed by the 5 days" successive adminis- 
tration of clonidine. In the clonidine-tolerant mice, the 
antinociceptive action of tizanidine was significantly de- 
creased, but not that of morphine. The action of clonidine 
was also significantly attenuated in the tizanidine-tolerant 
mice. However, the antinociceptive action of clonidine did 
not change in the morphine-tolerant mice. 

DISCUSSION 

We have shown in earlier studies that tizanidine structur- 
ally resembles clonidine and produces antinociceptive action 
which is greater than that of morphine in various analgesic 
tests [6], but which is smaller than that of clonidine in the 
tail-flick- and acetic acid-induced writhing-tests [8]: Ibis 
agrees with present results. It is apparent that the 
antinociceptive activity of tizanidine is not mediated through 
a narcotic or endorphin mechanism, though tizanidine has a 

potent antinociceptive action compared to morphine. In all 
instances, naloxone failed to antagonize the action of 
tizanidine. Kameyama et a/. [8] have reported that (~- 
adrenoreceptors may be of importance in mediating 
tizanidine-induced antinociceptive action in the tail-flick- 
test, since the tizanidine action is antagonized completely by 
an c~-adrenoreceptor blocker (yohimbine), but not by an ~ -  
adrenoreceptor, dopamine receptor, serotonin receptor or 
opiate receptor blockers. The mechanism of action of 
tizanidine described above is similar to that of clonidine 
[8,17]. However, there is an interaction of opioid and 
c~-adrenoreceptor systems, since clonidine is able to inhibit 
some precipitated withdrawal syndromes in morphine-de- 
pendent rats [14, 19, 201, but this effect of clonidine is not 
antagonized by naloxone [19]. In addition, acute administra- 
tion of clonidine enhances the antinociceptive action of mor- 
phine and the morphine action is reduced in the chmidine- 
tolerant rats [16]. Therefore, the relationship between 
tizanidine and the opioid system was investigated in the 
present experiments in more detail. 

In agreement with previous results [6,8], naloxone failed 
to antagonize the antinociceptive action of tizanidine in the 
tail-flick- and acetic acid-induced writhing-tests, while it 
completely antagonized that of morphine. Furthermore, the 
action of tizanidine was not altered in the morphine-tolerant 
mice in the tail-flick-, hot plate- and acetic acid-induced 
writhing-tests. Moreover, tizanidine was not able to sup- 
press the naloxone-precipitated withdrawal jumping in the 
morphine-dependent mice o1" produce the morphine-with- 
drawal ,jumping. The difference in the ability to inhibit pre- 
cipitated withdrawal syndrome in morphine-dependent 
animals between tizanidine and c[onidine may be due to the 
differences in the affinity of both drugs to (~,- 
adrenoreceptors and the differences among in the species 
used. In addition, naloxone failed to produce any withdrawal 
syndromes in the tizanidine-tolerant mice. These results 
suggest that tizanidine does not act directly to either stimu- 
late or block opioid receptors. 

The antinociceptive action of morphine in the tail-flick-, 
hot plate- and acetic acid-induced writhing-tests was de- 
creased in the tizanidine-tolerant mice. There are indications 
that the ~t-agonists and antagonists can act in some way on 
opioid receptors: piperoxan has between one-third and one- 
quarter of the potency of naloxone in antagonizing morphine 
[11. In addition, pretreatment of mice with a single dose of 
clonidine causes a marked reduction in the potency of a sub- 
sequent dose of morphine, while the antinociceptive action 
of morphine in potentiated when clonidine is given simulta- 
neously with morphine [1 [. The findings of the present study 
further emphasize the link between opioid and 
~-adrenoreceptors. One possible explanation for these find- 
ings in that an opioid receptor is linked to its effector mech- 
anism through an {~-adrenoreceptor, and that opioid agonists 
in some way activate the ~e-adrenoreceptor. This theory 
would accomodate findings that the morphine action can be 
markedly attenuated in the tizanidine-tolerant mice, though 
the tizanidine action is not able to change in the morphine- 
tolerant mice. There were no differences between the sleep- 
ing time induced by pentobarbital in tizanidine-tolerant mice 
and that in non-tolerant mice. It is well known that pen- 
tobarbital can be metabolized by the hepatic drug metaboliz- 
ing enzyme system and induction of this system is one of the 
mechanisms of tolerance development [14]. Therefore, 
shortening of sleeping time induced by pentobarbital in an 
indicator of the induction of the drug metabolizing system. 
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Taken together ,  the p resen t  results  suggest  that  the devel-  
o p m e n t  of  to le rance  to t izanidine act ion is d e p e n d e n t  on the 
central  ne rvous  sys tems ,  but not  the hepat ic  drug metabol iz-  
ing sys tem.  There  was a d i sc repancy  b e t w e e n  the resul ts  
obta ined by presen t  au thors  and the results  ob ta ined  by pre- 
vious au thors  [16] concern ing  the an t inoc icept ive  act ion of  
morphine  in the c lonidine- to lerant  animals .  This d i sc repancy  
may be due to d i f fe rences  in the species  used,  the schedule  
for deve loping  the to lerance  and the me thod  for  evaluat ing 
tolerance.  In addit ion,  this d i sc repancy  suggests  that  the ac- 
tion mechan i sm of  t izanidine is for the most  part similar to 
that  of  c lonidine,  but slightly different  since the an t inoc icep-  
tive act ion of  morphine  was  reduced  in the t izanidine-  
tolerant  mice,  but not in the c lonidine- to lerant  mice.  

Cross  to lerance  to the an t inoc icept ive  act ion was devel-  
oped  b e t w een  t izanidine and clonidine:  the act ion of 
t izanidine was a t tenuated  in the c lonidine- to lerant  mice and 
vice versa.  The result  suppor t s  our  hypothes i s  that  an c~2- 
ad r en o recep t o r  may be involved in the act ion mechan i sm of 
t izanidine [8]. 
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